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Abstract

In Multi-Carrier Code Division Multiple Access (MC-CDMA) method, multiuser
detection in fading channel scenario is a major challenge. The scope of this work is to
design a multiuser detection technique using Parallel Interference Cancellation (PIC)
with Artificial Neural Network (ANN) for multiple access interference mitigation. MC-
CDMA with equalization has become popular because it is able to offer better
performance than conventional system in frequency selective fading channel. In this
paper, performance of PIC with maximum likelihood (ML) equalization is analyzed. For
optimizing the output of PIC and reducing the Bit Error Rate (BER) an artificial neural
network is used. Feed forward multilayer perceptron model is applied in our proposed
method. Simulation results prove that proposed combination of Artificial Neural Network
and Parallel Interference Cancellation technique has better multi access interference
(MATI) mitigation strength than PIC with ML equalizer.

Keyword: Artificial, interference, CDMA, multi-carrier, multiple access, likelihood,
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1. Introduction

In today’s mobile telecom era users demand higher speed of data transfer along with
voice; to match such demands larger bandwidth is required to accommodate voice and
data. The different impairments affecting the capacity and high data rate include delay
spread, multipath fading and Multiple Access Interference (MAI). In multi access
techniques many users can share the same bandwidth efficiently. One of the multi access
technique known as Code Division Multi Access (CDMA) is more popular in comparison
to other techniques for its better performance in terms of capacity, more number of users,
system security and coverage [1]. In CDMA, every user uses a different code to use same
bandwidth. MAI and multi path interference, limit the capacity of wireless systems. To
avoid MAI, the codes used in CDMA systems must have low or zero cross correlation.
Orthogonal Complementary Code (OCC) is also introduced which have zero auto
correlation and absolute zero cross-correlation. OCC performs much better in multiple
users’ scenario [2].

An interference free multi carrier transmission is possible by choosing mutually
orthogonal sub carriers. But in the wireless scenario it is difficult to maintain
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orthogonality of the sub carriers. Hence, at the receiver side multiple access interference
occurs which limits the capacity of MC-CDMA systems [3]. The MC-CDMA transmitter
spreads the data in the frequency domain over different subcarriers using a given
spreading code. For downlink mobile radio communication channel, the application of
orthogonal codes such as complementary codes ensure the absence of Multiple Access
Interference (MAI) in a Gaussian channel. However, in a frequency selective fading
channel, all the subcarriers have different amplitude levels and different phase shifts
which results in a loss of the orthogonality among users and therefore generates MAI [4].
After applying Fast Fourier Transformation (FFT) the received sequence must be
equalized by using one equalizer per subcarrier. To combat the MAI, various basic
equalization techniques such as Maximum Likelihood (ML), Maximum Ratio Combining
(MRC), Equal Gain Combining (EGC), Orthogonal Restoring Combining (ORC) or
Minimum Mean Square Error (MMSE) may be used [5]. In this work Maximum
Likelihood Equalization is applied independently on each subcarrier. ML equalizer
provides near optimum value and has high error detection and correction ability. It
provides better recovery of data than MMSE and Zero Forcing (ZF) equalizer [6].

MAI can occur due to any one user is insignificant but as the number of interfering
users increases multi access interference becomes significant [7]. A conventional detector
does not consider existence of MAI. Later, Single User Detection (SUD) techniques are
evolved in which each user is detected individually irrespective of other users [8].
However, due to interference amongst users, Multi User Detection (MUD) is a better
technique. In MUD, multiple users’ information is used jointly for improved detection of
individual user. The main motive of MUD is to search the ways to process output of
matched filter so that the transmitted bit can be detected precisely. MUD technique can be
divided into two categories such as optimal and sub optimal. In optimal decoding
technique comparison of the received sequence with all the possible code sequences is
performed. Maximum likelihood (ML) performance can be achieved. In ML detection
when the number of users increases substantially system becomes more complex [9]. This
reason led to development of sub optimum detectors. There are two types of sub optimal
techniques, linear detectors and nonlinear detector. Linear detectors are further divided
into Minimum Mean Squared Error and de-correlating detector. Nonlinear detector can be
classified as Successive Interference Cancellation (SIC) and Parallel Interference
Cancellation (PIC). SIC is applied in multiple stages in which it cancels serially the output
of matched filter. PIC cancels all the estimated signals of users from the combined signal
received [10].PIC also works in multistage like SIC but residual error obtained in each
stage is subtracted in next stage and this process continues till there is no error found [11].

