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Abstract: In an OFDMA system, different carrier frequency offsets (CFOs) are possibly raised due to the mismatch of local 

oscillators and the Doppler effect because of multiple-antenna channels. In spite of an initial CFO synchronization scheme able to 

be applied at transmitters, the compensation of residual CFOs is required at the receiver in order to eliminate the inter-carrier 

interference (ICI) for individual subscribers, especially with an interleaved subcarrier allocation scheme. Unfortunately, 

conventional ICI mitigation methods cannot simultaneously remove the CFOs caused by multiple subscribers, and therefore, the 

multiuser interference (MUI) remains. In this case, a common CFO (CCFO) existing among the multiple CFOs is found in relation 

to the overall OFDMA system performance. In this paper, a CCFO estimation method is proposed at the OFDMA receiver, and the 

CCFO is then corrected to reach the minimum weighted mean square error (MSE) performance. Numerical results show that new 

OFDMA receivers after correcting the estimated CCFO significantly improve the overall bit error rate (BER) performance over 

the conventional receivers. 
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1. Introduction 

Orthogonal frequency-division multiplexing (OFDM) is 

widely used in modern wireless communications for its good 

ability to reduce the multipath effect. As OFDM is used in a 

multiple access (MA) system, the combination of the 

frequency division multiple access (FDMA) method draws a 

lot of attention to next generations of wireless communications. 

The OFDM multiple access (OFDMA) technology separates 

groups of OFDM subcarriers allocated to different subscribers 

for simultaneous uplink transmission from subscriber stations 

(SS) to a base station (BS). WiMAX and LTE are typical 

OFDMA systems proposed for the application of wireless 

metropolitan area networks (MANs) [1]. However, in an 

OFDMA system, imperfect synchronization due to different 

carrier frequency offsets (CFOs) at individual transmitting 

terminals can introduce inter-carrier interference (ICI) among 

subcarriers and multiple access interference (MAI) among 

subscribers [2]-[4]. Although some methods can be exploited 

to initiate the synchronization at transmitters, the CFOs are 

hard to be completely eliminated since different local 

oscillators are implemented at the transmitters. Hence, a CFO 

tracking loop and certain MAI reduction process are usually 

required at the OFDMA receiver even though some initial 

synchronization scheme can be employed to reduce the 

residual CFOs. 

Some approaches to dealing with CFOs in an OFDMA 

system can be found in the literature [5]-[10]. The CFO 

correction method that is conventionally used in single-user 

OFDM can be directly applied for different subscribers to 

cancel the estimated CFOs before the discrete-time Fourier 

transform (DFT) [5]. But the direct method requires multiple 

DFT blocks and causes MAI due to different offsets among 

subscribers. In [6], an alternative method, called the CLJL 

scheme (abbreviated for the names of the authors), was 

proposed to compensate for the CFOs effect after the DFT with 

using circular convolution. Although the CLJL scheme reduces 

the required number of DFT blocks, the multiuser interference 

(MUI) components still remain in the compensated results. 

Huang and Letaief [7] proposed an iterative interference 

cancellation scheme, called the HL scheme,  to reduce the MUI 

effect. The method proposed in [7] can be regarded as a 

parallel interference cancellation scheme and the authors 

showed that only a few of iterations are required to obtain a 

satisfying performance. Other methods [8][9] considered a 
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return path for control information based on maximum 

likelihood estimation of synchronization parameters. 

In previous works [5]-[9], CFOs for different subscribers 

are estimated and then the correction is performed 

independently. However, the MUI due to different CFOs still 

affects the bit error rate (BER) performance even with the use 

of MUI cancellation schemes [7][10]. It is found that a 

common CFO (CCFO) existing among the multiple CFOs is 

related to the overall OFDMA system performance [11][12]. In 

this paper, we propose a feasible CCFO estimation and 

correction method in an OFDMA system. As we remove the 

estimated CCFO before the DFT at the receiver, the overall 

weighted mean square error (MSE) performance for multiple 

subscribers can be minimized such that the average BER 

performance is improved as well. Simulation results show that 

the modified CLJL or HL based OFDMA receivers together 

with the proposed CCFO estimation and correction method 

have better BER performance than those without employing 

CCFO correction. 

