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Abstract

In this paper we propose a new algorithm based on third order cumulants, for
MultiCarrier Code Division Multiple Access (MC-CDMA) system equalization. In order to
test its efficiency, we have compared with the (CUM-AZ) algorithm proposed in the literature,
for that we considered five practical frequency-selective fading channels, called Broadband
Radio Access Network (BRAN A, BRAN B, BRAN C, BRAN D, and BRAN E), normalized for
(MC-CDMA) system, excited by non-Gaussian sequences. In the part of (MC-CDMA), we use
the zero forcing (ZF) and the minimum mean square error (MMSE) equalizers techniques
after the channel identification to correct the channel’s distortion. The simulation results, in
noisy environment and for dif#rent signal to noise ratio (SNR), are presented to illustrate the
performance of the proposed algorithm.
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1. Introduction

During recent years, finite impulse response system identifcation based on Higher Order
Cumulants (HOC) of system output, has increasingly been emphasized [1, 2, 3]. In the
literature we have important results, established that blind identification of finite impulse
response (FIR) single-input single-output (SISO) communication channels is possible only
from the output second order statistics of the observed sequences [1]. But these approaches
are sufficient only to identify Gaussian processes with minimal phase [2-4]. Moreover, the
system to be identified has no minimum phase, excited by non Gaussian distribution input,
and is contaminated by a Gaussian noise [2, 3] where the autocorrelation function (second
order statistics) does not allow identifying the system correctly [2-4]. To overcome these
problems, another approach was proposed by several authors [5-9, 11, 12, 13].This approach
allow the resolution of the insoluble problems using the second order statistics.

In this paper, we will consider the problem of the identification of the Broadband Radio
Access Network Channel such as BRAN A, B, C, D and E, normalized by the European
Telecommunications Standards Institute (ETSI) [14] and [15], and downlink MC-CDMA
Equalization. The principle of MC-CDMA transmits a data symbol of a user simultaneously
on several narrowband sub-channels. These sub-channels are multiplied by the chips of the
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user-specific spreading code, Multi-carrier modulation is realized by using the low complex
OFDM operation. In most wireless environments, there are many obstacles in the channels,
such as buildings, mountains and walls between the transmitter and the receiver. Reflections
from these obstacles cause many different propagation paths. The problem encountered in
communication is the synchronization between the transmitter and the receiver, due to the
echoes and reflection between the transmitter and the receiver. Synchronization errors cause
loss of orthogonality among sub-carriers and considerably degrade the performance especially
when large number of subcarriers presents [19].

In this contribution, we propose an algorithm based, only, on third order cumulants. In
order to test its efficiency, we have compared with the Antari, et al., algorithm [6, 17]. The
simulation results show that the bit error rate (BER) performances of the downlink MC-
CDMA systems, using proposed algorithm (Algo3ZS) is more accurate compared with the
results obtained with the Antari, et al., (CUM_AZ) algorithm.

2. Problem Statement

The Broadband Radio Access Network channel output is modeled as the output of a FIR
system that is excited by an unobservable input and is corrupted at its output by an
additive white Gaussian noise (Figure 1).

x(k) BRAN Channel | Y® r(k)
’ (NMP) '? ’

n(k)

Figure 1. Channel model

The completely blind channel identification problem is to estimate h, based only on
the received signal r(k) and without any knowledge of the energy of the transmitted
data x (k) nor the energy of noise.

The output time series is described by

Noise free case:
q

y(k) = Y x(Ohtk = D). )
With noise: r (k) = y(k) + n(k). )

The principal assumptions made on the model can be presented as follows: The input
sequence, {x(k)}, is independent and identically distributed (i.i.d) zero mean, and non-
Gaussian. The system is causal truncated, i.e. h(k) =0fori < 0and i > g, where
h(0) = 1. The system order q is known. The measurement noise sequence {n(k)} is
assumed zero mean, Gaussian and independent of {x(k)} with unknown variance.

3. Proposed Algorithm: Algo3ZS

The m™ order cumulants of the {y(n)} can be expressed as a function of impulse response
coefficients {h(i)} as follows [5-7, 16, 17]:
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q
Cony (£ s 1) = Vi Y ARG + ) B+ ), 3)
i=0
where y,,,, represents the m*" order cumulants of the excitation signal {x(i)} at origin.

