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Abstract— Mobile WiMAX is based on orthogonal frequency division multiple access technique. It,
therefore, inherited the frequency and timing offset problems which contribute to the loss of the transmitted
data. To overcome these problems, the transmitter and receiver must be well synchronized. This paper
addresses the Mobile Wimax concept and introduces synchronization algorithms for frequency, timing
acquisition, and cell search. These algorithms have been simulated under adaptive white Gaussian noise and
fading channel for different values of signal to noise ratio. The simulation results obtained show that most of
the errors have been successfully illuminated.
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1. Introduction

Current wireless communication standards fail to provide sufficient data rate, when the user is moving at
high speed. In view of this requirement for future mobile wireless communication systems, the Institute of
Electrical and Electronic Engineers (IEEE) has proposed the IEEE 802.16e standard to achieve a high speed
broadband wireless access network that can cover a complete city [1]. The standard is widely known as
WiMax, which is an acronym for Worldwide Interoperability for Microwave Access. The WiMAX network is
considered as a Wireless Metropolitan Area Network (WMAN) and is one of the Broadband Wireless Access
(BWA) techniques that have emerged as a promising solution for last mile access technology. Fig.1 shows
positions of different existing wireless access technologies in terms of mobility and data rate.
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Figure 1. Positioning of different wireless access technologies in terms of mobility and data rate.

Mobile WiMAX systems are based on the IEEE 802.16e-2005 specifications which define the physical
(PHY) and the medium access control (MAC) layers for mobile and broadband wireless access systems
operating at microwave frequencies below 6 GHz [2]. Actually, three different PHY layers specifications were
defined by IEEE 802.16e-2005. They are single-carrier transmission, orthogonal frequency-division
multiplexing (OFDM), and orthogonal frequency division multiple access (OFDMA). WiMAX systems are
based on OFDMA PHY layer specifications [3] ,[4].
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An OFDM system is highly sensitive to timing and frequency offsets. Demodulation of an OFDM signal
with an offset in the frequency can lead to a high bit error rate. Mobile WiMAX downlink (DL)
synchronization involves synchronization of carrier frequency and timing as well as identification of the
preamble index. Carrier frequency offset (CFO) may arise from the difference in natural oscillator frequencies
between the base station (BS) and the mobile station (MS). With OFDMA based systems, effective, reliable,
and efficient techniques are required to allow synchronization of remote terminals. So, synchronization
algorithms are the major design problem that has to be solved to build a successful product.

2. Wimax frame and Symbol Structure

2.1. Time Domain OFDM Considerations

The OFDM theory requires the addition of a Cyclic Prefix (CP) at the beginning of the OFDM symbol to
allow the receiver to absorb the delay spread due to the multipath much more efficiently and to maintain
frequency orthogonality. The CP occupies a duration called the guard time and is a temporal redundancy that
must be taken into account in data rate computations. The standard indicates that, for OFDMA and OFDMA
PHY layers, a substation (SS) initially searches for all possible values of the CP until it finds the CP being
used by the base station (BS). The SS then uses the same CP on the uplink. Once a specific CP duration has
been selected by the BS for operation on the downlink, it cannot be changed. Changing the CP would force all
the SSs to resynchronize to the BS.

2.2. Frequency Domain OFDM Considerations

In order to create the OFDM symbol in the frequency domain, the modulated symbols are mapped on to
the subchannels that have been allocated for the transmission of the data block. A subchannel is a logical
collection of subcarriers. The number of subchannels allocated for transmitting a data block depends on
various parameters, such as the size of the data block, the modulation format, and the coding rate. As
illustrated in Fig. 2, the number and exact distribution of the subcarriers that constitute a subchannel depend
on the subcarrier permutation mode.

In WiMAX, the subcarriers that constitute a subchannel can either be adjacent to each other or distributed
throughout the frequency band, depending on the subcarrier permutation mode. A distributed subcarrier
permutation provides better frequency diversity.

Observing Fig. 2, it can be noted that there are four types of subcarriers. Data subcarriers are for useful
data transmission. Pilot subcarriers are mainly for channel estimation and synchronization.

