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Abstract: Multi Code Multi Carrier CDMA (MC-MC-CDMA) is the combination of multiple access technique, 

CDMA, multi code and the OFDM technique. This system is suitable for high rate transmission and multirate 

services as required in the fourth generation wireless cellular system (4G). In this paper, the analysis of the 

effect of the multipath Nakagami fading channel with different multipath intensity profile (MIP) on MC-MC-

CDMA system is presented. The SNIR (Signal-to-Noise plus Interferences Ratio) and the bit error rate (BER) 

performance are derived. 
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I. INTRODUCTION  
During recent years, wireless communication grows quickly, and it is now capable of the transmission 

of voice, data and image signals which requires high bandwidth efficiency and high data rates. A new system 

named MC-MC-CDMA have been suggested for future generation system ; This system makes use advantages 

of multi code-CDMA technical [1]-[3] and multi carrier modulation with multiple access schema MC-CDMA 

[4]-[8]. 

Different forms of MC-MC-CDMA have been described by various authors [9]-[14]. In the system 

proposed by [9], an M-ary symbol selects one of M code sequences for transmission. Each chip of the code 

sequence is copied onto P branches and for the user-specific sequence it is then multiplied with the 

corresponding branch i.e. the pth chip of the user-specific sequence is multiplied with the pth branch of the copier. 
Each of these branches then modulates one of the P orthogonal subcarriers and the results are summed. In [10], 

another version of MC-MC-CDMA was proposed. In this system, a high data rate stream is split into a number 

of parallel low rate streams and then the low rate streams are spread by different sequences and added together. 

The resulting data is then split into a number of parallel low rate streams and each sub stream modulates a 

different subcarrier before transmission. 

However, in mobile communication system, when a signal transmitted over a radio channel, it is 

subject to reflexion, refraction and diffusion. The communication environment changes quickly and thus 

introduces more complexities and uncertainties to the channel response. 

In this paper, to observe the effect of fading channel on  MC-MC-CDMA system, the characteristics of 

the channel are investigated, especially the effect of the Nakagami fading parameter [15]-[16] due to its ability 

to model a wider class of  fading channel conditions, and the multipath intensity profile (MIP) [13],[17] which is 

the average received powers of all multipath components, whole model was considered among them the three 
kind of channel intensity profile namely Gaussian, exponential and uniform MIPs. The rest of the paper is 

organized as follows:  Section II discusses the MC-MC-CDMA system model described by [10]. The channel 

models which exhibit both fading and multipath distortions were presented in Section III. In Section IV, the 

Signal-to-Noise plus Interferences Ratio (SNIR) and the bit error rate (BER) performance are derived.  

Numerical results are presented in Section V. Finally, Section VI summarized the conclusion had obtained 

through this paper. 

 

II. SYSTEM MODEL 
The system model is depicted in Fig.1. It consists of transmitter, receiver and fading channel. The 

transmitter part converts input data stream dk(t) of kth user, into J parallel substreams dkj(t) which is coded by an 

orthogonal signal aj(t). The resulting signal bk(t), called superstream, is serial-to-parallel (S/P) converted again 

and spread in frequency domain by ck(t). Each of these branches then modulates one of the H orthogonal 

subcarriers and the results are summed. 
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Fig1. Transmitter/Receiver system model for MC-MC-CDMA 

 

At the receiver part, the received signal r(t) is first demodulated by locally generated carrier, despread 

by the PN sequence and then P/S converted; his output is then despread again by each orthogonal code for 

multicode component in order to recover substream before correlation. Finally, the substreams are recovered 

from the correlated data. 

To formalize this analysis, assuming that there are K users simultaneously transmitting information, 

with equal H, J and power P; the transmitted signal of the kth user is given by [10] 

𝑠𝑘 𝑡 =  2𝜋  𝑅𝑒 𝑑𝑘𝑗  𝑡 𝑎𝑗  𝑡 𝑐𝑘(𝑡)𝑒𝑗𝜔 𝑡  𝐽
𝑗=1

𝐻
=1        (1) 

where 

dkjh(t) is the data symbol of the jth substream of the hth superstream, consisting in the inphase )(td I
k and 

quadrature )(td Q
k component, as 

𝑑 𝑡 = 𝑑𝑘
𝐼  𝑡 − 𝑗𝑑𝑘

𝑄(𝑡)  

aj(t) is the orthogonal signal code for the jth substream which is given by [10] 

𝑎𝑗  𝑡 =  𝑎𝑗
𝑖

𝑁𝑎−1

𝑖=0

ΠTa
(𝑡 − 𝑖𝑇𝑎)  (2) 

with 
a

a
NH

T
T

.
  is the chip duration of the code, Na is its length and 

i
ja  is the ith value of the code aj  1 .  