If m = 2, Eq. (3)yield to
q
Cay(®) = Vax )RR + D). @
i=0
The same, if m = 3, Eq. (3) becomes

q
Cay(t1,t2) = Vi ) RORG + ) h(i + 1) (5)
i=0

The Fourier transforms of the 2" and 3™ order cumulants are given respectively by the
following equations:

4 +o
S2y(@) = TF(Coy(O} = ¥2 ). D h(DAG + O exp(—jot) = YoH()H@), (6)
i=0t=—00
S3y (g, w;) = TF{C3y (t1, tz)] = Y3xH(—w;—wz)H(w1)H(wy). @)

If we suppose that w = (w1 + w,), Eq. (6) reduces:
Soy(w1 + w3) = ¥oxH(—w1 — wx)H(wq + ). €))

Then, from Egs. (7) and (8) we obtain the following equation

S3y (w1, wx)H(wq + w;) = uH(w1)H(w3)S,y (w1 + w3), €©))
with u = ;i
2Xx

The inverse Fourier transform of Eq. (9) demonstrates that the 3™ order cumulants, the
second order statistics (autocorrelation function) and the impulse response channel parameters
are combined by the following equation:

q q
Z Cay(ty — i, t; — DR() = .UZ h(Dh(t; —t; + i) Coy (t — ) (10)
i=0 =0

If we use the ACF property of the stationary process such as C5,,(t) # 0 only for
—q <t < g and vanishes elsewhere.

If we suppose that t; = 2q the Eq. (10) reduces:

q
> €320~ i,y = DR(D) = ph(@h(E, — 9) C2y @) (11)
i=0
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else, if we suppose that t, = 2q, Eq. (11) will become

Cay(q, Ph(q) = uh?(q)Cay (). (12)
Using Egs. (11) and (12) we obtain the following relation :

q
> Csy2a =ity = DA = Cay (@, D bt — @), (13)
i=0

else, if we suppose that the system is causal, i.e., h(i) = 0ifi < 0. So, fort, = gq,...,2q,
the system of Eq. (13) can be written in matrix form as:

C3y(2—1,g—1) = Cs(q,0) \ /h(l)\ / @~ C3,(24,q)
| C3y(2f1—1;Q)—05 C3y(q'1) Ix| k@) | =| _C3y(2‘?rQ+1) |
\ew@a-120-1  Cyaw-a) \nip) \ ~CoCaza )

(14)
where a = (3,,(q, q)
Or in more compact form, the Eq. (14) can be written as follows:
Mh =d, (15)

where M is the matrix of size (g + 1) X (q) elements, k(i) is a column vector constituted by
the unknown impulse response parameters h(i) : i = 1,...,q and d is a column vector of
size (q + 1) as indicated in the Eq. (15).

The least squares (LS) solution of the system of Eq. (15):
h=M"M)"'M"d (16)
4. Antari, et al., Algorithm: CUM_AZ [6, 17]

Antari, et al., [6, 17] demonstrate that the coefficients h(i) for an FIR system can be
obtained by the relationship, based on fourth order cumulants following:

q
Y Ciy@a =it~ i,2q ~ DAQ) = Bh(t; - @), (17)
i=0

Cay(q. 4, q)>2
———— ] (3,(q,0,0),
C4-y (q' q, 0) K 1

with t, = gq,...,2q

with § = <

In the same manner, in more compact form, the Eq. (17) can be written as follows:

Mh = d. (18)
The least squares solution, will be written under the following form
h=M"M)"M"d. (19)
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5. Equalization of MC-CDMA system

The multicarrier code division multiple access (MC-CDMA) system is based on the
combination of code division multiple access (CDMA) and orthogonal frequency division
multiplexing (OFDM) which is potentially robust to channel frequency selectivity.

5.1.M C-CDMA Transmitter

In the MC-CDMA modulator the complex symbol a; of each user i is, first,
multiplied by each chip c;, of spreading code, and then applied to the modulator of
multicarriers. The MC-CDMA emitted signal is given by

1 .
x(t) = — Z ajc; et (20)

=

where fi, = f; +k/T , Ny is the user number and N, is the number of subcarriers, and
C
we consider L, = Ny,

We suppose that the channel is time invariant and it’s impulse response is
characterized by P paths of magnitudes S, and phases 6,. So the impulse response is
given by

P-1
h(t) = Z ﬁpejep S(T - Tp) (21)

p=0

5.2.MC-CDMA Receiver
The downlink received MC-CDMA signal at the input receiver is given by the
following equation [5]:
L p—1Np~1Ny-1
. i k _
== % 3 Rfppelac,e D e, @2
VNP p=0 k=0 i=0
where n(t) is an additive white Gaussian noise.
The equalization goal, is to obtain a good estimation of the symbol a;. At the
reception, we demodulate the signal according the N,, subcarriers, and then we multiply

the received sequence by the code of the user. Figure 2 explains the single user-
detection principle.

