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Abstract 

Communication systems face several challenges like noise 

problem, inter-symbol interference caused by dispersive channel 

and limited system or resource efficiency. These problems 

become more severe in broadband wireless communication 

systems which suffer from lower Signal-to-Noise Ratio (SNR) of 

the received signal due to larger link loss. The solution to all 

these problems lies in the field of multicarrier transmission 

techniques. This paper evaluates the performance of two very 

popular multicarrier schemes: OFDM and MC-CDMA in 

presence of channel estimation error at the downlink. Typically 

the error rate performance of a system is evaluated taking the 

assumption that perfect channel state information is available. 

Practically, this is not the case, and some sort of channel 

estimation methods have to be implemented in addition to the 

usual detection and equalization schemes of multicarrier systems. 

Even the channel estimation is usually imperfect due to the 

presence of interference and noise, and lead to the need for 

estimation of error therein.  

Keywords: Rayleigh fading, OFDM, MC-CDMA, Imperfect 
Channel estimation. 

I. INTRODUCTION. 

The rapid increase in the number of wireless mobile 

terminal subscribers highlights the importance of wireless 

communications. The adaptation of wireless technologies 

to the user’s rapidly changing demands has been one of the 

main drivers of the revolution in wireless technologies. 

Various multiple access technologies based on orthogonal 

frequency division multiplexing (OFDM) are possible 

solutions for the new platform. Another promising solution 

is multi-carrier code division multiple access (MC-CDMA) 

which combines OFDM with code division multiple access 

(CDMA). MC-CDMA is a multiplexing technique which 

permits multiple users to access the wireless channel 

simultaneously by modulating and spreading their input 

data signals across the frequency domain using different 

spreading sequences. These two multiuser schemes are 

gaining increasing importance in present wireless scenario.  

 

 

 

The practical performance evaluation of these schemes 

requires channel state estimation as well as the estimation 

of any error in the estimation of channel gains. A pilot 

assisted minimum mean square error estimation scheme 

provides better channel gain estimation and performance 

analysis than other estimation schemes with a little 

compromise on the complexity. 
This work aims at analysing the impact of channel 

estimation error on multicarrier systems. The same is 

achieved by analysing OFDM and MC-CDMA systems 

first with the assumption that perfect channel state 

information is available at the receiver, progressing to the 

need of channel estimation and finally the analysis of error 

due to imperfect channel estimation and its effect on the 

system. Moreover, a downlink case (transmission from 

base station to terminals) is considered, since the terminals 

receive interfering signals designated to other users 

through the same channel as the wanted signals. This 

makes the analysis simpler as compared to the uplink 

scenario where base station receives signal from different 

users through different channels depending on the location 

of the terminals. 

 

II . PROBABILITY OF ERROR ANALYSIS WITH 

CHANNEL ESTIMATION ERROR 
 

 Multiuser detectors jointly use the channel gains and 

spreading code information of multiple users to detect each 

individual user. This is needed to compensate for the 

unavailability of perfect state information needed to detect 

the data symbols at the receiver. In practical scenario, the 

channel estimation is imperfect and results in an error. The 

difference in estimated and actual frequency response is a 

measure of the error in channel estimation. 
The channel estimation error is thus defined as 

                                                                     (1) 

Channel estimation error and channel estimate are assumed 

to be mutually independent, thus 
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                          (2) 

 

where  is variance of channel,  is the variance of 

channel estimate and   is the variance of error in 

estimation. 

                          

                   III. ANALYSIS FOR OFDM SYSTEMS 

 

 An OFDM signal consists of N orthogonal subcarriers 

modulated by N parallel data streams          

       

                     .                 (3) 

 

The signal is subjected to OFDM modulation with the help 

of IDFT/IFFT and the modulated signal can be represented 

as 

                                             (4) 

The signal then passes through a channel, modelled by a 

finite length impulse response. The received OFDM signal 

can be represented as 

             (5) 

 

where  is the FFT of channel response and  is the FFT 

of sampled noise. 

For QPSK, the effective bit energy-to noise ratio is given 

as 

                                  (6) 

where     

and   is the average value of  given as   

    The equation (5) will change to 

 

                                                           (7) 

 

and , the effective bit energy-to-noise ratio becomes  

                                                                      (8) 

The bit error probability for a given value of , 

considering QPSK modulation becomes, 

                 (9) 

The conditional probability density function  must 

be evaluated over the probability density function of  in 

order to obtain error probability over all random values 

of . is chi-square distributed with two degrees of 

freedom, thus, is also chi square distributed. The 

probability density function of    is,  

                                                (10) 

where  is the average value of  given as 

            (11) 

 Thus in flat fading scenario, the error probability 

becomes 

                           

           

    

 

                                    (12) 

 

When channel estimation is perfect,  and the 

equation (12) reduces to the equation (6) for flat fading 

case with perfect CSI. 

The analysis can be done in similar fashion for other 

modulation schemes. 

