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Abstract—The third generation (3G) of cellular system adopted
the spread spectrum as solution for the transmission of the data in the
physical layer. Contrary to systems IS-95 or CDMAOne (systems
with spread spectrum of the preceding generation), the new standard,
called Universal Mobil Telecommunications System (UMTS), uses
long codes in the down link. The system is conceived for the vocal
communication and the transmission of the data. In particular, the
down link is very important, because of the asymmetrical request of
the data, i.e., more remote loading towards the mobiles than towards
the basic station. Moreover, the UMTS uses for the down link an
orthogonal spreading out with a variable factor of spreading out
(OVSF for Orthogonal Variable Spreading Factor). This
characteristic makes it possible to increase the flow of data of one or
more users by reducing their factor of spreading out without
changing the factor of spreading out of other users. In the current
standard of the UMTS, two techniques to increase the performances
of the down link were proposed, the diversity of sending antenna and
the codes space-time. These two techniques fight only fainding. The
receiver proposed for the mobil station is the RAKE, but one can
imagine a receiver more sophisticated, able to reduce the interference
between users and the impact of the coloured noise and interferences
to narrow band. In this context, where the users have long codes
synchronized with variable factor of spreading out and ignorance by
the mobile of the other active codes/users, the use of the sequences of
code pseudo-noises different lengths is presented in the form of one
of the most appropriate solutions.

Keywords—DS-CDMA, multiple access interference, ratio
Signal / interference + Noise.

I. INTRODUCTION

HE reason of this work comes from the request always

growing on the frequency spectrum, as much for the
wireless telephony that for the networks. This request on the
spectrum comes from new applications, like the video high
definition, which asks for very high rates of data transmission,
up to 100 Mbits/s. The other factor which contributes to this
increase in demand is the growing number of users who want
to reach the frequency spectrum. Born after the Second World
War, the transmissions implementing the spread spectrum,
direct sequence DS-CDMA, were limited to the military
applications which thus made profitable inherent discretion
and the robustness in this kind of communication. They
recently experienced a very great development in many civil
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fields, in particular for mobile telephony - with the
standardization of the UMTS which succeeds the GSM. In this
case, they are the possibilities of transmission of several
signals in the same or reception frequency band with
minimum of interferences and use of a broader frequency
band which are thus exploited.

That is not without disadvantage, being given that with the
significant number of simultaneous transmission, that one
attends interference between the various users. A way of
improving the effectiveness would be to allow the users who
do not need a so high rate of transmission (images
applications only, voice or data) to transmit in the same
bandwidth but rate (binary) slower.

That would enable us to adapt much more simultaneous
users, and fact of improving the effectiveness of use of the
spectrum and of reducing the interferences. The method that
we propose to make a success of that is the use of the
sequences of codes pseudo noises lengths different or CDMA
at multiple rates.

II. FORMALISME: CASE OF THE CDMA AT SINGLE RATE

A. Context

In our system DS/CDMA [1] we use the phase modulation
(BPSK) with sequences of fascinating bipolar codes pseudo

noise of the values of the whole {i 1} for spectral spreading
out. Each user is independent one of the other. The signal
transmitted by the K™

s, (D) =+2Pa, (Db, (t) cos(a,t + 6,) [2]

user is:

E
where P =?b is the average power @, (t)and b, (t) are

respectively impulses rectangular of duration Tc, which
represents the sequence of codes which spreads out the
spectrum of the data and duration T, which take values of the

unit {i 1}. The term @, is carrying, 6, the initial dephasing
of the signal, T and Tc durations respective of the impulses of

data and chips such as T = NTc with N the period (length) of
the sequence. The trains of impulses are defined as follows:
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Fig. 1 Model of reception CDMA [2]

and

a (=Y a'P, (t-iT,)

|=—00
+00
(€)) : . (1 Q)]
b, (t) = Z bk Pr(t—JT) with g, and bk value
j=—o
in {i 1}; and rectangular impulse height 1 and duration Tc and

T respectively. The received signal, by considering that the
channel is modelled as being a white vibration Gaussian of
null AWGN average is:

rt) :V\(t)+i Epak(t—Tk)bK(t—rk)cos(z)ct+Q()where W

(t) is a AWGN of null average with a spectral concentration of
power N 0 /2, K is the number of active users, and T, is the

relative time between the received signal and the beginning of
the sequence of die-spreading out with the receiver. The initial

times 7, and dephasings 6, are modelled like independent
random variables [3] uniformly distributed on [0, T] and
[0,27 ] respectively; by considering that the receiver used is
a filter adapted then the exit of receiver X:
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Filtre adapté = e s R
séquence 1 - b, (t)
|4 Filtre adapté N = L 6, t)
séquence 2 -
r(t —— : : f
)

Filtre adapté ‘-_-‘:- i bk (t)
séquence k
T

isZ, = j r(t)a, (t)cos(w,t)dt where a, (t) is the
0

sequence of  address code of  receiver  X:

T K
Zy = [ )+ Y V2Pay (t-aby (t-7) cosiart + 6 ey () costartt
0 k=1

Z, =[wa, tcostatidt +
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By dividing the expression of the exit of the receiver into
three parts then by supposing that the desired signal
corresponds to the user K = x = 1 and that the receiver is
synchronized perfectly with the desired signal (i.e

6, =0=r1,), then we have:
T
For the Noise W, = j w(t)a, (t)cos(a,t)dt
0
For the Signal
T K
5, = j O V2Pa, ()b (t) cos@t)a, (t) cose,)dt where
0 k=

bl(o) is the received bit. For the Interference (MAI)

| =] 2 2Pa, (-5 (17 )costat+ ) O cosa it

Our study will relate primarily to the interference MAI.

