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Abstract. The OFDM has emerged in the second half of last century. However, 
it remains a technique used in broadband wireless communication systems. 
Which limits its use is its vulnerability to frequency shifts. The Doppler 
effect and imperfections of the local oscillators of the transmitter and 
receiver are at the origin of these shifts. The imperfections of local oscillators 
shift the spectrum of the OFDM signal, while the Doppler-effect expands it (or 
compresses it). In this paper, the impact of the Doppler-effect on the OFDM 
modulation is analyzed, we give a new expression of the contribution of 
each sub-carrier at the transmitter on each subcarrier demodulated at the 
receiver. Using the method of inter-carrier interference self-cancellation 
proposed by Zhao and Haggman, the system becomes more efficient.  

Keywords: Orthogonal frequency division multiplexing (OFDM), carrier 
frequency offset (CFO), Doppler effect, Inter carriers Interferences (ICI), carrier to 
interferences ratio (CIR).  

1 Introduction 

The high spectral efficiency and robustness against multipath make OFDM one of the 
most promising techniques in wireless communications systems. Currently, OFDM has 
been adapted to the digital audio and video broadcasting (DAB/DVB) system, high-
speed wireless local area networks (WLAN) such as IEEE802.11, HIPERLAN II, 
ADSL, and recently in the optical communication [1]. OFDM divides the available 
spectrum into N equal intervals, the symbols are sent in parallel channels with lower flow 
rates [2].The high mobility is a major challenge for wireless communications. It creates 
frequency shifts in part caused by the Doppler effect [3].These offsets destroy the 
orthogonality between subcarriers of the OFDM signal, and generates inter-carrier 
interference responsible for the degradation of system performance [4]. A number of 
studies has been developed to eliminate inter-carrier interference [5],[6], we will be 
interested by the method of Inter-carrier interferences self-cancellation for the first time 
proposed by Zhao and Haggman [ 6]. In this paper we study the superposition of the 
offset caused by the imperfections of  local oscillators of the transmitter and receiver, and 
the Doppler-effect and its impact on all the subcarriers that constitute the OFDM signal. 
To improve system performance, we used the method of ICI self-interference [6]. This 
work was structured as follows, section 2 describes the nature of the frequency shift. The 
third topic focuses on the nature of the interference generated.  The fourth section 
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gives the system performance in terms of CIR and we apply an existing method for 
eliminating interference[6]; and last we finalize with a conclusion. 

2 Frequency Shifts in a Mobile Radio Channel 

In this section we will introduce the impact of the Doppler-effect on all the subcarriers 
that constitute the OFDM signal. We will assume that the local oscillators of the 
transmitter and receiver do not wobble at the same frequency. At the transmitter, the 
frequencies are equal to: 

௞݂ ൌ ௞்            ݇ ൌ 0,1, … , ܰ െ 1                                          (1) 

Where ݇ represent the index of subcarriers. Then at the receiver, frequencies are equal to: 

௞݂ ൌ ௞் ൅ ∆݂          ݇ ൌ 0,1, … , ܰ െ 1                                         (2) 

Where N is the total number of subcarriers and Δf the frequency difference between 
transmitter and receiver. More if the receiver moves to the transmitter at a relative 
speed v, the Doppler-effect is manifested and the frequency received signal will 
be equal to: 

௞݂ ൌ ቀ௞் ൅ ∆݂ቁ ቀ1 േ ௩௖  ቁ                                               (3)  ߙݏ݋ܿ

Where ܿ is the speed of light, and α the angle between the velocity and direction 
of the electromagnetic wave. Then ௞݂ can be written: 

௞݂ ൌ ଵ் ሺ݇ ൅ ሻሺ1ߝ ൅  ሻ                                                 (4)ߚ

With ߚ ൌ േ ௩௖  (5)                                                                 ߙݏ݋ܿ