Received
signal i o . a;
Equalization P Despreading ———p

Figure 2. Principle of the single user-detection

After the equalization and the spreading operation, the estimation @, of the emitted
user symbol a;, of the it" user can be written by the following equation
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Nu_le—l Np—l Nu—lNP_1
~ _ _ 2
a, = Z Z ¢iic(Grhicqraq + gini) = Z Cirgrhea; + z z CikCqk Ixhraq
q=0 k=0 k=0 q=0 k=0
I I (q#i)
Np-1
2
+ z Cik GrNk» (23)
k=0

111

where the term |, Il and Il of Eq. (23) are, respectively, the signal of the considered user, a
signals of the others users (multiple access interferences) and the noise pondered by the
equalization coeffcient and by spreading code of the chip.

5.3.Equalization for MC-CDMA

5.3.1 Zero forcing (ZF)

The principle of the ZF, is to completely cancel the distortions brought by the channel. The
gain factor of the ZF equalizer, is given by the equation:
- (24)
T Thy]

By that manner, each symbol is multiplied by a unit magnitude. So, the estimated received
symbol, @, of symbol a; of the user i is described by:

Np-1 Ny—1Np—1 Np—-1
1
a, = Z cfkai + 2 2 CikCqk Aq T Z ci,kh—nk (25)
k=0 q=0 k=0 k=0 k
I 1 (q#i) Jifi
If we suppose that the spreading code are orthogonal, i.e.,
Np—l
2 CikCqr =0Vi#q (26)
k=0
Eq. (25) will become
Np-1 Np-1
~ 2 1
a, = z Cix@i + z Cike 7T (27)
k
k=0 k=0

5.3.2Minimum Mean Square Error (MMSE)

The MMSE techniques minimize the mean square error for each subcarrier k between the
transmitted signal x; and the output detection

ellel?] = ellxk — gurkl?]- (28)

18 Copyright © 2014 SERSC



International Journal of Energy, Information and Communications
Vol.5, Issue 2 (2014)

The minimization of the function £[|¢|?], gives us the optimal equalizer coefficient, under the
minimization of the mean square error criterion, of each subcarrier as :

hi
Ik = ) 1’ (29)
hyl? +—
al? +
E||rihil?
where y;, = —IE“[IZRII(ZJ]'
Np—l Nu—lNP_l Np—l
_ s Ihl? | | ) hy
a, = i,k b 5 1 L+ Cikch b 5 1 + Cik b 5 1 le(30)
= +o = = = = +
k=0 Ikl Vi q=0 k=0 || Y k=0 |k| Vi
1 11 (q#i) 111

The same, if we suppose that the spreading code are orthogonal, Eq. (30) will reduces:

Np—l Np—l
. o |hgl? hy
a, = z Ci,kﬁai + Z Ci,kﬁnk- 31
- h|? +—=— - h|? +—
k=0 [l e k=0 [Ayl Ve

6. Simulation Results

In this section we consider the BRAN A, B, C, D, and E model representing the
fading radio channels, the data corresponding to this model are measured for
multicarrier code division multiple access (MC-CDMA) systems. The following
equation describes the impulse response h(k) of BRAN radio channel:

Nt
h(lk) = z A, 8(k — 1)), (32)
i=0

Thus, the BRAN channels is constituted by N = 18 parameters and seeing that the latest
parameters are very small. So, in order to estimates the parameters constituting the BRAN
channels impulse response, we have taking the following procedure:

o We decompose the BRAN channel impulse response into four sub-channel as follow:

3
h(k) = z h; (k). (33)
=1

o \We estimate the parameters of each sub-channel independently, we add all sub channel
parameters, to construct the full BRAN channels impulse response.