For OFDM PHY, there are eight pilot subcarriers. Null subcarriers are frequency guard bands and there is
no transmission on them. The DC subcarrier is the subcarrier whose frequency is equal to the RF centre
frequency of the transmitting station and its function is to simplify digital-to-analogue and analogue to digital
converter operations [5].

3. Frequency and Timing Synchronization Algorithms

This paper focuses on the synchronization part of the mobile WiMAX transceiver which consists of
packet detection, symbol timing, cell search, and frequency offset estimation.

3.1. Packet Detection and Symbol Start

Packet detection is the task of estimating the start of the preamble of an incoming data packet. It is the
first synchronization algorithm to be performed and the rest of the synchronization process depends on its
success [5], [6].

The algorithm evaluation depend the probability of detection, which is the probability of correctly
detecting an existing packet and the probability of false alarm, which is the probability of detecting a packet
given that it does not exist. Both probabilities depend on the used algorithm. For example, in double sliding
window packet detection algorithm, the energy of two consecutive sliding windows is calculated from the
received signal. The basic principle is to form the decision variable m as a ratio of the total energy contained
inside the two windows as shown in Fig. 3. )
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Figure 2. Subchannel and subcarrier permutations.
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Figure 3. The response of the double sliding window packet detection algorithm.

To explain this, let r be the received complex data after the ADC, and let M and L be the window lengths
for the first and the second window, respectively. Then the energy of the two windows and the decision
variable may be defined as:

a, = am;z [ am:’h‘n—mr (1)
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Where a is the energy confined in the n" window for the window A, and b is the energy confined in the
n n

n"™ window for the window B. This algorithm does not depend on the signal attenuation or even the
interference at the receiver as it measures the ratio of two quantities not an absolute quantity.

Symbol timing refers to the task of finding the individual OFDM symbol start and end. The symbol
timing result defines the set of samples used to calculate the DFT of each received symbol. The DFT result is
then used to demodulate the subcarriers of the symbol. After the packet detector has provided an estimate of
the start edge of the packet, the symbol timing algorithm refines the estimate to sample level precision. If L is
the length of the correlation sequence, the calculation for the cross-correlation is obtained by:

wa L-1 *
ak=0 r-n+ltk (4)

The value of n that corresponds to maximum absolute value of the cross-correlation is the symbol timing
estimate. In mobile WiMAX there are 114 different preamble shapes and storing a reference for each requires
many correlators. This is the reason why the above technique fails when applied on mobile WiMAX [7].

t. =arg max,

3.2. Frequency Offset Estimation and Correction

Carrier frequency offset due to oscillators mismatch and Doppler frequency has a great effect on OFDMA
systems since the OFDMA symbol totally depends on the subcarriers being orthogonal. So it’s important to
detect any frequency offset that occurs on the OFDM signal.

If the carrier frequency synchronization is perfect, the receiver samples at the peak of each subcarrier
where the amplitude is maximum and the inter carrier interference (ICI) is zero. However, if the carrier
frequency is misaligned by some amount, some of the desired energy is lost and more ICI is introduced. The
frequency offset-shift- can be fine or coarse. In fine frequency offset, the shift is within one subcarrier spacing
while in coarse frequency offset, the shift is within multiple integer number of subcarrier spacing [8] [9].

The process of timing and frequency acquisition takes place in both time and frequency domains as
illustrated in Fig. 4.

If the spacing of the nonzero subcarriers in the preamble is much smaller than the coherence bandwidth of
the channel, then the channel responses at neighboring preamble subcarriers are approximately equal.
Mathematically, this can be given by:

H(K +1) = H(K) + AH (K) (5)
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Where,
|AH (K)| << [H (K))|
D, (k) + P(k)P;(k -1)
A K is an index for nonzero preamble subcarriers
P,(k) is the stored preamble of index (j)

Q(K) is the received preamble in the frequency domain.
n is the normalized frequency offset
R{Q(k)Q(k -1)} is the differential signal

Then, the estimated integral carrier frequencg offset (CFO) and the preamble index are given by:
. D=argmax, ;M ©
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Figure 4. Timing and frequency initial acquisition.

