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Abstract 
Many synchronization algorithms for orthogonal frequency division multiplexing (OFDM) 

systems have been proposed. Among them, the time synchronization algorithm by correlating 
the training sequence with the local known sequence can obtain good performance with a 
sharp synchronization peak. Detection threshold is an important and necessary parameter in 
time synchronization. In this paper, based on this algorithm, we evaluate three different 
methods of setting threshold and point out one method which performs well when SNR is in 
large dynamic range. The simulation results are consonant with our theoretic analyses and 
show that this method is suitable for OFDM systems in multi-path fading channel. 
 
1. Introduction 

Among modern communication techniques, orthogonal frequency division 
multiplexing (OFDM) has become one of the candidate techniques for future mobile 
communication due to its high data rate transmission capability and its robustness to 
multi-path delay spread[1][2]. However, OFDM systems are much more sensitive to 
synchronization errors than single carrier systems[3]. Synchronization is one of the key 
techniques of OFDM. To estimate the frequency offset, time synchronization must be 
achieved first. So it is important to estimate the timing offset efficiently. 

Many approaches have been proposed on time synchronization for OFDM system. 
They are taking use of cyclic prefix (CP)[4], scattered pilots[5] or training sequences[6][7]. 
The main idea of them is to do correlation between the equivalent data, and to get the 
timing position by the correlation peak. The approaches can be divided into two groups. 
One is that there are repeated parts in the received data, and the correlation is done 
between the received data and its delayed parts. The other is to correlate the received 
data with the local known sequences. The former has lower complexity but worse 
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performance, and the latter has better performance but higher complexity. With the 
development of DSP and FPGA techniques, high complexity algorithms can be realized. 
The latter group of time synchronization algorithms becomes applicable. 

The algorithm in this paper is based on Tufvesson’s[6] which is in the latter group 
using PN sequences. Different methods of setting time synchronization threshold have 
been proposed before. The method using mean correlation value (method MCV) was 
proposed in [8], and the method using received data power (method RDP) was proposed 
in [9]. Both of them are adaptive and different from the method using threshold with 
fixed value (method FV). But there is no detailed performance analysis in [8] and [9]. 
We analyze and compare the three methods theoretically. One of the methods is suitable 
for large dynamic range of SNR. The simulation results are consonant with the theoretic 
analyses. 

Section 2 briefly describes OFDM system model and the time synchronization 
algorithm we use. Three different methods of setting threshold are introduced in Section 
3. Theoretic analyses of the different methods are given in Section 4, and the 
performance is shown in Section 5 by simulation. 
 
2. System model and time synchronization algorithm 
 
2.1. System model 

Figure 1 shows the block diagram of OFDM system. The complex data symbols Xk are 
modulated onto N subcarriers by taking the N-point inverse fast Fourier transform (IFFT). 
The modulated data are sk. In order to avoid Inter-Symbol Interference (ISI), the CP which is 
longer than the channel impulse response is added. At the receiver, the CP is removed from 
the received baseband data stream after time synchronization. The data Yk are retrieved by 
means of the fast Fourier transform (FFT). 
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Figure 1. OFDM system 

 
2.2. Time synchronization algorithm 

We achieve time synchronization by introducing training sequence in time domain. The 
training sequence is composed of one or more repeated PN sequences. Tufvesson proposed an 
approach for OFDM synchronization using PN sequences[6]. This method can provide good 
performance with a sharp synchronization peak because of the good correlation between the 
received data and the local known PN sequence. To reduce the complexity, we remodel the 
synchronization signal 
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where r(m) is the sampled received signal, c(k) is the known local PN sequence, L is the 
length of the PN sequence. The timing position θ  is given by the peak of ( ) 2

mγ . 
 
3. Detection threshold 

When system is in acquisition mode, we can not get the timing position by simply 
searching the max value of ( ) 2

mγ  directly, because the max value is meaningless when the 
training sequences are not in the searching window. So detection threshold should be 
introduced. Threshold is an important parameter in time synchronization and will influence 
the synchronization performance in a certain extent. Different methods of setting detection 
threshold have been proposed before. 
 
3.1. Method FV 

A simple method is to judge the inequation 

( ) 2
FVm Tγ >       (2) 

If the inequation (2) is met, it means the correlation value exceeds the threshold. Then 
the timing position θ  is found as mθ = . Here TFV is the threshold with fixed value. 
 
3.2. Method MCV 

According to the method in [8], the judging inequation is changed to 

( ) ( )2
MCV MCVm T R mγ > ⋅     (3) 

where 
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RMCV(m) is the mean correlation value, and TMCV is the parameter used for setting the 
threshold. 
 