6.1.Bran A radio channel

In Table 1 we have summarized the values corresponding the BRAN A radio channel
impulse response
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Table 1. Delay and magnitudes of 18 targets of BRAN A channel

Delay t;[ns] | Mag.A;[dB] | Delay t;[ns] | Mag.A;[dB]
0 0.0 90 -7.8
10 -0.9 110 —4.7
20 -1.7 140 -7.3
30 —2.6 170 -9.9
40 -3.5 200 -12.5
50 —4.3 240 —13.7
60 —5.2 290 -18
70 —6.1 340 —22.4
80 —6.9 390 —26.7

In time domain we have represented the BRAN A channel impulse response parameters
using proposed algorithm (Algo3ZS), compared with the results obtained with the Antari, et
al., (CUM_AZ) algorithm (Figure 3).

Samples of the magnitude impulse response

1.2

Time in (ns)

T T
—@ True(BRAN A)
—H8l Estimated using Algo3ZS
il 'n —¥ Estimated using CUM-AZ
0.8 a & o
vy H
0.6 A 4 g
04 5% I
; f ° -
0.2 3
\ 4 ¥
0 ]
-0.2
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Figure 3. Estimated of the BRAN A channel impulse response, for an SNR =
16 dB and a data length N=4800

From the Figure 3 we ca can conclude that the estimated BRAN A channel impulse
response are very closed to the true ones, than those obtained by the Antari, et al.,
(CUM_AZ) principally for high data length (N = 4800), and for SNR = 16 dB.

In the following figure (Figure 4) we have represented the estimated magnitude and phase
of the impulse response BRAN A using all target, for an data length N = 4800 and SNR=20
dB, obtained using proposed algorithm (Algo3ZS), compared with the (CUM_AZ) algorithm.

20
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Figure 4. Estimated of the BRAN A channel impulse response using all target,
for an SNR = 20 dB and a data length N=4800

From the Figure 4, we remark that the magnitude and phase estimations using proposed
algorithm (Algo3ZS), have the same allure comparatively to the true ones, than those
obtained by the Antari, et al.,, (CUM_AZ) algorithm, we have a difference between the
estimated and the measured ones.

6.2. Bran B radio channel

In Table 2 we have represented the values corresponding to the BRAN B radio channel
impulse response.

Table 2. delay and magnitudes of 18 targets of bran B channel

Delay ti[ns]| | Mag. A;[dB] | Delay 7;[ns] | Mag. A;[dB]
0 —-2.6 230 —-5.6
10 -3.0 280 -7.7
20 -3.5 330 -9.9
30 -3.9 380 —-12.1
50 0.0 430 —-14.3
80 —-1.3 490 —15.4
110 —-2.6 560 —-18.4
140 -3.9 640 —-20.7
180 —-3.4 730 —24.6

In time domain we have represented the BRAN B channel impulse response parameters
using proposed algorithm (Algo3ZS), compared with the results obtained with the Antari, et
al., (CUM_AZ) algorithm (Figure 5).
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Figure 5. Estimated of the BRAN B channel impulse response, for an SNR =
16 dB and a data length N=4800

From Figure 5, we can conclude that the proposed algorithm (Algo3ZS) give us a good
estimation for all parameters of BRAN B radio channel impulse response, compared with the
results obtained by the (CUM_AZ) algorithm.

In the following figure (Figure 6) we have represented the estimated magnitude and phase
of the impulse response BRAN B using all target, for an data length N = 4800 and SNR=20
dB, obtained using proposed algorithm (Algo3ZS), compared with the (CUM_AZ) algorithm.
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Figure 6. Estimated of the BRAN B channel impulse response using all target,
for an SNR = 20 dB and a data length N=4800
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From the Figure 6 we observe that the estimated magnitude and phase, using proposed
algorithm (Algo3ZS) are the same allure and we have not more difference between the
estimated and the true ones, than those obtained by the (CUM_AZ) algorithm we remark a
difference between the estimated and the measured ones.