The superstream bk(t) is the result of the coding, can written as 

𝑏𝑘 𝑡 =  𝑎𝑗  𝑡 𝑑𝑘𝑗 (𝑡)

𝐽

𝑗=1

  (3) 

 

ck(t) is the PN spreading code and is given by 

 

𝑐𝑘 𝑡 =  𝑐𝑘
𝑖

𝑁𝑐−1

𝑖=0

ΠTc
 𝑡 − 𝑖𝑇𝑐  , 𝑇𝑐 =
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 (4) 

where
i

kc  is the ith  bit value of the code and Nc  is its length. Notice that the spreading code on all the subcarriers 

is the same for one particular user. 

A transmitted wave undergoes multipath fading which is due to multipath reflections by local 

dispersers such as man-made structures as buildings, or natural objects such as forest surrounding a mobile unit. 

Through the multipath fading channel with L paths, the received signal r(t) for all K users is given  by [10] as 

    r(t) 

1 

sk(t) 

1 

 

Nakagam

i Fading 

Channel 

dk(t) 

1 

 

 

 

 

 

 

 

 

a1(t) 

ck(t)e
jH

t aJ(t) 

 

dk
j 

1 

dk
J 

1 

aj(t) 

ck(t)e
j

1
t 

bk
h 

1 

bk
H 

1 

bk(t) 

1 

ck(t)e
jh

t 

S/P
 

 

1-> J
 

 

 

 

 

 

 

 

 

 

S/P
 

 

1-> H
 

 

kd̂

 

a1(t) 

zJ
 

1 

ck(t)e
-j

1
t 

bk(t) 

1 

aJ(t) 

 

 

 

 

 

 

 

 

 

  P/S
 

 

 H->1 

 

ck(t)e
-j

h
t 

ck(t)e
-j

H
t 

 

 

 

 

 

 

 

 

  P/S
 

 

   J->1 

 

aj(t) 

td

T


0

(.)

 

td

T


0

(.)

 
 

a1(t) 

zJ
 

1 

ck(t)e
-j1t 

bk(t) 
1 

aJ(t) 

 

 

 

 
 

 

 
 
 

  P/S 

 

 H->1
 

 

ck(t)e
-jht 

ck(t)e
-jHt 

 

 

 
 

 

 
 
 

  P/S 

 

   J->1
 

 

aj(t) 

td

T


0

(.)

 

td

T


0

(.)

 

td

T


0

(.)

 

zj
 

1 

td

T


0

(.)

 

zj
 

1 



Effect of multipath fading channel in MC-MC-CDMA communication system 

www.iosrjournals.org                                                             38 | Page 

𝑟 𝑡 =  2𝑃     𝐴𝑘𝑙𝑎𝑗 (𝑡 − 𝜏𝑘𝑙 )𝑐𝑘(𝑡 − 𝜏𝑘𝑙 ) × 𝑅𝑒 𝑑𝑘𝑗 (𝑡 − 𝜏𝑘𝑙 )𝑒
𝑗  𝜔  𝑡−𝜏𝑘𝑙  +∅𝑘𝑙    

𝐿

𝑙=1

𝐽

𝑗=1

𝐻

=1

𝐾

𝑘=1

+ 𝑛(𝑡) 

 

(5) 

where τkl and Φkl are the path time and  the path phase, respectively. n(t) is the additive white Gaussian noise 

(AWGN) with a power spectral density of N0/2. 
For convenience and yet no loss of generality, we assume that the signal for the first user, first carrier, 

first orthogonal code via the first path is considered as the reference. In this case [12], r(t) can be written 

according six components as follows  

𝑟 𝑡 = 𝑟𝐷𝑆 𝑡 + 𝑟𝑀𝑃𝐼 𝑡 + 𝑟𝐼𝑆𝑆𝐼  𝑡 + 𝑟𝐼𝐶𝐼 𝑡 + 𝑟𝑀𝑈𝐼  𝑡 + 𝑛(𝑡) (6) 

where 

rDS(t) is the desired signal, corresponding  k=h=j=l=1; 

rMPI (t)  is the MultiPath Interferences caused by the propagation of the desired signal, k=h=j=1; via all path 

except the first path. 

rISSI (t)  is the Inter SubStream Interferences caused by other substream except the first substream, j=1. 
rICI (t)  is the Inter Carriers Interferences caused by all other carriers other than the desired, h=1 for the first 

user.  

rMUI(t)  is the MultiUser Interferences, caused by all other users except the first user, k=1. 