Where ε is the normalized frequency offset due to the imperfections of local 
oscillators. The total normalized offset ߜ will be equal to: ߜሺ݇ሻ ൌ ݇ߚ ൅ ሺ1ߝ ൅  is proportional to the index ݇ of the subcarrier. In other words, the offset is different ߜ ሻ                                                            (6)ߚ
for each subcarrier, we are thus faced with a compression of the spectrum of OFDM 
signal if β is negative, or otherwise, with an expansion of the spectrum in if β is 
positive. For a given connection, the imperfections of the oscillators generate a 
constant normalized offset ߝ, while the Doppler effect produces a shift proportional 
to the index of the subcarrier k.  
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3 Inter-carrier Interferences  

In the time domain, the OFDM signal is written as: 

ሻݐሺݔ ൌ ෍ ܺሺ݇ሻexp ሺ݆2ߨ ௞݂ݐேିଵ
௞ୀ଴ ሻ  

   (7) 

Where ܺሺ݇ሻ is the signal to be transmitted and ௞݂  represents the N different 
frequencies of sub-carriers that form the OFDM signal. By discretizing the 
signal ݔሺݐሻ,  the signal obtained at the receiver is then: 

ሺ݊ሻݕ ൌ ෍ ܺሺ݇ሻ exp ቆ݆2ߨ ݊ܰ ሺ݇ ൅ ሻሺ1ߝ ൅ ሻቇߚ            ேିଵ
௞ୀ଴  

 

(8) 

 

               ൌ exp ቆ݆2ߨ ߝܰ݊ ሺ1 ൅ ሻቇߚ ൈ ෍ ܺሺ݇ሻ exp ൭ሺ݆2ߨ ݊݇ܰ ሺ1 ൅ ሻ൱ேିଵߚ
௞ୀ଴  (9) 

The signal ݕሺ݊ሻ is out of phase with the original signal, this is due 
to imperfections of local oscillators. The signal undergoes an expansion (or compression) 
of the signal, since the Doppler-effect affects each subcarrier differently. At the end of 
the FFT, we get the symbols  ܻሺ݇ሻ, their expression is given by the equation: 

ܻሺ݇ሻ ൌ 1ܰ ෍ ෍ ܺሺ݇ሻ exp ቆሺ݆2ߨ ݊ܰ ൫݇ െ ݉ ൅ ߚ݇ ൅ ሺ1ߝ ൅ ሻ൯ቇ   ேିଵߚ
௞ୀ଴

ேିଵ
௡ୀ଴  

 

(10) 

The complex coefficients will be expressed as: 

ܵ௞௠ሺ݇ െ ݉ሻ ൌ ൫݇ߨ݊݅ݏ െ ݉ ൅ ߚ݇ ൅ ሺ1ߝ ൅ ݊݅ݏሻ൯ܰߚ ߨܰ ൫݇ െ ݉ ൅ ߚ݇ ൅ ሺ1ߝ ൅ ሻ൯ൈߚ exp ߨ݆ ൬1 െ 1ܰ൰ ൫݇ െ ݉ ൅ ߚ݇ ൅ ሺ1ߝ ൅  ሻ൯ߚ

 

(11) 

The amplitudes of the complex coefficients have different values for positive and 
negative relative velocities. The influence of the subcarrier m on subcarrier k is 
different. Figure 1 shows the variation of the amplitudes of complex coefficients for a 
fixed value of the normalized frequency offset ε, but with three values of relative 
speed β, the first zero, the second positive and the last negative.  
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Fig. 1. Plot of the amplitudes of complex coefficients as a function of the index k of subcarriers for 
different values of relative speed 

4 System Performances 

The useful signal, is assigned the complex coefficient ܵ௞௞ሺ0ሻ calculated for the 
indices ݇ ൌ ݉: 

ܵ௞௞ሺ0ሻ ൌ ߚ൫݇ߨ ݊݅ݏ ൅ ሺ1ߝ ൅ ݊݅ݏሻ൯ܰߚ ߨܰ ൫݇ߚ ൅ ሺ1ߝ ൅ ሻ൯ߚ exp ߨ݆ ൬1 െ 1ܰ൰ ൫݇ߚ ൅ ሺ1ߝ ൅  ሻ൯ߚ