6.3. Bran C radio channel

In Table 3 we have represented the values corresponding to the BRAN C radio channel

impulse response

Table 3. Delay and magnitudes of 18 targets of bran C channel

Delay t[ns] | Mag. A;[dB] | Delay ti[ns] | Mag. A;[dB]

0 -3.3 230 -3.0

10 -3.6 280 —4.4
20 -39 330 -5.9

30 —4.2 400 —5.3

50 0.0 490 -7.9
80 -0.9 600 -9.4
110 -1.7 730 -13.2
140 —2.6 880 -16.3
180 -1.5 1050 —21.2

In time domain we have represented the BRAN C channel impulse response parameters
using proposed algorithm (Algo3ZS), compared with the results obtained with the Antari, et
al., (CUM_AZ) algorithm (Figure 7).
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Figure 7. Estimated of the BRAN C channel impulse response, for an SNR =
16 dB and a data length N=4800

From the figure (Figure 7) we have approximately the same allure of the estimated and the
true ones, using proposed algorithm (Algo3ZS), compared with the results obtained with the
(CUM_AZ) algorithm we remark a difference between the estimated and the measured ones.
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In the following figure (Figure 8) we have represented the estimated magnitude and phase
of the impulse response BRAN C using all target, for an data length N = 4800 and SNR=20
dB, obtained using proposed algorithm (Algo3ZS), compared with the (CUM_AZ) algorithm.
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Figure 8. Estimated of the BRAN C channel impulse response using all target,
for an SNR = 20 dB and a data length N=4800

From the Figure 8 we observe that the estimated magnitude will be more closed to the true
ones using (Algo3ZS), but using (CUM_AZ) we remark a minor difference between the
estimated magnitude and the measured ones. Now we have estimated the phase of BRAN C
channel impulse response.We remak an apparent progress of the phase estimation, more
closed to the true ones, using Algo3ZS, but using (CUM_AZ) we remark a more difference
between the estimated phase and the measured ones.

1. Bran D radio channel

In Table 4 we have represented the values corresponding to the BRAN D radio channel
impulse response.

Table 4. delay and magnitudes of 18 targets of bran D channel

24

Delay ti[ns] | Mag. A;[dB] | Delay t;[ns] | Mag. A;[dB]
0 0.0 230 -9.4
10 -10.0 280 -10.8
20 -10.3 330 —-12.3
30 —10.6 400 -11.7
50 —6.4 490 —14.3
80 -7.2 600 -15.8
110 -8.1 730 -19.6
140 -9.0 880 —22.7
180 =79 1050 —27.6
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In time domain we have represented the BRAN D channel impulse response parameters
using proposed algorithm (Algo3ZS), compared with the results obtained with the Antari, et
al., (CUM_AZ) algorithm (Figure 9).
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Figure 9. Estimated of the BRAN D channel impulse response, for an SNR =
16 dB and a data length N=4800

From Figure 9, we can conclude that the algorithm (Algo3ZS) give us a good estimation
for all parameters of BRAN D radio channel impulse response, than those obtained by the
(CUM_AZ) algorithm.

In the following figure (figure 10) we have represented the estimated magnitude and phase
of the impulse response BRAN D using all target, for an data length N = 4800 and SNR=16
dB, obtained using proposed algorithm (Algo3ZS), compared with the (CUM_AZ) algorithm.
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Figure 10. Estimated of the BRAN D channel impulse response using all target,
for an SNR = 16 dB and a data length N=4800
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From the Figure 10 we observe that the estimated magnitude and phase will be more closed
to the true ones using (Algo3ZS), but using (CUM_AZ) we remark more difference between
the estimated (magnitude and phase) and the measured ones.

2. Bran E radio channel

In Table 5 we have represented the values corresponding to the BRAN E radio channel

impulse response.

Table 5. delay and magnitudes of 18 targets of bran E channel

Delay tj[ns] | Mag. A;[dB] | Delay t;[ns] | Mag. A;[dB]
0 —-4.9 320 0.0
10 —5.1 430 -1.9
20 —5.2 560 —2.8
40 -0.8 710 —5.4
70 -1.3 880 -7.3
100 -1.9 1070 -10.6
140 -0.3 1280 —-13.4
190 -1.2 1510 -17.4
240 —2.1 1760 —20.9

In time domain we have represented the BRAN E channel impulse response parameters
using proposed algorithm (Algo3ZS), compared with the results obtained with the Antari et al
(CUM_AZ) algorithm (Figure 11).
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Figure 11. Estimated of the BRAN E channel impulse response, for an SNR =
16 dB and a data length N=4800
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From the Figure 11, we remark that the estimated using proposed algorithm (Algo3ZS),
have the same allure comparatively to the true ones, than those obtained by (CUM_AZ)
algorithm, we have a minor difference between the estimated and the measured ones.

