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Abstract
The packet based OFDM (Orthogonal Frequency Division Multiplexing) systems require
the fast timing synchronization using a preamble located at the beginning of the received data
frame. To detect the symbol timing of the received signal, periodicity of the preamble can be
utilized. However, the time varying gain of preamble sample values can affect the
performance of the synchronization in case the samples of the beginning part of the packet
are involved. This is due to the AGC (Automatic Gain Control) operation at the receiver.
Conventional symbol timing detectors use the very last part of the short preamble whose gain
level is settled upon the completion of the AGC operation. In this paper the symbol timing
detector is proposed using all parts of the short preamble to improve the detection
performance keeping the independence of the AGC gain. Simulation results show that the
proposed method shows compatible performance for various channel environments.
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1. Introduction
Recently, wireless data communication systems based on the OFDM (Orthogonal
Frequency Division Multiplexing) physical layer become one of the major multimedia data
transmission systems due to the advancement of the digital signal processing technology and
its robustness to the multipath fading in the broadband channel environments. Some of the
popular applications of the OFDM based system include IEEE802.11a/g/n and HIPERLAN/2
wireless local area network standards [1-3]. These standards have been developed to support
the high-speed data network which can connect various types of mobile multimedia terminals
including lab-top computers, tablet PCs, home entertainment devices, and even the smart
phones in the range of tens to hundreds of meters. The OFDM scheme is suitable for the
frequency selective fading channel since the symbol interval is relatively long compared with
the single carrier case. This is possible since the OFDM utilizes the multi-carriers each of
which transmits an independent data stream in parallel. The longer symbol interval provides
the relative robustness to the multi-path effects which is equivalent to inter-symbol
interference (ISI). The frequency selective fading due to the multi-path fading in the time
domain can be easily compensated with one-tap equalizer in the frequency domain in OFDM
receivers. While there exist many benefits in the OFDM system, the other aspects to be
carefully considered are the synchronization errors due to the interferences including the
oscillator instabilities and Doppler shifts.
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The synchronization is an important issue in the OFDM systems which require the accurate
estimation of the symbol timing and the carrier frequency offset. The errors in
synchronization procedure may cause inter-carrier interference (ICI) and ISI which in turn
results in the degradation of the overall system performance. The symbol timing detection
process tries to find the optimum starting point of each OFDM symbol window. There are
various types of timing detection methods for the fast and accurate symbol timing
synchronization [4-5]. The preamble is one of the key timing information bearing samples
which can be utilized for the synchronization. The repeated patterns of the preamble are
useful characteristics for extracting carrier frequency and symbol timing offset. In
IEEE802.11 based systems which are also known as WiFi, the preamble consists of ten short
and two long cycles of preambles. The short preamble repeats with a period of 0.8us in this
system. The short preamble is designed for carrier detection, diversity selection, automatic
gain control (AGC), carrier frequency offset estimation and symbol timing synchronization.
Among ten periods, about seven periods of time are normally devoted to the first three
operations mentioned above. In some conventional schemes only the remaining three periods
are ready for the symbol timing detection. The first part (about 7 periods) may not be ready
for the symbol timing detection depending on the method since the gain control is still on the
way where the signal level is being varied. Some of the traditional methods for timing
detection include auto-correlation and cross-correlation based method. With the autocorrelation method the fast synchronization can be obtained while relatively lower detection
probability can be achieved in the low SNR (Signal-to-Noise Ratio) cases [6]. In this type of
method the performance is also influenced by the preamble structure although the
implementation is relatively simple using the periodicity of the preamble [7]. In an effort to
overcome the problems of auto-correlation method the hybrid methods are proposed where
both the cross and auto-correlation techniques are combined [8]. The power level of the
received signal can also be utilized to further improve the performance of the hybrid method
[6].