B. Study of the Interference MAI

T

K
=] O V2P, -5 b, (t—7 ) costat-+6 Rt costat) kit
0 k=2

and the equation opposite is that which represents the
interference caused by the other active users. By supposing

that for the relative times7,, one poses that one has
thencos ¢, =cos(2w,7, + 6, )+ cos b, , from where the

[(1)°] ie.

variance of this term is worth: var [|,] = E

i1 1-Y, S @ E-mht-n)a0
x E[cos(¢k)2],
var(| z E[(j @t-ght-g)a®yl,  for

sequences at single rate (of the same period), it was shown
PT?
that var[l, ] = VE Z Mex [4], Ty, being the parameter

of average 1nterference, it allows an estimate of the
contribution of the interference (MAI) in the Signal
report/ratio on interference + Bruit (SNIR) of system CDMA

1
SNIR =
K-1 1
+7
3N SNR

SNR the Signal-to-noise report/ratio when only one user is
present and it term (k-1)/3N is the contribution of MAI in the
SNIR has the exit of the receiver. It is thus the reference index

defined as follows: [5][6] with
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which we will use to evaluate the performance of the
sequences of codes pseudo-noises different lengths (multiple
rates). The MAI term is that which will be affected by the
addition of dimension multiple rates to our system. MAI is a
function of the codes used for spectral spreading out,
especially their characteristics of intra-correlation and inte-
rcorrelation. The MAI term, when many users are present, is
the prevalent term compared to the SNR (in the SNIR). The
choice of the sequences of codes used thus becomes very
important for the maximization of the performance of the
network.

II. PERFOMANCE OF DIFFERENT LENGTHS OF THE SEQUENCES
PSEUDO NOISE CODES

The signal transmitted becomes

Si (1) = /2P, a (Db (V) cos(a t + ;) with g (1)
from duration T, and b, (t)duration T, and period N;,
user k of under system i, and E, = P T, = PjTJ- ,

power of the signal is different for each rate from data

the average

transmission in order to keep constant energy by symbol E,

[7]. Under system made up of of the same sequences length is
a unit thus correspondent with a precise application. The

P K|
received signal is form r(t) = w(t) + Z Z Sy (t—17,T)

i=1 k=1

P K
ro)=w) +Zz \/lei)aik(t ~Ti bt )cosft+6 ) where

il k=l
Ki, represent the number of users in subsystem i, P is the

number of under system present. Thus the exit of the receiver

h of the subsystem Js is form
T

Zy = I r(t)a;, (t) cos(a t)dt the MAI term is following
0

it while supposing that the receiver is synchronized perfectly

on the desired signal ie. ik = jh and 6, =0=7,

D, - 7By ) costrt 6,2, Deoso )t

\/7.[ (- k)blk(t_z-ik)ajh(t)cos(ﬂ,k)dt for
J

ik # jh

-1 R
var[;, ]=H(l jh)z]: 7EI E[(COWk)Z]Eqk,rjh[Jii] where
i=l k=1 j i

]

i = at—7)b (t =7y )a;, (Hdt with

o t—my\

K

(5

k=l

Pa (t—z), (t—7)cost +6, )ay (f)costat) Mt
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Ty )@, (Ddt function of inter-

t
Rik,jh (t1 :tz) = J. Ay (t -
t

correlation partielle [8]. From where
e 1P
var[l , ]=E[(I = —E J ith
[ Jh] [( Jh) ] Iz:ll st ZTJZ P U [ Ik] Wi
T 3
Ebik Tik [(‘] ik )2] = 3.;:_I I thus

P& 1 P(T;
Var[l ,h ) Z : fix
Pj 3T,

iol k=1
knowing that T; =N;T, and T;=N;T and that
Pi _TJ'
P, T
Y )
then var[l , 1= E[(l ,,)*]= th
en [ jh] [( Jh) ] §k=16N N ¢

variance of MAI, which is a value standardlzed on the average
power of the signal, can then be inserted in the ratio
Signal/Noise + Interference (SNIR).

SNIR

Consequently multirate = 1 this

+
varf(| in] SNR

report/ratio is all the more important as it’s denominator is
small (negligible) i.e. the variance is thus a function of the

and N; sequence of code

parameter I, and lengths N,

pseudo-noise. I}, being the parameter of average interference

for under system i then it is enough to make an estimate by
simulation to define an interval acceptable for better an
effectiveness of the network of this parameter according to
under system and finally the variability the lengths of the
sequences of code would allow better a minimization of the
variance and then to improve it.

III. CONCLUSION
This it works arises that the different sequences of code
pseudo-noise length can allow an optimization of network
CDMA by carrying out a differentiation of the signals and
reducing the possible interferences between users.
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