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Abstract—According to the 60 GHz OFDM-UWB system of 
IEEE 802.15.3c standard, the characteristics of the preamble 
Golay complementary sequence are analyzed for better timing 
synchronization scheme that can resist multipath interference. 
The normalized autocorrelation method is used to detect the 
falling edge for frame detection and coarse timing. And then, the 
autocorrelation of the Gray complementary sequence is used to 
find the average value of several peaks for fine timing. Simulation 
results show that the proposed scheme can control the residual 
timing offset, and the algorithm has low complexity and high 
timing accuracy. Moreover, the MSRE with fine timing can reach 
10-3 orders of magnitude in the CM1 multipath channel with low 
SNR, which effectively resists multipath interference. 

Keywords—IEEE 802.15.3c proposal; golay complementary 
sequences; synchronization; anti-multipath interference 

I. INTRODUCTION 

With the development of wireless communication and the 
demand for high-speed wireless transmission rate, two standards 
of the IEEE 802.15.3a and ECMA-368 support Orthogonal 
Frequency Division Multiplexing Ultra Wide Band 
(OFDM-UWB) system with the maximum transmission rate of 
Mbit/s level, which obviously has been unable to meet needs of 
bandwidth. The IEEE 802.15.3c standard [1] is available for 
Wireless Personal Area Network (WPAN), which operates 
primarily in the 60 GHz radio band with data rates exceeding 
Gbps. In which, the OFDM is one of the modulation schemes 
due to its high spectral efficiency, strong anti-inter-symbol 
interference (ISI) and strong anti-frequency selective fading 
ability. To meet such a high data rate, the OFDM system uses 
higher orthogonal carriers. If the timing is advanced and does 
not exceed the length of the cyclic prefix, this will bring 
frequency phase rotation and inter-carrier interference (ICI), 
which requires channel estimation for compensation. If the 
timing is delayed, this will cause very serious inter-symbol 
interference (ISI), the system performance will decrease [2]. 

For the synchronization problem, a lot of synchronization 
algorithms have been proposed. In the maximum likelihood 
(ML) method [3], the estimation accuracy is high, and it needs 
another channel estimation algorithm to estimate the signal-to 
-noise ratio (SNR); The performance is better than the ML 
method in the maximum posteriori probability (MAP) method 
[4], but it needs to know the channel parameters; The method of 
maximum autocorrelation method based on the synchronization 
sequence [5] does not need channel estimation, but it is sensitive 
to multipath. These algorithms cannot reduce multipath 
interference effectively. 

II. GOLAY COMPLEMENTARY SEQUENCES 

The Golay complementary sequences are defined as a pair of 
equal length sequences, which consists of two kinds of elements. 
The Golay complementary sequences have the property that the 
logarithm of the same element in sequences number of one pairs 
is equal to that of another pairs with the same separation [6]. The 
Golay complementary sequences have autocorrelation 
properties. 

Let ),...,,()( 21 Nna  , ),...,,()( 21 Nnb  be sequences of 

length N (  1-1，na ,  1-1，nb ). The respective 
autocorrelation functions are defined as: 
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The sum of the correlation functions is: 
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where a pair of sequences )(na  and )(nb  is Golay 
complementary sequences. The Golay complementary 
sequences have a simple structure without any requirement for 
length, and there is no limitation on the channel delay extension. 
Moreover, due to the complementary autocorrelation 
characteristics of the sequence, the non-zero output will be 
obtained only when the sequences are completely correlated, 
and the output is the channel response. Therefore, Golay 
complementary sequence can resist multipath interference. The 
principle of using Golay complementary sequence for channel 

response estimation is that if the channel response is )(nh , the 
Golay complementary sequence is transmitted as described 
above, then the convolution of the transmit sequence and the 
channel response are: 

)(*)()( nhnanra   
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)(*)()( nhnbnrb  

By calculating the correlation value with the local sequence 
respectively at the receiving end, we have: 

)(*)()(*)()( nbnrnanrnR ba 
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where V  is a constant. 