3.3. Method RDP 

Another method was proposed in [9]. The judging inequation is 

( ) ( )2
RDP RDPm T R mγ > ⋅     (5) 

where 
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TRDP is the parameter used for setting the threshold, RRDP(m) is the power of the 
received data sequences. 
 
4. Performance analysis 

Among the methods above, method FV is the simplest. However, this method is not 
suitable for multi-path fading channel. The power of the received signal is very small 
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when the channel is in deep fading. Then the probability of missing the training 
sequence will increase in this case. 

The thresholds in method MCV and method RDP are both adaptive and can 
overcome the disadvantage of method FV. Now we mainly analyze the performance of 
these two methods. 

Let s(m) denotes the transmitted data. In AWGN channel, the received data can be 
represented as 

( ) ( ) ( )r m s m n m= +      (7) 
where n(m) is white Gaussian noise. The carrier frequency offset is not considered here. 
Then ( ) 2

mγ  is 
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Let ( ) 1c k = . If the PN sequences are m sequences, we can get 
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where ( ){ }22
s E s mσ =  is the transmitted signal power and ( ){ }22

n E n mσ =  is the noise 

power. m θ=  means the timing is correct and m θ≠  means the timing is wrong. From 
(9), it can be found that the mean correlation peak is 

{ } 2 2 2
peak s nE R L Lσ σ= +      (10) 

and the mean threshold in method MCV is (not including TMCV) 

{ } 2 2
MCV s nE R Lσ σ= +      (11) 

From (11) we can find that RMCV is mainly affected by the noise power. The threshold 
in method RDP is the power of the received data, and its mean value can be expressed 
as (not including TRDP) 

{ } 2 2
RDP s nE R L Lσ σ= +      (12) 

The effect from noise in method RDP is much smaller. 

Figure 2 shows the mean value of thresholds at different SNR. 2
sσ  is set to be 1. As 

SNR increases, RMCV falls more quickly than RRDP. In this case, larger TMCV is needed 
for avoiding the increase of wrong detection probability in method MCV. 
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Figure 2. The mean value of threshold in AWGN channel, L=127, 2 1sσ =  

Figure 3 shows the ratio between correlation peak and thresholds. We can find that, 
as SNR decreases, the ratio falls rapidly in method MCV. That is, for method MCV, a 
proper TMCV value for high SNR will cause large missing probability at low SNR. So 
different TMCV is needed at different SNR in method MCV. It does not fit for large 
dynamic range of SNR. From figure 2 and figure 3 we can see that method RDP is 
much better. 
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Figure 3. The ratio between correlation peak and threshold in AWGN channel, 

L=127 
 
5. Simulation 

Figure 4 shows the detection performance of three methods with single period PN 
sequence in 3-tap Rayleigh fading channel. We here consider the timing is correct when 
it is on the taps. The delay between the taps is 4 samples. The first tap is the strongest 
one and others attenuate 4dB one by one. The length of each PN sequence is L=127. 
The simulation was run 10000 times for each SNR value. 
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Figure 4. Detection performance in 3-tap Rayleigh fading channel, L=127 

From Figure 4, we can see that method FV can not get good performance at very low 
SNR in multi-path fading channel. Method MCV needs different threshold parameter 
TMCV at different SNR. When TMCV=50, method MCV performs well at SNR=9~19dB. 
As SNR decreases, the missing probability increases with the increasing threshold, so a 
smaller TMCV is needed. When TMCV=10, method MCV performs well at SNR=0dB. As 
SNR increases, the wrong detection probability increases with the decreasing threshold, 
so a larger TMCV is needed. Method RDP performs well with a fixed value of TRDP=10 at 
different SNR. 
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Figure 5. Synchronization probability of method MCV in 3-tap Rayleigh fading 

channel, L=127, TMCV=50 

Figure 5 shows the synchronization probability of method MCV when TMCV=50. The 
simulation parameters are same to those of Figure 4. This figure accords with the 
analyses above. 
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6. Conclusion 
In this paper, based on the time synchronization algorithm by using PN sequences, 

we evaluate three methods of setting detection threshold. With theoretical analyses and 
simulations, we can find that detection threshold is an important parameter and will 
influence the synchronization performance greatly. The method using fixed threshold 
(method FV) performs badly at low SNR in multi-path fading channel. Though the 
method using mean correlation value (method MCV) is adaptive, different threshold 
parameter TMCV is needed at different SNR. This method is not applicable for unfixed or 
unknown SNR. The method which is taking use of received data power (method RDP) 
can get good performance in large dynamic range of SNR with fixed synchronization 
parameter TRDP in multi-path Rayleigh fading channel. 
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