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Abstract— A new blind sequences synchronization method in
multiuser multirate CDMA context is proposed in this paper.
Instead of the approach based on the ROBENIUS Square Norm
Behaviour (FSNB) previously proposed in [1]-[3], we develop a
new blind method based on the Maximum Eigenvalue Behaviour
(MEVB) according to analysis window shifts. Theoretical analysis
shows that the MEVB-based criterion provides a significant
improvement of performances, and proves that it is a powerful
tool for blind synchronization. We show that the improvement is
mainly due to suppression of synchronisation peaks masking that
occurred with the previous method. Simulation results confirm
that, performing the synchronization process using this new
criterion, allows one to achieve very good performances at the
receiver side in term of chip error rate (CER) and bit error rate
(BER), even at very low SNRs.

|. INTRODUCTION

Spread spectrum signals have been used in the military
domain for long time for secure communications [4]. Nowa-

detailed in Section VI, and our conclusions will be drawn in
Section VII.

Il. SIGNAL MODELING AND ASSUMPTIONS

Let us consider the uplink multirate CDMA transmissions
using the variable spreading length (VSL) technique (i.e.
sequences have the same chip period, and data rates are tied t
sequences length), the downlink can be viewed as a particular
case of the uplink. Let us denotg a set of available data
ratesRo < R1 < --- < Rs—_1. By denotingV} the number
of active users transmitting @; and N, the total number of
users such thaEiS:’O1 N! = N,, the received signal can be
expressed as:

S—1N.-1 4o

v =D > > ani(k)hnt — KTy = Ta,,) +b(D)
1)

i=0 n=0 k=—oc0

days their field of application includes civilian transmissions,Whereh, ;(t) = S i (k)pi(t — kT.). In (1), the sub-
especially CDMA transmissions [5]. Thanks to the propertiesscript (-)»; refers to then'" user transmitting aR;, denoted
of the pseudo-random sequences used, the CDMA technigdBroughout this article as the:, i)' user. Accordingly:
allows to solve the problem of the increasing number of users e a, (k) are the baseband symbols of variange = for

in a frequency band. Moreover, these signals are difficult to
detect, especially in a non cooperative context (e.g. spectrum

the (n,i)'" user, whereaw;(t) is the convolution of
the transmission filter, channel filter (which takes into

surveillance), because they are often below the noise level, due account channel echoes, fading, multipaths and jammers)

to low Signal-to-Noise Ratios (SNRs).

and receiver filter for each rate.

Several blind approaches (i.e. when the process of recov- e The term h, ;(¢), defined in[0 T,[, is a virtual

ering data from multiple simultaneously transmitting users

filter corresponding to the convolution of all filters

without access to training sequences) have been addressed of the transmission chain with the spreading sequence

in the literature [6]—[8]. In another way of research, many
partially blind multiuser schemes, that exploit some known

{¢n.i(k)}=0...L,—1, WhereL; is the spreading factor for
the (n, )" user.

channel properties, have been proposed [9], [10]. But, all these e Because of the VSL technique, the symbol periad

methods are not blind in the sense used in our non cooperative
context. Indeed, they require some prior knowledge about
users parameters. This knowledge is not available in a non

cooperative context.

Hence, this article is organized as follows: Section Il will
introduce the signal model and assumptions made. Section IlI
will present the new approach. Section IV will deal with the
theoretical analysis of the MEVB-based criterion and compare
it with the FSNB-based one. The simulations results will be

for the users transmitting at the rafe, is tied to the
common chip period: Ts, = L;T., ands,,; stands for

the (n, )" signal.
e The termTy, , is the corresponding transmission delay
for the (n,)!" user; it is assumed to satisfy:< Ty, , <

T,, and to remain constant during the observation.

e b(t) is a centered white Gaussian noise of variange

e Signals are assumed to be independent, centered, noise-
uncorrelated and received with the same powér: =
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1 for two users,T,; represents the transmission delay of the
Dy — second signal, and; the analysis window translation.
I Vectorsh? and h;! allow one to take into account the

| temporal shiftg,, between an analysis window and the begin-
[ S N Ve TR W ning of a whole symbol of thex*” interfering signal in the
correlation matrix defined a®® = YY*, where(:)* stands
for the transpose conjugate ¢f). Then, like in [1]-[3], and
-~ under the assumptions of independent, centered and noise-
uncorrelated signals, and since the signals are assumed to be
received with the same power, the correlation maRixcan
Figure 1. Relative position of two signals and an analysisdain in uplink. be written as:

signal n° 0 | ag(m)

signal n° 1

aq(m) | | | ay(m + 1) |

T, " t
2 s nN_ 0/ 0\x
o2 ., for all (n,i), n = 0,1,---,Ni. — 1, i = R=a4r7 T;) {(1 7.V (V) @
0,1,---,8—1.
e Finally, the SNR (in dB) at the detector intput is + t_nvnl(vnl)*} +I}
negative (signal hidden in the noise). Ts

wherep is the signal to noise and interference ratio (SNIR)
compared to one of the other uselsis the identity matrix,
The blind multiusers detection scheme proposed in [11hnd vectorsv? and v, ! are normalized versions df? and
allowed us to estimate symbol periods,, thus data rates. h,!. Then, we set:
Then, the synchronization process is performed within each - D
{ﬁ = pres dy = 7

IIl. PROPOSEDAPPROACH

group: of users transmitting at the same data rate. The received

O Y : ; (5)
signal is sampled and divided infé non-overlapping temporal T

windows of durationl’r = Ts, = MT,, M € N*, whereT,

is the sampling period]’s, is the symbol period estimated in
[11], and denoted within a group; for more clearness.

_t _
a7z—ﬁ7 Tn =

Thus,a,, 7,, df € [0 1[. The(M x M) correlation matrix
R can be rewritten as:

DenotingY the sampled received signal matrix which each N1
column containsM signal y(t) samples, leads us to get the R =07 [ 8 Y {(1 = an)v)(v0)" + anv, ' (v, 1)} +1
following (M x N)-matrix: n=0
(6)
y(t) oyt (N = 1DTY) Since sequences are assumed to be slightly correlated, the
Y = : . : (2)  matrixR eigenvalues in an unspecified order can be expressed
yt+Ts—Te) -+ ylt+NT,—1T,) as.
Thanks to theoretical analysis, (2) can be expressed as: A =0 {8l —an)+1}, n=0, NG -1
Ni_1 )‘7:1:Ul3{ﬂan+1}v n:O,.-‘7NPZ/—1 (7)
u — g2 — 9N ... -
Y: Z (hg-i-h;l) ag (3) )\n —O’b, ’I'L—QNu, ,M 1
n=0 Equations (6) and (7) highlightN! eigenvalues associated
where the vectoral = |- a,(m)---] contains all the to the signal space and the — 2N: ones associated to the

symbols of then'” user. Since filtersh, (t) are defined in noise space (all are assumed to be equal on average to the

[0 T.[ vectorsh? andh;! are defined, for each interfering Noise power). Fig.1 and (7) evidence that each valjewill
user whithin the group, as follows : change according to the normalized analysis windows shifts

« the vectorh;-! contains the end of the corresponding dy in cyclic fashion. Thus, to take it into account, we set:

spr(_eading waveform durin@ — ¢,, followed by zeros {a —(df —m)n =0, Ni -1
during t,,; o

e the vectorh® contains zeros during,,, followed by (o) =

the_beginning of the corresponding spreading waveform Then, using (6), (7) and (8) led us to derive a blind

during Ts — ¢;,. synchronization criterion based on th&k@BENIUS Square
wheret,,, n=0,1,---, N — 1, represents the temporal shift Norm behaviour (FSNB) of (6) according to analysis win-
between an analysis window and the beginning of a wholelows shifts [1]-[3]. Nevertheless, theoretical analysis of the
symbol of each corresponding signal, as illustrated on Figextended FSNB-based criterion to the multiuser case, evidence

(8)

x modulo 1,x € R
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Figure 2. FSNB Criterion: case of the masking of synchronization Figure 3. MEVB Criterion in uplink, N} = 4
peaks, N! =4