A general synthesis of complementary sequences is to form 
higher order complementary sequences from lower order 

complementary sequences. A sequence of b is connected to 
another sequence of a  to form a high order sequence; and then, 
b  is connected to the other end of a  to form another high order 
sequence, which forms a pair of complementary sequences. 

Sequence b  is to replace all elements in sequence b  with 

another element [7]. The preamble sequences of 128a , 128b , 256a  

and 256b  defined in the IEEE802.15.3c standard are the Golay 

complementary sequences,  i.e., 256a  and 256b can be represented 
by the following formula: 

][ 128128256 baa   

][ 128128256 bab  

III. SYNCHRONIZATION ALGORITHM 

IEEE 802.15.3c standard specifies the system of the two 
frame structure, in which the first frame structure is used in this 
paper. As shown in Figure I, the frame structure is composed of 
preamble, header and payload. The preamble consists of frame 
synchronization (SYNC) sequence, start frame delimiter (SFD) 
and channel estimation sequence (CES). The SYNC contains a 
repetitive sequence to achieve higher robustness. 

The Golay complementary sequence has excellent 
autocorrelation characteristics, no side lobe and simple structure. 
It has no limitation on the delay expansion length of the channel, 
and can resist multi-path interference. We can use these 
characteristics for synchronous capture. 

 
FIGURE I. EXAMPLE OF A ONE-COLUMN FIGURE CAPTION 

IV. COARSE SYMBOL SYNCHRONIZATION 

Rough timing synchronization means a rough symbol timing 
synchronization. IEEE802.15.3c provides that the first part of 
the synchronization sequence SYNC is designed as a duplicate 
structure, each of which is a Golay sequence of 128. The key to 
detecting the preamble is to set the threshold reasonably. 
However, in the signal transmission of the path of sight and 
non-sight distance, the amplitude of the signal is distinctly 
different. Therefore, the amplitude of the threshold is very 
difficult to determine. The threshold is too high, which may lead 
to missed detection in NLOS path detection, and a false alarm is 
formed. However, if the threshold is too low, it may lead to noise 
interference, false alarm and false alarm. Therefore, in order to 
facilitate the definition of threshold value, the normalized 
two-dimensional sliding correlation can be used, and the 
normalized high level value is 1. 
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where )(np  is the received signal whose window length is 
128 and a threshold G is determined by simulation. When two 

consecutive )(nx  are changed from greater than G to less than 
G, a falling edge is detected, which means that the frame is 
detected. Since the first part of the preamble SYNC is a known 
repetitive structure, the length is I , as shown in Eqn. (6), we 
can see that this part will produce a flat peak, and the second part 
of the preamble is SFD, which is different from SYNC. At the 
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junction of these two parts, it will produce a falling edge. Let 
un  , we can define the coarse timing position is d. 

d I u  

V. FINE SYMBOL SYNCHRONIZATION 

In the fine symbol synchronization phase, we can correct the 
smaller synchronization deviation at coarse symbol 
synchronization and track the deviation in synchronization 
within one frame. In order to reduce the complexity of the 
algorithm, the length of the window is reduced to 32, which 

means that the 128b  of the synchronous SYNC sequence can be 
separated by the following equation. 

 32323232128 babab  

The sequences 32a  and 32b maintain the characteristic of 
Golay complementary. The two windows with two lengths 32 
bits are taken to correlate and normalize like the normalized 
maximum correlation (NMC) operation. 
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If the current window is 32a  and 32a , the normalized ideal 

correlation value is -1. If the current window is 32b  and 32b , the 
normalized ideal correlation value is +1. And if the absolute 
value operation is performed, there is a zero value between the 
peaks of the correlation value. Because of its zero crossing 
characteristic, a very low threshold can be defined. When the 

threshold value )(nx  is greater than this threshold, the peak 
value of every 64 samples in the frame synchronization 

sequence (SYNC) is k  with m  peaks. Average the M peak to 
the last peak and mark it as a symbol L for the fine timing. As 
shown in the following formula: 
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Through the simulation, the number of the correlation peaks 
in the frame synchronization sequence (SYNC) is certain. As 
long as these peaks are found, the error produced in the rough 
timing stage will not affect the precision of the fine timing. And 
because of the complementary characteristics of the Golay 
sequence, the detected indexes are not affected by the multipath 
delay, so the algorithm has a high accuracy. 

