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Abstract. OFDM technology is the simultaneous transmission of signals in
multiple overlapping channels. In order to correctly receive, the orthogonality of
subcarriers must be ensured strictly. However, due to Doppler frequency shift
and transceiver of the crystal is not exactly the same, there are certain carrier
frequency deviation, which will destroy the orthogonality of the subcarrier
wave. The frequency difference influence of phase also has cumulativity,
accurate frequency synchronization is the precondition for the normal work of
OFDM system. In the text, a typical data-assisted carrier synchronization
algorithm is analyzed for the carrier synchronization problem in OFDM system.
We studied the improved algorithm which is based on the average algorithm of
training symbols, and the performance is compared by simulation analysis.
Experiments show that the improved carrier synchronization algorithm is
superior to the typical algorithm and has low complexity.
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1 Introduction

There are many researches on the carrier synchronization algorithm at home and
abroad. At present, the carrier synchronization algorithm can be divided into two
categories according to the data processing [1]: non-data auxiliary class and data
assistant class. Non-data-assisted class algorithm is also called blind estimation algo-
rithm. By using the structure of OFDM signal, information is extracted directly from
the signal itself (such as cyclic prefix) or after the Fourier transformed spectrum of the
signal without using the synchronization parameters from the received signal. And it
does not reduce the band utilization, the representative algorithm is based on the cyclic
prefix maximum likelihood estimation algorithm [2] (referred to as ML algorithm). The
data-assisted method is divided into two parts: the time domain training symbol and the
frequency domain training symbol. The concrete realization is that the packet header of
the packet is added with an OFDM block dedicated to the frequency offset estimation,
such as training symbols or guidance frequency symbols and other additional data
information to synchronize the estimation. By changing the pilot or training symbols of
the structure, pattern, etc., at the receiving end using related technology to extract
synchronization information in the estimation process. This algorithm will reduce the
efficiency of system data transmission, and its advantages are fast capture, high pre-
cision, suitable for packet data communication.
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In the text, a typical data-assisted carrier synchronization algorithm is analyzed for
the carrier synchronization problem in OFDM system. We studied the improved
algorithm which is based on the average algorithm of training symbols, and the per-
formance is compared by simulation analysis.

2 Typical Data Auxiliary Class Algorithm

OFDM system based on IEEE 802.11a is a typical burst packet transmission system.
An OFDM symbol is consists of four pilots and 52 subcarriers. The preamble consists
of 10 short training sequences and two long training sequences. Therefore, in the
system, we generally use the method of data-assisted. We use the long and short
training symbols in the preamble to carry out the carrier frequency offset estimation
periodically.

2.1 Carrier Frequency Offset Estimation Technique
in Frequency-Domain

In the case there are two identical training symbols need to be transmitted consecu-
tively, and the carrier frequency offset is e, the relationship between the corresponding
two received signals is

y2½n� ¼ y1½n�e
j2pne
N $ Y2½k� ¼ Y1½k�ej2pe ð1Þ

Among them, y1½n� is the signal of the transmitter, y2½n� is the signal of the receiver.
Using the relationship in (1), we can estimate the carrier frequency offset
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This is the famous method proposed by Moose [3]. Although the estimated carrier
frequency offset range of Eq. (2) is ej j � 0:5, when we use training symbols with D
repeating styles, the estimated range of the carrier frequency offset can be increased by
D times. If the non-zero samples in the frequency domain which need to be averaged is
reduced, the MSE performance will deteriorate. In order to calculate Eq. (2), this
estimation technique demands a specific cycle time (often referred to as a leading
period) to provide continuous training symbols. In other words, in this estimation
technique, the preamble period is applied only to the launch training sequence and can’t
transmit data symbols.
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2.2 Carrier Frequency Offset Estimation Technique in Time-Domain

Compared to the time domain algorithm [4], the frequency domain algorithm needs to
calculate the DFT of two repetitive symbols, which requires more computation and
consumes more hardware resources and time. So for the WLAN receiver in terms of
time domain method has a certain advantage. The time-domain method of frequency
offset estimation is the maximum likelihood algorithm for data-assisted operation of the
receiving time domain signal [5].

Let the transmission signal be sðnÞ, ftx represents the transmission carrier frequency,
TS represents the sampling period, n corresponds to the sampling point; then after RF
modulation, the pass band signal complex baseband model

yðnÞ ¼ sðnÞej2pftxnTS ð3Þ

At the receiving end, frx represents the carrier frequency, the received signal is
converted to baseband signal, in the case of sampling frequency deviation is ignored

rðnÞ ¼ sðnÞej2pftxnTS � e�j2pftxnTS ¼ sðnÞej2pDfnTS ð4Þ

where the deviation of the carrier between transmitted and received is Df ¼ ftx � frx.
Assuming D represents the delay between two consecutive repetition symbols and L
represents the OFDM symbol length, the delay correlation of the periodic repetition
signal is
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XL�1
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rðiþ nÞr�ðiþ nþDÞ
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When the modulus of the autocorrelation R is the maximum, s(i + n) = s(i + n+D),
then

Z ¼ Rsðiþ nÞ¼ sðiþ nþDÞ ¼ e�j2pDfDTS
XL�1

n¼0

sj j2 ð6Þ

Theoretically, R should be a real number when the frequency offset is 0. The effect
of frequency deviation is reflected in e�j2pDfDTS . Therefore, the estimated value of the
frequency deviation can be calculated as

Df ¼ � argðzÞ
2pDTS

ð7Þ
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This algorithm can estimate the carrier frequency offset by two identical OFDM
symbols. L and D is the cumulative length and the delay length. These two quantities
are based on the situation. If the short training symbol is selected for carrier frequency
offset estimation, then L = D = 16; if long training symbol is selected, L = D = 64.
Select the different training symbols, the carrier frequency offset estimation effect is
different. At the same signal-to-noise ratio, the accuracy of the long and short training
sequences is not the same for the carrier frequency estimation, as is shown in Fig. 1.