 

4.3.2 ANALYSIS FOR MC-CDMA SYSTEMS 

 

A downlink transmissions scenario, i.e., from the base 

station to the user terminals with K users and N subcarriers 

is considered for the purpose of analysis. At the 

transmitter, the N subcarriers are divided into U groups, 

each having Q=N/U subcarriers. The input information of 

k
th

 user in m
th

 block is first converted into U parallel data 

symbols. Each of these parallel data is further replicated in 
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Q parallel copies with the help of a copier or serial-to-

parallel converter. The user and group indices can be 

dropped, since, these symbols are identically distributed 

and all users essentially face identical effects in downlink 

case. The vector of the data symbols thus denoted by  

                        (13) 

where  corresponds to the data symbol of the k
th

 

user, is serial to parallel converted, modulated and spread 

using an orthogonal spreading code represented by the 

code matrix C, which is defined as 

       (14) 

where the k
th

 column vector of C corresponds to the 

spreading code, 

           ,              (15) 

of the k
th

 user. A sum of N chip streams is next subjected 

to N point IFFT having sampling period Ts. The cyclic 

prefix is then appended to signal stream before being 

transmitted on to the channel. An equivalent discrete 

vector representation of the transmitted signal is 

                 

where  represents the signal components of all 

users at the i
th

 subcarrier for the m
th

 symbol interval. The 

continuous-time transmitted signal corresponding to the 

m
th

 data symbol of the k
th

 user is 

 

.                    

where  is the carrier frequency. In a distortion less 

channel, that data symbol  of the k
th

 user can be 

recovered using the orthogonality between the codes, as 

indicated by 

          

                                                         (16) 

where the dot denotes the inner product between two 

vectors.  

Similar to common channel assumptions for OFDM 

systems, the delay spread is considered to be much smaller 

than the symbol duration. Hence, the effect of the channel 

at the i
th

 subcarrier may be approximated by a constant 

amplitude scaling, ri and a constant phase offset, i over the 

symbol duration. Applying the received signal to the 

receiver model, the equivalent discrete representation of 

the received signal is 

                       (17) 

where  yi represents the component of the received signal 

at the i
th

 subcarrier.  

 

The channel matrix R is defined to be  

 

      or 

                                 (18) 

    and    , 

 a vector containing the corresponding AWGN terms 

with ni representing the noise term at the i
th

 subcarrier with 

power N0. This is a reasonable representation in terms of 

flat fading channel where symbol duration Tsym>>Tmax, the 

delay spread. 

To account for loss of orthogonality, the received signal 

is subjected to wiener filtering which is optimal in mean 

square sense. Thus, the MMSE receiver weights the 

received statistic Y with a weight vector B to form the 

decision statistic such that the MSE error between the 

transmitted bit and the received signal Y is minimized. The 

objective function (the mean square error in this case) in 

finite dimension case for one user is defined as                       

     

               

In matrix form 

 

Using the linearity property of expectation operator 
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Using the fact that the bits of users are independent and 

identically distributed  

 

 

 

 

  ;    

 

Now          

                             

                

               

 

 

Weight B is obtained by minimising the derivative 

of , which gives 

      

             

 

 

 

 

When a fully loaded system is considered, a close form 

solution can be more readily obtained. In the formulation 

of this method, it is assumed that estimates of the channel 

amplitudes are available and are consequently treated as 

deterministic constants. The equalization coefficients at the 

i
th

 subcarrier for the case of a full load, i.e., when all users 

are active is  

                                                      (19) 

where, ri is the i
th

 weighing coefficient and No is the i
th

 

subcarrier noise. 

By the application of the central limit theorem, the 

average bit error rate for a fully loaded system and 

sufficiently large value of N is approximated as   

         .                     (20) 

 

where signal amplitude per subcarrier is given as weight   
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                                          (21) 

 and the interference arrives with amplitude    

                                                (22) 

In obtaining this expression, independent and identically 

distributed (IID) fading at the subcarriers was assumed. 

 

In the presence of channel estimation error equation 

becomes 

                               

                                           

 

 
 

                                                                (23) 

 

     where   

 

The received signal is subjected to wiener filtering as 

done in the case when perfect channel state information 

was available.  The objective function (the mean square 

error in this case) for reducing the error between the 

transmitted and the received signals, in finite dimension 

case for one user is also defined similarly. 

Therefore,  is given as 

 

 

Using the expression of Y from equation (3.25) 

 

 

  ;    

 

and           

 

  

For a system where all users are active weight B 

obtained by minimising the derivative of  gives 

 

 

The closed form expression of 

equalization coefficients obtained by assuming that 

estimates of the channel amplitudes are available and are 

consequently treated as deterministic constants at the ith 

subcarrier for the case of a full load becomes  

        

                                (24) 

where notations retain their usual meaning. 

By the application of the central limit theorem, the average 

bit error rate for the fully loaded system and sufficiently 

large value of N under the impact of channel estimation 

error is approximated as  

    

.          (25) 
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where signal amplitude per subcarrier becomes   

                                             (26) 

 and the interference amplitude becomes    

                                              (27) 

For MC-CDMA, the value of or  has 

an extra N in the denominator which accounts for the fact 

that in these systems each user is independently affected by 

the error. 