. . ) of (6) can be rewritten as:
the performances degradation further to any increase in the

number of users and/or decrease of SNRs. N =2 —(df — 7) N =2—(df — Tns1)
Consequently, we developed a new blind synchronizatioﬁa) ANl =14(dy —7) (0) Mt =14 (df —Fns1)
scheme based no longer on the study of tRe BENIUS square " ’ "+ (11)
norm behaviour, but rather on each maximum eigennvalue For any analysis window shift; such thatr,, < d; < 7,41
behaviour (MEVB) with analysis window shifts, as detailed 3nqg for any usem, (11) (a) shows thaA’ decreases while
in section below. A, 1 increases, and conversly. Moreover, (11) (a) and (b) also
show that then*” user eigenvalue decreases starting from its
5 maximum value (synchronization peak) ity = 7,, while
The FRoBENIUS Square Norm of (6), denoteiR|[|7: is  that of the(n + 1) increases, and the values for which they
defined as: are equal are local minima. Hence, the MEVB-based criterion
Ni-1 is defined as the maximum value between two consecutive
IR|% = Z {2+ () + (M —N))oy (9  largest eigenvalues. Consequently, the MEVB-based criterion
n=0 is equivalent to the functiof’(d;) defined as:

IV. THEORETICAL ANALYSIS

Using (8) in (9), and only keeping the variable part of Clds) = A0 A1 —0.... Ni—1 (12
the result, allowed us to express the extended FSNB-based (d) rnggﬁxrnﬂ( mAngn) s =000 N (12)

criterion previously proposed in [1], and denoted héte Since eigenvalues are linear functions &f, the MEVB-

N, -1 based criterion (12) always presents maxima, thus synchro-
F(df)=1+ Z {{df — ) —(dy — )}  (10) nization peaks ini; = 7,, contrary to the extended FSNB-
n=0 based one, as shown on Fig. 3, with the same parameters that
Equation (10) is quadratic convex function in each inter-those on Fig. 2. Let us note that the MEVB-based criterion

val [r, 7as1[. The extended FSNB-based synchronization®@n easily be derived for downlink transmissions by setting

scheme consists in maximizing (9), which is equivalent to™» = 0, n=0,---, N, — 1 in all equations above.

find the criterion (10) maxima (synchronization peaks). Let us Hence, the discussion above highlights that, after synchro-
recall that a peak is a curve point from which while moving by nizing using the criterion (12) performances will be better than
lower or higher values, the curve is always decreasing. Frorfiose that will be obtained after synchronizing using the cri-
(7) and (8), synchronization peaks may be at poihts= T,,. teripn (.10), due to the Iack.of synchronization peaks masking
However, we proved that according to the choicerpf e.g. aS it will be shown in section VI. Once the synchronization
when two consecutive,, and 7,4, are very close, points at Process has been performed, sequences can be identified ant
ds = 7, are not synchronization peaks, as illustrated on Fig_the numbers of interfering users within the group detreminated
2, where:ry = 0, 7, = 0.0448, 75 = 0.068, 73 = 0.3853. as detailed in the following section.

Hence, this considerations led us to propose, as detaile%
here after, a new blind synchronization method based on the
maximum largest eigenvalue behaviour according to analysis
window shifts (MEVB). Since it was set? = 3 = 1, once one of the interfering

Without loss of generality, let us set7 = 3 = 1, and  users is synchronised, e.@s = 7, which corresponds to set
introduce (8) in (7). Thus, the consecutive largest eigenvalues, = 0, the correlation matrix becomes:

. SEQUENCES IDENTIFICATION AND NUMBER OF USERS
DETERMINATION
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Figure 4. Experimental MEVB-based criterion, SNR5dB, N = 4 Figure 5. Probability of synchronizing at least one usaf, = 4
Nul criteria with othe ince all schemes adressed in the literature
riteria wi IS, SI S S SS | Iteratur
* 070\ —1/ —1y* ,
=V 1-— (v, (v I . ..
R=vovi+ > {(1=an)vi(va)" +onvi (vi')'} + need prior knowledge of at least one transmission parameter.

n=1

(13) V1. SIMULATION RESULTS

Hence, still under the assumptions of almost uncorrelated Simulations were carried out in uplink with signals of
sequences, (13) highlights a maximum eigenvalue which ast70us, each of them spread by a complexo® sequence
sociated vector contains the corresponding spreading sequenaklength L = 127. The chip frequence wag, = 100 MHz,
(apart from the effects the global transmission filtef)yi —1)  the initial sampling frequence wal. = 300 MHz, the SNR
eigenvalues generated by the other users, ahd 2N! + 1 was —5dB at the detector input, i.e., only the MAI noise is
eigenvalues equal, on average, to the noise power. Then thi®nsidered. The initial number of windows was= 58, with
process is performed in an iterative way so as to getNlje a duration of550us, and the number of samples wa2768.
largest eigenvalues, which th€! associated vectors contain The symbols belong to & PSK constellation. The symbol
the corresponding spreading sequences. period is blindly estimed as described in [11] and Was=