The rest of this paper is organized as follows. Section II 

introduces the system model and the CLJL/HL methods. The 

proposed CCFO estimation scheme is also described in this 

section. Section III contains the simulation results. Section IV 

concludes this paper. 

2. Proposed CCFO Correction Scheme 
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Fig. 1. Structure of the OFDMA Transmitter. 

2.1. System Model and CLJL/HL Methods 

Consider an N-point interleaved OFDMA system with P 

subscribers as depicted in Fig. 1. Each SS communicates with 

the BS over an independent multipath channel, which is 

allocated M subcarriers such that N M P= × . The original 

data symbol for the mth subscriber is denoted by ( )S m , 

1, 2, ,m P= ⋯ and ( ) ( ) ( ) ( )

0 1 1
S [   ]m m m m

M
S S S −= ⋯ . The M signals 

to be transmitted in the OFDMA system are first mapped into a 

set of N modulation samples { },)(m

kX  ,1,1,0 −= Nk ⋯  by 

the scheme of interleaved subcarrier allocation according to  
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where 0,1, , 1j M= −⋯ .  

Suppose ,1,...,1,0 ,)( −= Nny i

n
is the ideal ith subscriber’s 

symbol after passing through the channel. Let iε , 

1,  2, , ,i P= ⋯ denote the residual CFO for subscriber i with 

respect to the BS and Cε  the CCFO to be corrected at the BS 

before the DFT. The signal after correcting the CCFO at the BS 

consists of P subscribers’ symbols accompanied by 

corresponding CFO effects and the additive white Gaussian 

noise (AWGN), which can be given as 
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where 
nz is the AWGN. The vector form of the DFT output 

signal 
kR , where k is the subcarrier index and 0 1k N≤ ≤ − , can 

be expressed as 
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where ⊗ denotes the circular convolution, R( )
C

ε  
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T
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vector 
( )Y i

 contains the signal for the ith subscriber, )(i

kY , 

with )(DFT )(
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k yY = , ( )C i is an 1N ×  vector containing 

the value of the equivalent CFO effects, 
)(i

kC , with 

NeC
Nnji
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Ci /)(DFT

/)(2

N

)( εεπ += , and the vector Z contains 

the N-point DFT results of the AWGN, 
kZ , with 

)(DFTN nk zZ = . In (3), the first term is the mth subscriber’s 

received signal and the second term is the MUI due to the 

CLJL scheme. If the MUI can be ignored and the AWGN 

power is small compared with the signal power, we can 

approximate the mth subscriber’s received signal as 

( ) ( ) ( )

(m)
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where (m)A is a diagonal matrix with the diagonal elements 

defined as 1)1,1(A
(m) =++ ii for 

mi Ω∈ and 0 for
mi Ω∉ , 

where mΩ is the set of subcarriers allocated to the mth 

subscriber [6][7]. Here, (m)A  acts as a filter that keeps most of 

the output power for the mth subscriber. From (4), we can 

restore the mth subscriber’s signal ( )Y m  from ( )R̂ ( )m

Cε  by 

removing the circular convolution operation in the following 

equation: 
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where ( )C m′ denotes the inverse of ( )C m , which has 

components 
)(m

kC′ and NeC
Nnjm

k
Cm /)(DFT

/)(2

N

)( εεπ +−=′ . 

The structure of the OFDMA receiver after correcting the 

CCFO for the CLJL scheme [6] is depicted in Fig. 2. 
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Fig. 2. The OFDMA receiver after correcting the CCFO for the CLJL scheme. 