Assuming synchronous detection (τ11=ϕ11=0); the output for the correlator for k=h=j=l=1 is given by 

𝑧1 𝑡 =  𝑟(𝑡)𝑎1(𝑡

𝑇

0
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(7) 
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Fig.2. Relationship between MIP and h(t) [5] 

 

III. CHANNEL MODEL 
The channel is considered as conventional multipath channel with equivalent transfer function, h(t) 

given by [18] 

 𝑡 =  𝐴𝑘𝑙𝑒
𝑗∅𝑘𝑙 𝛿(𝑡 − 𝜏𝑘𝑙

𝐿−1

𝑙=0

) (14) 

where  Akl is the path gain of lth path of the kth user; The path time delay τkl  is uniformly distributed over 

[0,T] and the path phase Φkl is uniformly distributed over [0, 2].  
The channel path gain Akl has a Nakagami distribution with probability density function (pdf) given by 

[12],[18] 
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where Γ(m) is the gamma function and Ω is the second moment of random variable Akl and m is the Nakagami 

fading parameter defined as:       𝑚 =
Ω2

𝐸  𝐴𝑘𝑙
2 −Ω 

2
 
  ,𝑚 ≥ 0.5                                                          (16)      

The final characteristic which completes our channel model is the multipath intensity profile (MIP) 

which is the average power output of the channel as a function of the time delay τ; Fig.2 [5] shows the graphical 

relationship of multipath intensity profile and channel impulse response. 

If the average received powers of multipath with equidistant delays are exponentially decaying, then 

this kind of profile is called an exponentially decaying profile [18] and if they are a Gaussian decaying, then this 
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profile is called a Gaussian MIP but if the average received powers of multipath with equidistant delays, are all 

the same, then it is called independent and identically distributed (i.i.d.) profile or uniform MIP [19]. 

 

IV. SYSTEM ANALYSIS 
This section provides results for the analysis of our system. In the following, we concentrate on the 

performance of MC-MC-CDMA system in terms of the Signal-to-Noise plus Interferences ratio (SNIR), which 

is the ratio of signal power to noise plus interference variance. 

               The SNIR is defined in [11] assuming that all terms are zero means, statistically independent random 

variables. It is expressed as: 
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                                                                                                                                               (18) 
where Eb=PT and Eb/N0 is the signal-to-noise ratio (SNR). 

Fc(h) and Fs(h) are defined in [11] as follows:  
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𝑔𝑇𝑐 +

1

𝑁𝑐

+
1

2𝑁𝑐

cos 4𝜋
𝐽  − 1 

𝑇
 𝑔 + 1 𝑇𝑐 

−
1

𝜋𝐽  − 1 
𝑐𝑜𝑠  2𝜋

𝐽  − 1 

𝑇
 𝑔 + 1 𝑇𝑐 𝑠𝑖𝑛  2𝜋

𝐽  − 1 

𝑇
 𝑔 + 1 𝑇𝑐 

+
1

𝜋𝐽  − 1 
𝑐𝑜𝑠  2𝜋

𝐽  − 1 

𝑇
 𝑔 + 1 𝑇𝑐 𝑠𝑖𝑛  2𝜋

𝐽  − 1 

𝑇
𝑔𝑇𝑐   

 
 
 
 
 
 
(20) 

Now, we need to calculate the variance of the path gain Akl ; this value depends on the nature of the 

MIP. It can be exponential, uniform or Gaussian; these values of MIPs are shown below. 
1. Exponential MIP 

For this profile, the different amplitude levels of different paths have exponential relation with the first 

arrived signal component [13]. Assume amplitude decaying factor of δ and the path gains are independent and 

identically distributed random variable, then we can write  
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𝑣𝑎𝑟   𝐴𝑘𝑙

𝐿

𝑙=1

 =  𝑣𝑎𝑟 𝐴𝑘𝑙  =

𝐿

𝑙=1

 𝑣𝑎𝑟 𝐴𝑘1𝑒
−𝛿(𝑙−1) = 𝑣𝑎𝑟 𝐴𝑘1  𝑒−2𝛿(𝑙−1)

𝐿

𝑙=1

𝐿

𝑙=1

= Ω𝑄𝑒(𝐿, 𝜎) (21) 

where Ω is the variance of Ak1
 
and Qe is the exponential MIP given by 

𝑄𝑒 𝐿,𝜎 =  𝑒−2𝛿(𝑙−1)