Moreover, the number of interfering use¥$ within agroup  1.27us. So, it was setTr = T, and normalized arbitrary
is directly equal to the number of synchronization peaks. Imanalysis windows shifts at the beginning of the process was

addition, in the particular case of downlink, i®, =0, «,, = set: g = 0.3228, a; = 0.4226, ap = 0.7533, a3 = 0.9423.
a, n=0,1,---,N: — 1, when users are synchronized, i.e. Fig. 4 illustrates the experimental MEVB criterion curve and
a = 0, the correlation matrix becomes: evidences 4 synchronization peaks. Hence, there are 4 users
Ni_1 transmitting at this data rate, as expected.
- . Fig. 5 shows the probability of synchronizing at least one
R= Z;) VnVy 1 (14) user, i.e. the probability of detecting and estimating at least a

synchronization peak. It cleary confirms that this probability is
Hence, the correlation matrix (14) ha§ largest eigenval- higher when using the MEVB-based criterion than that when
ues andM — N! eigenvalues equal which associated vectorusing the FNSB-based one.
contains the corresponding spreading sequence (apart from theFig.6 highlights the performances in term of mean chip
effects the total transmission filter), and the others are owrror rate (MCER), i.e. the average ratio of the number of
average equal to the noise power. In this case, the numberroneous sequences chips on the total number of sequence:
of interfering users is equal to the number of the largesthips after synchronizing using either MEVB or FSNB criteria.
eigenvalues. It is shown that, after synchronizing using the MEVB-based
At last, linear algebra techniques described in [1]-[3] andcriterion, the MCER obtained is lower than this obtained
applied to the estimated eigenvectors, allow one to identifiafter synchronizing using the FSNB one, with a gain3of
sequences used at the transmiter side and to recover tran&B. Then, since the sequences lengthl2§, we can notice
mitted symbols. It is obvious that the synchronization processhat in average, only one chip at most is erroneous. Those
errors will be propagated to the sequences identification ancesults are very important since a non cooperative context
symbols recovering process. Hence, Section VI will focusss assumed here. Hence, once a synchronization has beer
on performances in term of mean chip error rate (MCER) angberformed through the MEVB criterion or the FSNB one, the
mean bit error rate (MBER) at the receiver after synchronizingCER is very low, even at very low SNRs, and it is the lowest
using both MEVB and FSNB criteria. We did not compare bothafter synchronizing using the MEVB criterion.
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Figure 7. Mean bit error rate for differents SNRS; = 4

Fig.7 shows the performances in term of mean bit erroperformances and available computational power.

rate (MBER). It clearly evidences very good performances
in term of MBER after synchronizing using both criteria and
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shown on Fig.6, after synchronizing using

the MEVB criteria, the MBER is the lowest, with a gain
of 2 dB. Typicaly, in some cooperative systems, the MBER
is about10~® which very close to one obtained here after

synchronization using the MEVB criterion at5 dB.

VII. CONCLUSION

(1]

(2]

In this paper, taking benefit of the blind multirate mul- [3]

tiuser detection scheme previously proposed in [11], led us

to develop and perform a new blind synchronization method 4]

based no longer on the study of thedBENIUS square norm

behaviour (FSNB) [1]-[3], but rather on the evolution of eigen-

values maxima with analysis window shifts, denoted MEVB 5]

(Maximum EigenValue Behaviour), whithin each group of

interfering users transmitting at the same data rate.

(6]
Indeed, theoretical analysis of the extended FSNB-based

criterion [1]-[3] to the multiuser case, evidence the perfor- [7]

mances degradation due to an increase of synchronization
peaks masking. We proved that the masking of synchronizatior[8
peaks is due to the definition of the FSNB-based criterion.
Then, we demonstrated that the MEVB-based citerion exhibits

better performances than the FSNB-based criterion due tqq,

the lack of synchronization peaks masking. Moreover, this
new method always allows the determination of the number
of interfering users transmitting at the same data rate, sinc
synchronization peaks are never masked, even at very low
[11]
Then we showed that, synchronizing using both criteria
allowed one to obtain very good peformances in terms of
mean chip and bit error rates, but the lowest rates were
obtained after synchronizing using the MEVB-based criterion,
in agreement with theoretical results. However, computation of
the FSNB criterion is faster. Consequently, the choice between
those two blind synchronization criteria depends on expected

SNRs.
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