                      

                    (28) 

 

IV. SIMULATION PARAMETERS 

Spreading code Walsh-Hadamard 
code 

Spreading code length Number of 
subcarriers/number 
of users 

Data symbol mapping BPSK,QPSK,16-QAM, 
64-QAM 

Channel  Rayleigh fading 
channel 

TABLE 1 

V. SIMULATION RESULT 

 
5.3.1 OFDM PERFORMANCE WITH PERFECT CSI 

 

 The simulations for OFDM with perfect channel 

state information (CSI) are performed for BPSK, 

QPSK, 16-QAM and 64-QAM schemes. 

 Independently faded and identically distributed 

subcarriers are considered. 

 256 subcarriers are considered. 

 The results are plotted by taking average on 

50,000 iterations. 
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                                  BER Performance of OFDM with perfect CSI 

FIGURE 1 

 
5.3.2 MC-CDMA PERFORMANCE WITH PERFECT 

CSI 

 

 The simulations for MC-CDMA with perfect CSI 

are performed for BPSK, QPSK, 16-QAM and 

64-QAM schemes. 

 Independently faded and identically distributed 

subcarriers are considered 

 A fully loaded system is considered. 

 Fully loaded system is evaluated for the case of 8, 

32 and 64 users. 

 The results are plotted by averaging over 50,000 

iterations. 
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BER performance of BPSK-MC-CDMA perfect CSI 

FIGURE 2 
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     BER performance of 64 QAM-MC-CDMA perfect CSI 

FIGURE 3 

          5.3.3 OFDM PERFORMANCE WITH CHANNEL 

ESTIMATION 
 

 OFDM performance with MMSE channel 

estimation is evaluated for 256 subcarriers, 

 and L= 16. 

 Exponential power delay profile with expression 

 is used, where l is the path delay and delay 

coefficient . 

 BPSK-OFDM performance with channel 

estimation is evaluated at different number of 

channel taps; L=7, 16 and 28.  

 BPSK-OFDM performance with channel 

estimation is evaluated at different number of 

subcarriers; N=128, 256, 1028 and L=16. 

 The results are plotted by taking average on 

50,000 iterations.  
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FIGURE 4 

 

             5.3.4 BER PERFORMANCE OF MC-CDMA 

WITH CHANNEL ESTIMATION (CE) 

 

 BER performance of MC-CDMA is evaluated for 

BPSK mapping with MMSE channel estimation  

 A fully loaded system for 32 users is considered 

with 12 multipath. 

 Exponential power delay profile with expression 

 is used, where l is the path delay and delay 

coefficient . 

 The results are plotted by taking average on 

50,000 iterations. 
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FIGURE 5 

         5.3.5 COMPARATIVE PERFORMANCES 

 

 Comparative BER performance of OFDM with 

BPSK mapping is done with and without MMSE 

channel estimation. 

 Comparative BER performance of MC-CDMA 

with BPSK mapping is done with and without 

MMSE channel estimation for a fully loaded 

system. 

 Exponential power delay profile with expression 

, where l is the path delay and delay 

coefficient  is used for channel estimation. 

 The results are plotted by taking average on 

50,000 iterations. 
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FIGURE 6 

0 2 4 6 8 10 12 14 16
10

-5

10
-4

10
-3

10
-2

10
-1

10
0

B
E

R

SNR per bit(dB)

Comparative performance of BPSK-MC-CDMA

 

 

 simulation

 theoretical

 simulation CE

 theoretical CE

 

FIGURE 7 

 
 

VI. CONCLUSION 
 

In this work, pilot assisted MMSE estimators are studied 

for both OFDM and MC-CDMA. The estimators in this 

study can be used to efficiently estimate the channel in an 

OFDM and MC-CDMA systems given certain knowledge 

about channel statistics. The MMSE estimators assume a 

priori knowledge of noise variance and channel covariance 

and have good performance but high complexity. The 

MMSE estimation can also be applied to non sample-

spaced channel through incorporating the path delays in 

estimation algorithm. 
This paper compared the performances of OFDM and 

MC-CDMA systems over a variety of system parameters, 

like modulation types, number of users, number of channel 

taps and number of subcarriers. The BER expressions for 

OFDM/MC-CDMA are derived and the error rate 

performances of these schemes are evaluated using PSACE 

scheme. The comparative performance of these schemes, 

with and without channel estimation, vouches for the use 

of estimation techniques at the receiver end, in order to 

obtain better results.  It is further found that the 

computational complexity increases with higher 

modulation order, which is the cost of fulfilling the need of 

higher data rate transfer. 

In the end, it will be safe to say that the impact of 

imperfect channel estimation can be compensated for, by 

combining an error compensation factor in the channel 

response. The compensation of channel estimation error 

further improves the system performance. Thus, adding 

detection and estimation schemes at the receiver side helps 

in obtaining a more accurate approximation of the 

transmitted data and gives better results. 
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