In this paper, the focus is on enhancing the output of complementary coded MC-
CDMA system by decreasing MAI under nakagami fading channels. PIC with ML
equalizer is proposed for obtaining interference free performance in complementary coded
MC-CDMA. The performance of BER can be improved by using multilayer perceptron
model which has three layers such as input layer, a middle layer known as hidden layer
and last as output layer. A Neural Network model is made up of neurons which are
interconnected. These neurons pass information and exchange message to each other.
Particular numerical weights are assigned to each connection which can be changed to get
the desired output depending upon the application [12][13]. The multilayer perceptron
model is described in Figure 1. Learning ability is a key component of neural networks.
So, with help of learning algorithm a neural network can be trained, modify its weight for
a particular output. This goal of this work is to provide an efficient MUD technique using
combination of PIC and Artificial Neural Network.
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Figure 1. Multi-layer Perceptron Model
The rest of the paper is organized as follows: in Section 2, system model of MC
CDMA is described. Section 3 provides description of MAI mitigation techniques such as

PIC with ML equalizer and PIC with ANN. In section 4 simulation of the results and
analysis are done and finally section 5 concludes the paper.

2. System Model

2.1. Transmitter Section of MC-CDMA
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Figure 2. Block Diagram of MC-CDMA

Figure 2 describes the overall MC-CDMA communication system. At transmitter side
in MC-CDMA if the numbers of users are K, after performing baseband modulation, k"
user information is represented as ax (t). Thus modulated symbols are spread with group
of element codes represented as:

c= e, e, €T, (1)Where, Kis 1,2,... K andn=1,2,.....N,

In the above equation C™ represents code and C;k} represents corresponding element

code respectively. K in this equation shows number of users and flock size N is the
number of element codes used by the same user.
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In MC-CDMA the data matrix of user k after spread is represented as:

r €3] 'k} 5%
ey Oy iz Cy akﬁicl
} 'k} 'k}
} Ik} 'k}
a,,C. Q2 Cg C,
s(k) = | B S R )
|k::| |k::| |k::|

In the above matrix [axi, akz. ..., akn] represents the data which corresponds to the user k
and user’s data has been sent along the multiple carriers to the receiver side. Equation 2
represents the reason of various side lobes at the time of autocorrelation among individual
element codes. For two different codes sum of correlation between N elements sequences
is zero. The data ax(t) spread with N element codes followed by subcarrier modulation is
denoted as

SE@) = PN a (DO ()@ oo 3)

Where, P=Ep/(NTs) and Ty = LcTe. Ty is the chip interval and e7®" represents the
subcarrier appointed to n™ element code. Cik} (t)ls the spreading waveform of user k
which can be defined as,

c @)=zl e ®(t—mTe), 0<t<Tooooioooioieiee, (4)

Equation (4) describes C,; ":' as the value of the chip of the spreading sequence assigned

to the user k. @(t)is the rectangular shape of the chip limited waveform. Subcarrier

modulation is performed on signal of K users and then signals are sent over the frequency
selective fading channel synchronously. Since bandwidth of each sub carrier is supposed
to be less than the bandwidth of the whole system a downlink transmission is considered.

2.2. Receiver Section of MC-CDMA

Consider desired user of interest is I, and demodulated signal received from transmitter
subcarrier n in a mobile station as:

r =R T Sy b () (5)

Where, k7 = |h;;3'|elﬁ'n is channel coeffeicnt, and s (£) is spreaded data of n®
element code of a user k,n,, (t)is gaussian noise.

In MC-CDMA system carrier demodulated signals of individual user have been
transmitted through N chip-matched filters corresponding to N element sequences.
}r,';:} (t) represents the chip matched filter output for element sequence c;f} at the reciever

side of desired user 1, thus n" element sequence under perfect carrier code in matched
filter output and bit synchronization is decribed as:

YO = [ 1P (OLP @t e (6)

By substituting resulting equation become as:
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Wy - 3@ (n)
VP (E) = by P EE oy B (D) g F Do @

1,, in the equation (7) shows the sampled additive white Gaussian noise with zero mean
and varaiance can be expressed as:

L= [ (P (Ot (8)

For the desired user outputs from N chip matched filters are combined. Now, the
signals received through N subcarriers results into N-branch diversity, where each branch
is the copy of source data spread by the n™ element sequence. Therefore, for achieving
ideal correlation of received signal an appropriate combining scheme must be used to get
frequency diversity gain.