Let ( ),Ŷ ( )i j
Cε denote the estimate of ( )Ŷ ( )i

Cε after 

performing the jth step of the iterative interference 

cancellation algorithm proposed in [7]. By ignoring the noise 

effect, the MUI term can be calculated by  

( ), ( ), ( )
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The MUI cancellation algorithm employing the HL scheme 

can be summarized as follows: 
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2.2. Effect of CCFO

 

Suppose 
( )m

kH is the channel frequency response on the kth 

subcarrier of the mth subscriber. From (3), after some 

mathematical manipulation we have 

( ) ( ) ( ) ( )( ) ( ) ( )m m m m

k C k k k C k C k
R X H ICI MUI Zε ε ε= + + +                                                   (9) 

and 
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where ( ) sin( 2) / sin( / 2)D x Nx N x= . From (10) and (11), we 

can notice that ICI and MUI are influenced by the CCFO.  

2.3. Estimation of CCFO with Minimum Weighted MSE 

From (5) or (8), we can obtain the estimate of the 

transmitted symbol on the kth subcarrier of the mth subscriber  

)()()( /)(ˆ)(ˆ m
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m

kC

m

k HYX εε =              (12) 

We note that 
( )m

kH  can be estimated from the preamble or 

pilots in practical applications. Given the transmitted signal 
( )m

kX , we define the weighted MSE as 
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where 
mρ  is the pre-determined weighting coefficient for the 

mth subscribers, and 

∑
=

=
P

m

m

1
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The purpose of the weighting calculation in (13) is to 

emphasize the performance for specified subscribers. If all 

subscribers are equally weighted for the overall performance, 

we can set 1/ .m Pρ =  In some situations, it may be occurred 

that in an OFDMA system, not all of allocated subscribers 

constantly occupy the channel. Hence, the base station can 

adaptively specify subscribers’ performance by changing the 

weighting coefficients. By the steepest descent approach, the 

minimization of the weighted MSE can be obtained by 

calculating the following recursion at time instant n: 

ˆ ˆ( 1) ( ) ( ( ))
CC C Cn n nεε ε µ ξ ε+ = − ⋅∇              (15) 

where µ  is a step size which controls the convergence rate 

and the steady-state estimation accuracy. However, it is 

difficult to obtain the exact formulation for a convergent 

innovation ))(( nCC
εξε∇ . We approach the derivative by the 

following numerical method: 

0

( ( ) ) ( ( ))
( ( )) lim

C

C C

C

n n
nε ε

ξ ε ε ξ εξ ε
ε∆ →

+ ∆ −
∇ =

∆
       (16) 

where ε∆  is chosen as a small value approaching zero, for 

example, 710ε −∆ =  is used in our numerical simulation. 

It should be noted that ))(( nCεξ  is not a quadratic function 

of )(nCε , and hence, ))(( nCεξ  may have some local 

minimums with respect to )(nCε . Some routine is required to 

search for the initial value in the region of global minimum in 

order to guarantee optimal convergence. A simple method is to 

divide the whole searching region into several sub-regions for 

possible initial CCFO values )0(ˆ
Cε  at first. Then, we can 

determine the optimal CCFO initial value by finding the 

minimum value of their MSE metrics from (13). Since this 

method is proposed for improving performance when coarse 

synchronization and channel estimation have been achieved by 

the preamble, pilots or decision feedback data can be used to 

avoid the requirement of pre-knowing 
( )m

kX  shown in (13). 

3. Simulation Results 

We consider an OFDMA system with the DFT size N=512, 

the length of guard-interval is 64, the number of subscribers is 

4 with 128 block subcarriers allocated to each subscriber, eight 

pilots are used for each subscriber, and the Gray-coded 

16-QAM signals are transmitted. The power profile of the 

impulse response of the multipath channel is assumed to be 

exponentially decaying with the characteristics 2{| ( ) | }E h n  

= exp( / 5)n− , n=0, 1,…, 11. For the purpose of estimating the 

coarse CFOs and channel responses of the four subscribers, 

two pilot symbols as the preamble lead in advance of the 

transmitted data. To avoid the interference among subscribers 

in using the preambles for initial estimation of CFOs and 

channel responses [7], the preambles for different subscribers 

are assigned at non-overlapped symbol slots for simplicity. 