𝐿

𝑙=1

= 1 + 𝑒−2𝛿 + 𝑒−4𝛿 + ⋯+ 𝑒−2(𝐿−1)𝛿 =
1 − 𝑒−2𝛿𝐿

1 − 𝑒−2𝛿
 (22) 

2. Gaussian MIP 

In this case [13], the successive amplitude levels will follow a Gaussian distribution. Then 

𝑣𝑎𝑟   𝐴𝑘𝑙

𝐿

𝑙=1

 = 𝑣𝑎𝑟 𝐴𝑘1  
1

2𝜋𝜎2

𝐿

𝑙=1

𝑒−2(𝑙−1−𝜇)2/2𝜎2
= Ω𝑄𝑔(𝐿,𝜇,𝜎) (23) 

where μ and σ are the mean and variance of the distribution, respectively. Qg denotes the Gaussian MIP given 

by 

𝑄𝑔 𝐿,𝜇, 𝜎 =  
1

2𝜋𝜎2
𝐿
𝑙=1 𝑒−(𝑙−1−𝜇 )2/𝜎2

=
1

2𝜋𝜎2
 𝑒−𝜇

2/𝜎2
+ 𝑒−(1−𝜇)2 /𝜎2

+ ⋯+ 𝑒−(𝐿−1−𝜇)2/𝜎2
         (24) 

 

 
 

3. Uniform MIP 
In the uniform MIP [13], the amplitude levels of all multipath components are the same. Thus 

𝑣𝑎𝑟   𝐴𝑘𝑙

𝐿

𝑙=1

 =  𝑣𝑎𝑟 𝐴𝑘𝑙  =

𝐿

𝑙=1

𝑣𝑎𝑟 𝐴𝑘1  1

𝐿

𝑙=1

= Ω𝑄𝑢  (25) 

where  Qu = L is the uniform MIP.  

Thus, we can write SNIR as 

𝛾 = 𝐴11
2  

1

3𝐽𝐻𝑁𝑐

 Ω(Q-1)+
𝐽 − 1

3𝐽𝐻𝑁𝑐

ΩQ+   
𝐽 𝐹𝑐  − 𝐹𝑠   

4𝜋2𝐽2( − 1)2𝑁1

𝐻

=2

 Ω𝑄

+  
𝐽(𝐾 − 1)

3𝐽𝐻𝑁𝑐

+  
𝐽(𝑘 − 1) 𝐹𝑐  − 𝐹𝑠   

4𝜋2𝐽2( − 1)2𝑁1

𝐻

=1

 Ω𝑄 +  1

2
𝐸𝑏
𝑁0

 

−1

 

 

 

 
(26) 

where Q may represent Qe , Qg or Qu. 

             To compare the performance of MC-MC-CDMA system, the SNIR of MC-CDMA and MultiCode 
CDMA was also established following the same steps. We found: 

The SNIR of MC-CDMA system is: 

𝛾 = 𝐴11
2  

1

3𝐻𝑁𝑐

 Ω(Q-1)+   
 𝐺𝑐  − 𝐺𝑠   

4𝜋2( − 1)2𝑁1

𝐻

=2

 Ω𝑄 

                 +(𝐾 − 1)  
1

3𝐻𝑁𝑐

+  
 𝐺𝑐  − 𝐺𝑠   

4𝜋2( − 1)2𝑁1

𝐻

=1

 Ω𝑄 +  1

2
𝐸𝑏
𝑁0

 

−1

 

 

 

 

(27) 

with Gc (h) and Gs (h) are given by: 

𝐺𝑐  = 𝑁𝑐  
1

𝑁𝑐

+
1
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cos 4𝜋
  − 1 

𝑇
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𝑇
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𝑇
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−
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𝑇
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𝑇
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(28) 
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𝐺𝑠  = 𝑁𝑐  
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(29) 

The SNIR of Multi Code CDMA is written as: 

𝛾 = 𝐴11
2  

1

3𝐽𝑁𝑐

 Ω(Q-1)+
𝐽 − 1

3𝐽𝑁𝑐

ΩQ+
𝐽 𝐾 − 1 

3𝐽𝑁𝑐

Ω𝑄  +
1

2
𝐸𝑏
𝑁0

 

−1

 

 

(30) 

 
The performance of the above systems by the average Bit Error Rate (BER) is given by [14] 

𝑃𝑒 =  𝑓𝛾(𝛾)𝑃𝑒(𝛾)𝑑𝛾

+∞

0

 (31) 

where f γ(γ) is the pdf of γ and Pe(γ) is the conditional bit error probability of the SNIR γ is given by [10] 