In general the improvement of performance comes with the increase of the system
complexity. Also, the increase of the number of observation sample could improve the
detection accuracy although there might exist conflicts with the AGC operation depending on
the adopted algorithm. In this paper a new symbol timing detection method is proposed which
offers a compatible performance in the time varying signal level environment. To achieve this
goal, the proposed scheme adopts a one bit mapper where the available number of
observation sample is maximized while maintaining the detection performance.
The organization of the paper is as follows. In the next section conventional symbol timing
detection method is described with the effect of the AGC operation. In the following section
the proposed gain independent detection scheme is discussed. The detection performances are
also discussed in various channel environments including the SNR, delay spread and carrier
frequency offset. Finally, concluding remarks are followed.

2. Symbol Timing Detection based on Training Symbols
In this section a conventional timing detection scheme is discussed in the time varying
signal level environment. The discussion and the following simulation results are based on the
IEEE 802.11a physical layer frame format although the method can be applied to any
preamble based systems. The signal level of the beginning part of the receiver may fluctuate
due to the AGC operation until it reaches the target gain value of the system. The varying
gain stage normally continues for the duration of the first to seventh cycle of the short
preamble. At this transient stage, the signal might be inaccurate due to the saturation and the
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quantization noise which can occur when the received signal mismatch with the dynamic
range of the ADC (Analog-to-Digital Converter). Therefore the estimations are usually
carried out based on the samples after the completion of the AGC which is equivalent to the
eighth to the tenth cycle of short preamble symbols.
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Figure 1. Block diagram of the conventional auto-correlation based detection
scheme
The block diagram of the auto-correlation based detection scheme utilizing all short
preamble sequences is shown in Figure 1. The auto-correlation is estimated between the
received sample and its delayed version where the amount of delay Δ is set to 16 in this case.
The required operations for the estimation include a complex multiplication, an absolute
squaring and moving average filterings with a window size W=9Δ. The values of parameter Δ
and W are set such that a unique peak is generated at the output of the moving average filter.
In this figure xk is the absolute squared value of the moving average filter output as shown in
(1) [5]. Another moving average filter is used to measure the average power of the sample
whose output is labeled as yk as described in (2). The measured power is used to normalize the
correlation output to obtain the correlation coefficient ck which can be represented as in (3).
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The performance of the detector is shown in Figure 2 when the SNR is 24dB and RMS
(root-mean squared) delay spread is 50ns. We also assume that the AGC is on for the optimal
signal level [9]. The ADC resolution is assumed to be 10-bit. Here the equivalent dynamic
range of the ADC is assumed from -512 to 511. In order to analyze the accuracy of the timing
acquisition, the statistics of the estimated position are measured. The performance analysis for
the detector is carried out based on the measured CDF (Cumulative Distribution Function) of
the detection error probability. Here the detection error is defined as the sample index
differences between the actual and the detected symbol position. The CDF results of the
conventional detector are shown in Figure 2. The relative convergence speed to the
probability of one determines the detection performance. The faster convergence speed can be
translated into the better performance. The result shows that this conventional scheme is not
able to provide the acceptable detection performance even in the relatively high SNR case.
The CDF does not converge to the probability of one even for the timing errors of 16 samples
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which is equivalent to the number of samples associated with the guard interval of the OFDM
symbol. This means that this detector cannot be adopted for the case where the signal level of
the samples are time varying.
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Figure 2. Performance of the conventional detection (with AGC on)

3. Proposed Gain Independent Detector
In this section a new proposed detection scheme is discussed to overcome the performance
degradation due to the time varying signal level while maintaining the compatible detection
performance. As discussed in the previous section the performance of the conventional autocorrelation based detector is very sensitive to the variation of the signal gain level. To reduce
the effect of the AGC the one-bit mapper is placed after the ADC block. Here we assume that
the ADC block is still required for other signal processing for the OFDM receiver. The
hardware increase is not that significant due to the introduction of the one-bit mapper which
requires one simple comparator. Even further the operation after the new inserted block
becomes much simpler since the multiplications and the additions are now based on one-bit
numbers. The block diagram of the proposed scheme is shown in Figure 3 [10]. As seen in
the figure the structure is almost the same except the new insertion of a threshold detector. In
this figure the power measurement block is excluded since the power level is always constant
due to the 1-bit quantization. To confirm the effectiveness of the proposed scheme a
comparative simulation is first conducted under the same channel condition as in the previous
section. The simulation results are shown in Figure 4 in which the result of the previous
section is redrawn in the same graph for comparison purposes. It can be observed a
remarkable performance improvement with the proposed scheme. The simulation
environments are the same as before (SNR=24dB and RMS delay spread=50ns).