VI. ALGORITHM PERFORMANCE SIMULATION 

In order to verify the proposed synchronization scheme, the 
HSI (MCS7) model [1] based on the IEEE802.15.3c standard is 
used to build the simulation platform. The first is the 5/8 channel 
encoding rate, then using 64QAM modulation signal mapping, 

followed by the OFDM sub module to modulate and transmit. 
OFDM has 512 sub carrier sub module, 336 of which are 
modulated by sending data, 16 pilot symbols inserted, the 
remaining 160 is zero form virtual sub carrier, by 512 points and 
finish IFFT modulation. The length of the cyclic prefix added is 
1/8 of the length of the data symbol, that is, 64 sample values, so 
the number of sampling points for a complete OFDM symbol is 
576. The symbol period is about 218.18 ns, and the bandwidth 
of the system is about 2640 MHz. The additive white Gauss 
noise channel (AWGN) is used in the general channel, and the 
multipath channel selects CM1 in the 60 GHz channel of the 
Tg3c group and the CM2 channel model [8]. The OFDM 
receiver module structure is similar to the sending sub module, 
but it is only its inverse operation, and it is no longer repeated 
here. Different thresholds corresponding to the false alarm and 
missed alarm probability are different. From the Figure 2, if the 
signal to noise ratio is 0dB in the CM1, CM2 channel with the 
threshold between 0.14 and 0.16, the frame detection is accurate 
and we take 0.15 as the coarse decision threshold. 
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FIGURE II. DIFFERENT THRESHOLD CORRESPONDING TO THE 

PROBABILITY OF FALSE ALARM AND MISSED ALARM 

The OFDM UWB system specified by IEEE802.15.3c is 
simulated, and the RMS error (MSRE) curve of coarse and fine 
timing deviation in Gauss and multipath channels is simulated 
respectively. Figure III is the MSRE with coarse timing under 
different channels. It can be seen that under the Gauss channel 
and the multipath channel CM1, the MSRE of coarse timing is 
not very different, but under the CM2 channel, the coarse timing 
MSRE is relatively large. With the increase of SNR, MSRE is 
stable at 5 sample values. Because just use the coarse timing 
phase repeats is two-dimensional sliding relevant results, and 
did not use complementary Golay sequences, so the 
anti-multipath performance is not ideal, in low SNR, the coarse 
timing of MSRE is relatively large, so still need to further reduce 
the fine timing deviation. Figure IV is a MSRE of fine timing 
under different channels. Under the Gauss and CM1 channels of 
14 dB, MSRE can reach 10-3 orders of magnitude and MSRE of 
CM2 can reach 10-2 orders of magnitude. Fine timing uses the 
complementary correlation of sequences to normalize the 
separation and the maximum correlation operation. After adding 
the related results, the timing accuracy is improved, and the 
timing deviation can be controlled in a smaller range. It can be 
seen that the algorithm can resist multipath interference and can 
make accurate timing. 
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FIGURE III. THE MSRE OF COARSE TIMING 
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FIGURE IV.THE MSRE OF FINE TIMING 

VII. CONCLUSION 

For the OFDM ultra wideband (UWB) system of IEEE 
802.15.3c, a complete timing synchronization scheme for the 
system is given through algorithm simulation. Using the Golay 
complementary sequence to resist the multipath, the effective 
correction of the timing deviation is achieved in the multipath 
channel with a low complexity algorithm. The scheme takes into 
account the timing synchronization performance and the 
complexity of the system implementation. 
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