In the following figure (Figure 12) we have represented the estimated magnitude and phase
of the impulse response BRAN E using all target, for an data length N = 4800 and SNR=20
dB, obtained using proposed algorithm (Algo3ZS), compared with the (CUM_AZ) algorithm.
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Figure 12. Estimated of the BRAN E channel impulse response using all target,
for an SNR = 20 dB and a data length N=4800

From the Figure 12 we observe that the estimated phase, using proposed algorithm
(Algo3ZS) are close to the true ones, than those obtained by the (CUM_AZ) algorithm we
remark more difference between the estimated phase and the measured ones. This is because
the BRAN E impulse response have more fluctuations.

7. Application: MC-CDMA system performance

In this section we used the Minimum Mean Square Error, (MMSE) and zero forcing
(ZF) equalizers for MC-CDMA. The results are evaluated for different values of SNR.

7.1. ZF and MMSE Equalizers: Case of BRAN A Channel

In Figure 13, we represent the BER, obtained using the ZF equalizer, for different SNR,
using proposed algorithm (Algo3ZS), compared with the (CUM_AZ) algorithm
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Figure 13. BER of the estimated and measured BRAN A channel using the ZF
equalizer

Figure 14 represents the BER, obtained using MMSE equalizer, for different SNR, using
proposed algorithm (Algo3ZS), compared with the (CUM_AZ) algorithm.

BIT ERROR RATE FOR MC-CDMA (DOWNLINK): BRAN A - MMSE
10

L =

5 \\ AN ﬁ\
)
N\ \
3 N\
10 N S5
\
AN
AN
L
10*

—©— MMSE: True channel (BRAN A)
—¥— MMSE: Blind channel estimation using Algo3ZS
—H&— MMSE: Blind channel estimation using CUM-AZ
10' T T T T T T
4 6 8 10 12 14 16 18 20 22 24
SNR (dB)

[

Figure 14. BER of the estimated and measured BRAN A channel using the
MMSE equalizer

The BER simulation for different SNR, demonstrates that the estimated values by the
(Algo3ZS) algorithm are more close to the measured value than those estimated by
(CUM_AZ) algorithm for ZF and MMSE equalization. From the Figure 13 and 14, we
conclude that: if the SNR=24 dB we have 1 bit error occurred when we receive 10° bit using
(CUM_AZ), but using (Algo3ZS) we obtain only one bit error for 10* bit received.
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7.2. ZF and MMSE Equalizers: Case of BRAN B Channel

In Figure 15, we represent the BER for different SNR, obtained using proposed algorithm
(Algo3ZS), compared with the (CUM_AZ) algorithm, but the equalization is performed using
the ZF equalizer.
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Figure 15. BER of the estimated and measured BRAN B channel using the ZF
equalizer

From the Figure 15, we observe that the blind ZF equalization give us approximately the
same results obtained by the measured BRAN B values using Algo3ZS, than those obtained
by (CUM_AZ) algorithm, we have a difference between the estimated and the measured ones.

Using the MMSE equalizer we represents, Figure 16, the BER for different SNR, obtained
using proposed algorithm (Algo3ZS), compared with the (CUM_AZ) algorithm.
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Figure 16. BER of the estimated and measured BRAN B channel using the
MMSE equalizer
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From the Figure 16, we remark that the MMSE equalization using proposed algorithm
(Algo3ZS), have the same allure comparatively to the true ones, than those obtained by
(CUM_AZ) algorithm, thus, if the SNR=24 dB, we observe that 1 bit error occurred when we
receive, approximately, 10° bit with the (CUM_AZ), but using (Algo3ZS) we obtain only one
bit error for 10 bit received.

7.3. ZF and MMSE Equalizers: Case of BRAN C Channel

In Figure 17, we represent, using the ZF equalizer technique, the BER for different SNR,
obtained using proposed algorithm (Algo3ZS), compared with the (CUM_AZ) algorithm.
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Figure 17. BER of the estimated and measured BRAN C channel using the ZF
equalizer

Figure 18 represents the BER for different SNR, obtained using proposed algorithm
(Algo3ZS), compared with the (CUM_AZ) algorithm, but the equalization is performed using
the MMSE equalizer.
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Figure 18. BER of the estimated and measured BRAN C channel using the
MMSE equalizer
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From Figure 18, we conclude that: if the SNR values are superior to 24 dB we have a BER
than 10 with the (CUM_AZ), but using the (Algo3ZS) we have only the BER than 107,
principally if we use the MMSE equalizer.