The Rate represents the percentage of mean square error of estimation of frequency
offset among subcarrier spacing. MATLAB simulation of OFDM transmission system
to generate the data as the receiving data, set the signal to noise ratio of 5–35 dB,
sampling time TS = 50 ns, adding 10 kHz frequency offset to the system. From the
simulation results, it is more accurate to estimate the frequency offset as the SNR
increases, but the estimation error of the long training sequence is much smaller than
that of the short training sequence.

For IEEE 802.11a systems, the ten short training sequence symbols and two long
training sequence symbols in the preamble can be used for carrier frequency estimation
[6]. However, for short training symbols, the sampling time is 50 ns, the delay D = 16,
the maximum frequency error that can be estimated is

fDmax ¼ p
2pDTS

¼ 1
2DTS

¼ 1
2� 16� 50� 10�9 ¼ 625 ðkHzÞ ð8Þ

For long training symbols, D = 64, then
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Fig. 1. Carrier frequency offset estimation of time domain algorithm
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fDmax ¼ p
2pDTS

¼ 1
2DTS

¼ 1
2� 64� 50� 10�9 ¼ 156:2 ðkHzÞ ð9Þ

Although the accuracy is high when the long training symbols are used to calculate
the frequency offset. However, from the hardware design point of view, the use of long
training symbols for frequency offset estimation requires more hardware resources; the
most important is the long training symbols can estimate the maximum frequency
deviation is too small, only 156.2 kHz. And the short training symbol of the estimated
range to 625 kHz, so from the frequency estimation range and the estimated accuracy
of the integrated consideration, the use of short training symbols for frequency offset
estimation is more reasonable.

3 Estimation Algorithm for Short Training Symbols

Using the repetitive periodicity of short training symbols, the maximum likelihood
algorithm is used for carrier synchronization [7, 8]. Assuming that the ideal received
signal is sðnÞ, under the influence of the normalized carrier frequency deviation fD, the
received signal is

rðnÞ ¼ sðnÞej2pfDnTS ð10Þ

If the short training symbol period is set DSTS, the delay correlation variable Cn can
be indicated as

Cn ¼
XDSTS�1
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According to the maximum likelihood estimation algorithm, the carrier frequency
deviation is

f
^
D ¼ 1

2pDSTSTS
arctan½

XDSTS�1

n¼0

sðnÞs�ðn� DSTSÞ� ð12Þ

In order to improve the accuracy of carrier synchronization, the implementation of
multiple estimates using the average
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Firstly, five sets of delay correlations are used to calculate the four points of the
correlation and the results [9]. Then, the four-time accumulation and the result are
estimated by the angular deviation, and then the average of the angular deviation is
estimated, so as to get more accurate angle deviation, as shown in Fig. 2.

In the general averaging algorithm, the length of the associated cumulative oper-
ation is the length of a short training symbol, so it can only be averaged 9 times in the
802.11a protocol [10]. In order to further improve the accuracy of the frequency offset
estimation, from the point of view of averaging, the average of the frequency offset
estimates is calculated in the calculation process to obtain more accurate results.
Assuming there are M short training symbols, the first two short training symbols are
delayed after the correlation operation, with a short training symbol in the sample
value, rather than a short training symbol for the unit, the results will be multiplied by
the results, constantly related to the cumulative operation.

The delay length is D = 16, and the short training symbol is M. According to the
characteristics of the relevant cumulative operation, the following improved algorithm
is obtained
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Fig. 2. Comparison of typical algorithm and seeking average algorithm
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When using 5 short training symbols system carrier synchronization, it can get 48
times the average [11], while ordinary short training symbols for the average algorithm
can only seek up to 9 times; In this way, fewer short training symbols can be used to
obtain multiple averages, the estimation accuracy of carrier frequency offset will be
improved. Under the other conditions remain unchanged, the simulation results of the
three algorithms [12], as shown in Fig. 3.

It can be seen from the above simulation results that the improved averaging
algorithm has greatly improved the accuracy of the frequency offset estimation, and it
can achieve the ideal effect by estimating the maximum frequency deviation and the
estimation accuracy.

4 Conclusion

In this paper, several typical frequency synchronization algorithms are analyzed, and
their performance is compared by simulation analysis. Simulation and implementation
results show that the error of the improved algorithm is small when compared with
the typical algorithm and the averaging algorithm, but the computational complexity
is increased. However, compared with the estimation accuracy, the computational
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Fig. 3. Comparison between improved algorithm and original algorithm
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complexity increases to a certain extent within the tolerable range, and only the mul-
tiplication is used in the hardware implementation. The feasibility of the improved
algorithm for frequency offset estimation using short training symbols is verified.
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