More simulations are done to obtain the baseline performance of the proposed scheme
under various types of noise environments. In this simulation the delay spread level is kept to
50ns and the SNR of 12 and 24dB is assumed. The results show that the detector performs
well with acceptable sample position error statistics. As shown in Figure 5 the CDF curves
are converged to the probability of one within 8 sample interval error for all ranges of SNRs
tested. This baseline simulation results provides the upper bound performance of the proposed
scheme which ultimately targets variable gain environments.
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Figure 3. Block diagram of the proposed detection scheme
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Figure 4. Performance comparison between conventional and proposed
detector (with AGC on)
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Figure 5. Performance of the proposed scheme for various noise levels (with
AGC on)
To assess the effectiveness of the proposed scheme comparative simulation is performed.
In this simulation we assume the extreme case of the gain level variation where the input to
the ADC has very large signal level. This can cause the multiple adjustments of signal gain
level through the AGC operation [9]. The other counterpart case assumes the optimal signal
level for the given 10-bit ADC which results in no gain variation at all. In the varying gain
case the initial input signal level to the ADC is assumed to be 70dB which is quite big. In the
other case the signal level is set to the optimal gain which is 29dB. The other channel
parameters are set as SNR=24dB and RMS delay spread =50ns for two cases. The simulation
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results show the performance of the variable gain case shows very close to the base line curve
which is the optimal fixed gain case. This result confirms the robustness of the proposed
scheme to the gain variation of the preamble period.
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Figure 6. Performance of the proposed detector for variable and constant
signal level
The effects of various amounts of delay spread are shown in Figure 7. For this simulation
the SNR is assumed to be 24dB. As it can be expected the delay spread of the wireless
channel affects the statistics of the detected position errors. Results show that more delay
spread degrades the performance of the timing detector. Considering the guard interval
duration of the system which is 800ns the performance of the proposed scheme is quite
acceptable even under the influence of the delay spread.
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Figure 7. Performance of the proposed detector in multi-path channels
In order to measure the impact of the CFO (carrier frequency offset), another performance
simulation is carried out assuming that RMS delay spread is 50ns and SNR is 24dB. The
results are shown in Figure 8. The CFO estimation is normally carried out at the last stage of
the short preamble. This indicates that the timing detection should be done based on the
samples with carrier frequency offset errors. The maximum CFO which is allowed in the
standard is 40ppm. The results are shown in Fig. 8 where no CFO case and the maximum
CFO case are compared. As shown in the CDF curves the performance degradation due to the
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frequency error is negligible. In other words the performance of the proposed timing detector
is almost unaffected by the carrier frequency difference between the transmitter and the
receiver.
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Figure 8. Performance of the proposed detector under the effect of CFO

4. Conclusion
In this paper, a symbol timing detector is proposed which is independent of the time
varying signal gain. The advantage of the proposed scheme is the full utilization of available
preamble symbols regardless of the stages of the AGC operation. The performance simulation
is done in the IEEE 802.11a wireless local area network system. The proposed method
combines auto-correlation and 1-bit mapping algorithms to solve the problem of the
dependency of the signal gain. This detector tries to maximize the number of observation
sample to improve the detection accuracy. At the same time the sensitivity to the variation of
the signal level is minimized. The extensive simulations are carried out for various channel
environments including SNR, delay spread and carrier frequency offset. The overall results
show that the proposed scheme shows compatible performance even with the gain variation.
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