7.4. ZF and MMSE Equalizers: Case of BRAN D Channel

In Figure 19, we represent the BER for different SNR, obtained using proposed algorithm
(Algo3ZS), compared with the (CUM_AZ) algorithm, but the equalization is performed using
the ZF equalizer.
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Figure 19. BER of the estimated and measured BRAN D channel using the ZF
equalizer

Figure 19 demonstrates that the proposed algorithm (Algo3ZS) more accurate than those
Antari et al (CUM_AZ), So, if the SNR=20 dB, we observe that 1 bit error occurred when we
receive 10? bit with the (CUM_AZ), but using (Algo3ZS) we obtain only one bit error for 10°
bit received.

Figure 20 represents the BER for different SNR, obtained using proposed algorithm
(Algo3ZS), compared with the (CUM_AZ) algorithm, but the equalization exploiting the
MMSE equalizer.
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Figure 20. BER of the estimated and measured BRAN D channel using the
MMSE equalizer

Figure 20 demonstrates clearly that the estimated values by the first algorithm (Algo3ZS)
are more close to the measured value than those estimated by second algorithm (CUM_AZ),
thus, if the SNR=20 dB, we observe that 1 bit error occurred when we receive 10° bit with the
(CUM_AZ), but using (Algo3ZS) we obtain only one bit error for 10* bit received.

7.5. ZF and MMSE Equalizers: Case of BRAN E Channel

In Figure 21, we represent the BER for different SNR, obtained using proposed algorithm
(Algo3ZS), compared with the (CUM_AZ) algorithm, but the equalization is performed using
the ZF equalizer.

BIT ERROR RATE FOR MC-CDMA (DOWNLINK): BRAN E - Zero Forcing
10

.
i
T

$+\5

\6\
10" . \
@ |
@ \
10? \ N
\ o
N\
AN
N\
[| —©— zF: True channel (BRAN E) o
[| =¥ zF: Blind channel estimation using Algo3ZS
s —&— ZF: Blind channel estimation using CUM-AZ
10' T T T T T
4 6 8 10 12 14 16 18 20 22 24

SNR (dB)

Figure 21. BER of the estimated and measured BRAN E channel using the ZF
equalizer
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Figure 22 represents the BER for different SNR, obtained using proposed algorithm
(Algo3ZS), compared with the (CUM_AZ) algorithm, but the equalization is performed using
the MMSE equalizer.

BIT ERROR RATE FOR MC-CDMA (DOWNLINK): BRAN E - MMSE

Ny o'\

10° \
ﬁ\ N

i AN AN
o \\

= \. AN

S -
\\
10*

—©— MMSE: True channel (BRAN E)

—%— MMSE: Blind channel estimation using Algo3ZS
—HB— MMSE: Blind channel estimation using CUM-AZ
lo' T T T T T T

4 6 8 10 12 14 16 18 20 22 24
SNR (dB)

T T

Figure 22. BER of the estimated and measured BRAN E channel using the
MMSE equalizer

From the figure 22 we can conclude that the BER obtained using (Algo3ZS) gives a very
good results like these obtained by (CUM_AZ). If the SNR = 24 dB we have a BER less
than 1073 using (Algo3ZS), but using the (CUM_AZ) we have only the BER less than 1072,
In conclusion, for all channels the MMSE equalizer best than the ZF technique.

8. Conclusion

In this paper we have proposed an new algorithm (Algo3ZS) based on third order
cumulants, compared with the Antari et al algorithm (CUM_AZ), to identify the
parameters of the impulse response of the frequency selective channel such as the
experimental channels, BRAN A, BRAN B, BRAN C, BRAN D, and BRAN E,
normalized for MC-CDMA systems. The simulation results show the efficiency of the
proposed algorithm (Algo3ZS) than those obtained using (CUM_AZ), mainly if the
input data are sufficient. The magnitude and phase of the impulse response is estimated
with an acceptable precision in noisy environment principally if we use the first
algorithm (Algo3ZS). In part of five experimental channels for MC-CDMA systems
application, we have obtained very important results on bit error rate using the proposed
algorithm (Algo3ZS), than those obtained by (CUM_AZ) algorithm.
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