 

𝑃𝑒 𝛾 =
1

2
𝑒𝑟𝑓𝑐(𝛾) 

 

(32) 

The channel path gain is assumed to be Nakagami distributed random variable, then γ is also Nakagami 
distributed with pdf given by [13] 

𝑓𝛾 𝛾 =
1

Γ(𝑚)
 
𝑚

ΩR
 
𝑚

𝛾𝑚−1𝑒−
 
𝑚𝛾
ΩR

 
  (33) 

 

Then the BER become  

 

𝑃𝑒 =
1

2Γ(𝑚)
 
𝑚

ΩR
 
𝑚

 𝛾𝑚−1𝑒−
 
𝑚𝛾
ΩR

 
𝑒𝑟𝑓𝑐(𝛾)𝑑𝛾

+∞

0

 
(34) 

 

V.  NUMERICAL RESULTS 
Having derived the output SNIR and BER, the performance of the system is presented in this section.  

The number of users, the MIP and parameter fading were considered with the parameters listed in Table 1. 

Table1. Simulation parameters 

Parameter Description Value 

Total bandwidth 1 MHz 

Number of multipath L=3 

Number of user substreams J=8 

Number of carriers H=8 

Local mean power Ω=10dB 

Number of chips per bit N1=4 

 

              Fig.3 Illustrates the SNIR performance of the different system MC-MC-CDMA, MC-CDMA and Multi 

Code CDMA for BPSK modulation, the figure clearly shows that the MC-MC-CDMA system has the best 

performance of all the systems. This is due to the gain which comes from the combination of MC-CDMA and 

Multi Code CDMA.  
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Fig.4 shows a plot of the SNIR performance of MC-MC-CDMA system for several values of number 

of users K, for BPSK modulation; For the Rayleigh channel, the fading parameter is taken m =1. It is clear from 

those figures that, as many users are transmitting signal simultaneously, the SNIR decreases; Hence, the higher 
the number of users, the higher the multiuser interference caused by the unwanted user and consequently the 

performance become worse. 

Fig.5 shows the effect of exponential, uniform and Gaussian MIPs on the SNIR performance of MC-

MC-CDMA system; we have considered K=20 and m=1. The MIP performance is affected by the Q parameters, 

which is the MIP parameter for different intensity profile. For a fair comparison, we assumed for the Gaussian 

profile that μ=0 and σ2=1/2π, the decay factor of the exponential MIP is taken 2  thus, the Q value for 

Gaussian MIP is 1.0882 and 1.0067 for exponential MIP and 3 for uniform MIP, which are calculating using 

(22), (24) and (25). The figure shows that there is no significant difference between exponential and Gaussian 

MIPs and these profiles have better performance than uniform MIP. Therefore the less of the value of Q, the less 

the variance for interference, the better is SNIR. 

Fig. 6 shows the effect of channel fading on BER performance for MC-MC-CDMA system using 

exponential MIP. We used different fading parameter, m=0.5 for the half Gaussian fading, m=1 for Rayleigh 
model and m=3 for approximated Rician model. Clearly, the higher value of m, the better the performance of the 

system, which corresponds to a less fading in the channel or the Rician channel which is suitable to model the 

indoor channel; the half  Gaussian model corresponds the worst case fading condition, it is suitable for the urban 

area. 

 

VI. CONCLUSION  
In this paper, the effect of channel fading in MC-MC-CDMA communication system is analyzed. We 

investigated how various parameters of channel, such as the MIP and fading parameter, affect the MC-MC-

CDMA system performance. The results illustrated that the phenomena of channel fading dominate the 
performance of MC-MC-CDMA communication system. However, the most important factor should be the 

fading parameter of the fading model.   

 
Fig.3. SNIR performance for different CDMA based systems 

 
Fig.4. Effect of number of users, K, in the MC-MC-CDMA system 

-20 -10 0 10 20 30 40 50
10

0

10
1

10
2

10
3

10
4

SNR(dB)

S
N

IR

 

 

MC-MC-CDMA

MC-CDMA

Multi Code CDMA

-20 -10 0 10 20 30 40 50
10

0

10
1

10
2

10
3

10
4

SNR(dB)

S
N

IR

 

 

K=20

K=100

K=200

K=400



Effect of multipath fading channel in MC-MC-CDMA communication system 

www.iosrjournals.org                                                             44 | Page 

 
Fig .5. Effect of the MIP on SNIR performance 

 
Fig. 6. Effect of  fading parameter, m,  on BER performance 
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