We randomly choose two sets of CFO values to see the 

influence of CCFO correction in this OFDMA system: One is 

with large CFO values for the four subscribers and denoted by 

CFO1=[-0.1 0.3 0.25 -0.15], the other is with smaller values 

and denoted by CFO2=[0.1 -0.1 -0.05 0.05]. After the coarse 

CFOs and channel responses are obtained from preambles, we 

search for the optimal initial value for CCFO estimation based 

on the first 30 decision feedback data symbols. Note that 

during these 30 data symbols, the CCFO effect is temporarily 

ignored such that the system performance is equivalent to the 

conventional methods that do not apply CCFO correction. 

Thereafter, the estimated initial CCFO is used in (15) for 

recursive estimation. 
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In Fig. 3, we show the MSE performance with respect to the 

CCFO for the four subscribers in the CFO1 case. That is, for a 

specified subscriber we assume that its weighting coefficient is 

unity while the coefficients for others are zero. We compare the 

performance for the CLJL and HL schemes. It is obvious from 

the result of the HL scheme that the optimal CCFO value is 

about to cancelling the CFO effect before the DFT. By 

adopting the proposed approach for the initial value, we get the 

initials [0.05 -0.25 -0.15 0.15] for the four subscribers. As 

shown in Fig. 4, the proposed CCFO estimation algorithm for 

the HL scheme finally converges close to the CCFO values 

with MMSE as shown in Fig. 3. Note that the number of 

iterations for convergence depends on the choice of the step 

size. It is a tradeoff between the convergence rate and the 

steady state performance. A globally optimum CCFO value 

can be also found under the consideration of an overall 

minimum weighted MSE performance, i.e. setting 25.0=iρ  

for i=1, 2, 3, and 4. For example, the optimum CCFO value is 

found about -0.1 for CFO1. 
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Fig. 3. MSE performance with respect to the CCFO for different subscribers in the CFO1 case. 

 

Fig. 4. The learning curves of CCFO estimation for different subscribers. 
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Fig. 5. BER comparison of the overall performance for different CFO compensation methods in OFDMA with CFO1. 

10 12 14 16 18 20 22 24 26 28 30
10

-6

10
-5

10
-4

10
-3

10
-2

10
-1

10
0

average SNR(dB)

b
e
r

Overall Performance (Subband-CFO2)

Direct Method

CLJL Scheme

HL Scheme

Proposed with CLJL Scheme

Proposed with HL Scheme

NO CFOs

 

Fig. 6. BER comparison of the overall performance for different CFO compensation methods in OFDMA with CFO2. 

We compare the BER performance for different CFOs 

mitigation schemes in Figs. 5 and 6. The direct method [5] and 

the CLJL method only compensate for the effect of CFOs, 

while the MUI effect is not solved. Thus, the HL method that 

can reduce MUI has better performance than other two 

methods. However, the proposed CCFO estimation scheme 

can search for a proper CCFO to minimize the weighted MSE 

performance. Hence, the proposed method along with the HL’s 

MUI cancellation scheme outperforms others. In Fig. 5, the 

CFO1 case is simulated to show that a significant performance 

difference can be noticed. While in Fig. 6 the CFO2 case is 

simulated, we can observe that the BER performance is also 

improved with applying the proposed method together with the 

HL scheme. 
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4. Conclusion 

In conventional methods, the CFO effect can be 

compensated for by the CLJL scheme at the BS in the OFDMA 

system. The MUI effect can be reduced by the HL scheme. In 

this paper, we show that the MSE performance of the 

demodulated signals is related to a CCFO which should be 

corrected in advance of the DFT to reach the optimum 

weighted MSE. Therefore, we propose a new method for 

CCFO estimation and correction. From simulation results, a 

better BER performance can be obtained by applying the 

CCFO adjustment method along with the CLJL or the HL 

scheme. Moreover, the performance of the proposed method 

together with the HL scheme is superior to that of others from 

our simulation results. 
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