3. MAI Reduction Using Interference Cancellation Technique

3.2.1. Maximum Likelihood Equalizer for Interference Cancellation: The output

}r,';’}[t] of matched filter is given as input to maximum likelihood equalizer as it is
considered to be optimal for error detection and correction. With the use of equalizer Bit
Error Rate (BER) improves and hence it provides better signal to noise ratio. It can be
represented as:

The Maximum Likelihood Receiver aims at finding x to minimize,

vl All hl12 | x1
2| | W21 R22| 2
Since QPSK modulation is performed, possible values of x; are +1 and -1 and similarly

+1 and -1 values are considered for x.. Hence for finding the maximum likelihood
solution, we must find minimum of all the four combination of x; and x, [14].

-
&

-
&

_jl'=

_ 1] [hi1l W2T+1 .

Ii+1+1 = 32 m21 22 let|| e (
117 Thll W2T+17] ’

_j'|+L_1:|— }2 ;321 h:: T ( )
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Ji-1-1 = 2 - }321 }322 D (14)

Transmit symbol’s estimate is selected on the basis of minimum value from the above
values

If the minimum value is j+1,+1) =[1 1],
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If the minimum value is j4+1,-1) =[1 0],
If the minimum value is j—y+1y =[0 1],
If the minimum value is j;—1,-1) =[0 0].

3.2.2. MRC- based Parallel Interference Cancellation: In MC-CDMA, PIC is applied
to N subcarriers. The main reason of applying PIC is to reconstruct the signal suffering
with MAI and recovering the useful signal from the desired user. PIC is employed in two
steps. At first, the initial assessment of data due to interfering users is performed using
equation (16) with suitable combining method ML equalizer. PIC is applied using
equation (15) for regeneration and cancelling MAI existing in the received signal. In the
second step, the interference-cancelled signal is combined using Maximal Ratio
Combining (MRC).
For subcarrier n, signal after interference cancellation can be written as,

Foiom(emm (B) = My 5 T e FOO D (). (15)

Above ry(t), n € {1, 2...N}, denotes the received signal for sub-carrier n of all the K
users in the system. J" ®(i) is evaluated based on output of maximum likelihood equalizer,
which represents the interference at the output of chip-matched filter because of
interfering k users.

After interference cancellation, next step is to de-spread the signals from N subcarrier
using same complementary code as used for spreading for desired user | and then perform
combining to give the estimated data as:

b (1) = TN Wi [Tty (¢ + TB)CL (DA oo (16)

The data signal of desired user | after interference estimation using a estimation based
on output of ML receiver and MRC combining is given by

B0 = Le VP N [n] 5D + Jpie + Npgerrovvovreecieieniciean, (17)

Here Npic denotes noise and Jpic denotes residual MAI represented as

. ( NERTE T I M O] LG

-'il?.'ilic = M':E Ef:l,k::[:b‘k} —j "k}jz;:'-zl h?‘! pk;::,ﬂl ................................
It is observed from equation (18), the performance of MC-CDMA depends on the

output of ML receiver and the correlation properties of each element sequences. In

addition, the accuracy of the estimated MAI J* ®(i) also depends on channel state

information available at the receiver.

(18)

3.2.3. MC-CDMA Receiver using PIC-ANN: Multi-Layer PerceptronS (MLPS) are
made up of input, hidden and output layers. There are fed forward connections among
neurons. Input layer act as buffer to disperse the input signal to the neuron of hidden
layer. In the neurons many activation functions are used. The weights attached to the
neuron are adjusted according to learning algorithm to get the desired output. Hence, for
the optimization of output of parallel interference cancellation, a new feed forward back
propagation neural network with three inputs and one output can be used. Network
training is performed with gradient descent back propagation function i.e., “traingd”,
which is a network training function that updates weight and bias value according to
gradient descent. Similarly, gradient descent weight and bias learning function i.e
“learngd” is used. In the hidden layer tangent sigmoid activation function i.e., “tansig” is
used and at the output layer pure linear activation function i.e “purlin” is used.
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The signal after passing through Nakagami channel is received by the detection
scheme, which consists of the Fast Fourier Transform (FFT) block, ML Equalizer, parallel
interference cancellation and Neural Networks (NN) block [15-18]. For each user the
spreading code of size N is assigned. The K x N dimensional received signal is fed to ML
equalizer. The K x N dimensional channel matrix H is another input of the ML equalizer.

h1l h21 --- hkl
h12 h22

hin h2n --- hkn
The outputs of parallel interference cancellation block are taken as inputs for proposed
Neural Networks (NN) receiver. The number of input, hidden and output nodes of the

Neural Network model is chosen according to number of users in the MC— CDMA
system.