 

(12) 

The complex coefficients of the different sub-carriers are not the same magnitude,  
since they depend on the index of the subcarrier ݇.. Figure 2 shows the degradation of 
the useful signal as a function of the index ݇. Similarly, we will study all the 
interference caused by the subcarriers index ݇ ് ݉.. The power of interference ߪூ஼ூ is 
given by the relation: 

ூ஼ூߪ ൌ ෍ |ܵ௞௠ሺ݇ െ ݉ሻ|ଶேିଵ
௞ୀଶ௞ஷ௠  (13) 
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Fig. 2. Amplitude of the subcarrier based on the main index subcarriers ݇ 

 
This power is calculated for different values of m. To study the system performance, 
we calculated the ratio of carrier power on the power of all interference, it is noted by 
CIR. In the case studied, the frequency shift is proportional to the index of 
the subcarrier, which implies that the CIR is different for different subcarriers. Its 
expression is given by the relation: ܴܫܥ௞௠ሺߝ, ሻߚ ൌ |ܵ௞௠ሺ0ሻ|ଶ∑ |ܵ௞௠ሺ݇ െ ݉ሻ|ଶேିଵ௞ୀଶ௞ஷ௠  (14) 

Figure 3 shows that for two different sub-carriers, the difference can reach 10dB. To 
improve system performance, we use the method of ICI self-cancellation. The parallel 
data streams are remapped as the form of : ܺሺ1ሻ ൌ െܺሺ0ሻ, ܺሺ3ሻ ൌ െܺሺ2ሻ, … , ܺሺܰ െ 1ሻ ൌ െܺሺܰ െ 2ሻ  (15) 

The CIR is given by the relation: 
,ߝ௞௠ሺܴܫܥ  ሻ                    ൌߚ |2 כ ܵ௞௞ሺ0ሻ െ ܵ௞௞ሺ1ሻ െ ܵ௞௞ሺെ1ሻ|ଶ∑ |2 כ ܵ௞௠ሺ݇ െ ݉ሻ െ ܵ௞௠ሺ݇ െ ݉ ൅ 1ሻ െ ܵ௞௠ሺ݇ െ ݉ െ 1ሻ|ଶேିଵ௞ୀଶ௞ஷ௠௞ ௘௩௘௡

 

 

(16) 
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Fig. 3. Plot of the CIR as a function of relative velocity for different values of ݉ 

 

Fig. 4. Plot of CIR with ICI cancellation as a function of the speed for different values of ݉ 

Figure 3 plots the performance without using the method of ICI self- cancellation.  
However, Figure 4 plots the performance using the cited method. The gain varies 
from 7 to 10 dB for different subcarriers. 

0 1 2 3 4 5 6 7

x 10
-3

-10

0

10

20

30

40

50

Relative velocity β

C
IR

 (
dB

)

CIR WITHOUT ICI CANCELLATION

OFDM m = 0

OFDM m = 60
OFDM m = 5

0 1 2 3 4 5 6 7

x 10
-3

-10

0

10

20

30

40

50

Relative velocity β

C
IR

 (
dB

)

CIR ICI CANCELLATION

OFDM m = 0

OFDM m = 60
OFDM m = 5



148 M. Tayebi and M. Bouziani 

5 Conclusion 

In this paper, we analyzed the performance of OFDM systems in a mobile radio channel. 
This analysis enabled us to lead to new mathematical expressions. Indeed,  the Doppler 
effect present in the mobile radio channels, shifts not only the carrier frequency, but 
extended (or compress) the spectrum of OFDM signal because it shifts each subcarrier 
differently. So we calculated the performance for each subcarrier. Applying the method 
of ICI cancellation, we improved the system performance. This improvement has 
resulted in a gain ranging from 7 to 10 Db. 
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