4. Simulation Analysis and Results

In this section, simulation results are presented for evaluating the execution of MC-
CDMA system with different multi user detection techniques. Here for modulation of
each sub carrier, a BPSK modulation technique is used. For modeling each sub carrier
Nakagami flat fading channel is considered. It is believed that Channel State Information
(CSI) is given at the reception end. The simulations are performed with complimentary
codes.
4.1.BER Analysis of MC-CDMA with PIC

In the first stage, the initial data estimates of all interfering users is obtained using ML
Equalizers and PIC is applied to regenerate and cancel MAI occurring in the received
signal. In the second stage the interference cancelled signal is combined using MRC
forming ML-PIC-MRC. Following steps are followed for simulation purpose.

At Tx section

Step 1: Initially, generate complementary code.

Step 2: Generate information bits and appended to the signal.

Step 3: Perform modulation on the signal.

Step 4: Execute Inverse FFT operation on the modulated signal.

Step 5: Add cyclic prefix bits to the generated signal from the previous stage.

Step 6: Locate the Nakagami effect on the signal.

At Rx Section

Step 1: At the receiving side, originally cyclic prefix bits have removed from the signal.
Step 2: Perform FFT operation on the signal.

Step 3: Then perform equalization on the signal to generate output signal.

Step 4: To regenerate and cancel MAI, apply parallel Interface Cancellation onto signal.

Step 5: Finally, calculate the error in the signal for estimation of performance of the
technique.
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Here nakagami-m channel is considered, where value of fading parameter, m = 0.5.
Here, 4 users are considered and length of element code, L. = 32. After simulation it is
observed that at 6 dB SNR, BER is 0.0028 as shown in Figure 3.
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Figure 3. Performance Analysis of Parallel Interference Cancellation using
ML Equalizer

4.2.BER Analysis OF MC-CDMA with PIC-ANN

In this section, the BER performance of MC-CDMA using ML- PIC with ANN is
analyzed. Here ANN is used for the optimizing the output of PIC. Figure 4 shows the
performance improvement achieved by using ML-PIC-ANN. Output is evaluated after
training and testing. Here 100 epochs are taken into consideration.

Figure 4 also shows an improved performance when Artificial Neural Network with
Parallel Interference Cancellation is used under frequency selective channels using same
parameters as ML-PIC-MRC. Further it can be observed that at 6dB SNR the output of
MC-CDMA with ML-PIC-MRC is 0.0028 and with ML-PIC-ANN is 0.0015. This proves
that ML-PIC-ANN performs better than ML-PIC-MRC. Hence the result has been
improved by using Artificial Neural Network with Parallel Interference Cancellation.
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Figure 4. Performance Comparisons between PIC and PIC-ANN
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Figure 5. Comparison of Difference Parallel Interference Techniques

The existing technique provides better result when PIC is applied to combining
schemes such as MMSE, MRC and ORC. It has proved that MMSE-PIC with MRC
combining gives improved results for mitigating MAI in comparison to ORC-PIC and
MRC-PIC with BER of 0.0144. This BER is higher than the BER of proposed technique
as shown in Figure 5. Hence, it can be analyzed that the results have been improved by
using ML equalization instead of different combining scheme. Further, the BER can be
reduced by combining PIC with ANN.

5. Conclusion and Future Work

In this work the effect of MAI is detected and reduced by using proposed technique of
artificial neural network based Parallel interference cancellation technique to the MC-
CDMA communication system. Simulation performed on different interference
cancellation techniques such as Parallel interference cancellation with ML equalization
(ML-PIC-MRC) and neural network based parallel interference cancellation (ML-PIC-
ANN) in MC-CDMA systems. Performance is evaluated in terms of BER versus SNR.
After result comparison is done between the proposed technique ML-PIC-ANN with and
ML-PIC. It is concluded that when neural network is combined with ML-PIC, it optimizes
the output of ML-PIC cancellation and hence reduces the BER. BER of ML-PIC-MRC
and ML-PIC-ANN is 0.0028 and 0.0015 respectively. Further this proposed technique is
compared with the existing result of PIC with different combining schemes. The results
clearly indicate that bit error rate is reduced in comparison to other existing results. In
future, experiments can be done by using different type of fading channels such as Rican
fading channel, Rayleigh fading channel etc. and different modulation schemes.
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