4. the proposed algorithms

The proposed symbol timing technique depends on the CP nature of the OFDMA symbols. The incoming
packet slides over two windows separated by fixed distance. The size of each window is the same as the used
CP. When the packet is detected, the estimated start of the packet is shifted back and a correlation between the
fixed windows is turned on for certain period within which the maximum correlation gives an estimate for the
true symbol timing. Fig. 5 shows the illustration of this technique.

The received signal is correlated with a delayed version of itself where s the distance between

the two windows.
au L

$
(ts):arg(maxn aKzlrn+krn+m+k) (10)
The value of n that corresponds to a maximum correlation is the symbol timing estimate; where is the
CP length. The symbol timing estimate has a Probability Density Function (PDF) that makes it impossible to
fix the symbol timing point perfectly to the first sample of the OFDM symbol. Fig. 6 shows the PDF effect on
the symbol timing.
If the mean value of this PDF is the ideal symbol start, then ISI and ICI problems arise. But, as shown in
Fig. 7, the mean value of the symbol timing point can be shifted inside the CP since early symbol timing does
not create significant problems.
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To estimate the frequency offset, the CP samples are correlated in time domain to their repeated part of
the preamble OFDMA symbol. The number of samples used is chosen starting from the beginning of the
second quarter of the guard band interval to avoid the transient part affected by the channel. The estimated
frequency offset is proved by:

—r, = Sn.exp( j2/7AfnTs) (11)

Z= a;r(n)r(n + D) (12)

Z = 37 s(nexp(j2mTs)[S(n + D) exp(j27f (n + D)Ts)] (13)
Z= exp(j277AfnTs)a:_:10|Sn|2 (14)

Where is the number of compared time samples, which must be lower than the guard time and is the
index time sample. The estimated frequency offset takes the form:

1
f = angle(Z 15
2rmDTs gle(2) (15)

The use of this correlation based algorithm allows the hardware reuse since it is the same correlation
needed for symbol start algorithm. After estimating the fine frequency offset through the angle of maximum
correlation, compensating the offset is through multiplying the preamble samples by (12“@QYi). The
limitation in this estimator is the angle (Z) which has the range from “ to -*.

5. Simulation Results and Disscusion
The proposed algorithms are simulated under AWGN and dispersive fading channel with fixed point
analysis assumption.

The simulation results for the packet detection and symbol start algorithm are shown in Fig. 8. The
correlation for the multiplication is fixed at 12 bit/operation and the addition is fixed at 6 bit/operation. Results
are obtained after 250 runs at three different SNR values.
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In the case of multipath fading under fixed point, 250 runs were performed for different frames. It was
noticed that the performance is even better when applying a back off algorithm of 10 samples as a safety
factor. The simulation results of this algorithm are given in Fig. 9.
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Figure 8. Packet detection and symbol start fixed at 12 bits obtained at SNR of (a) 0 dB and (b) 5 dB.
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Figure 9. Packet detection and symbol start fixed at 12 bits with fading of (a) 0 dB and (b) 5dB.



To compute the percentage of errors for the CP based fine frequency offset estimation, 1000 number of
runs has been carried for both axes.

The area of consideration is estimated 500 times for each dB. The upper line at 2% represents the end
range of error stated by the standard for frequency offset error in estimation. The simulation results for the
fine frequency offset estimation are shown in Fig. 10 for different SNR values.
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Figure 10. Fine frequency offset estimation under: (a) AWGN (b) 16 b fixed point analysis and (c) 20 bit fixed
point analysis.

Preambles of different segments have been considered for the coarse frequency offset to make sure it
works for all 114 preambles. Under 0dB fading, the estimated coarse frequency shift is 6 and preamble
number is 90 at 240 runs. This means that the algorithm was accurate at 240 runs; these are illustrated in Fig.
11a and Fig. 12a, respectively. When the algorithm was applied under 5dB fading, the performance increased
to 250 runs as given in Fig. 11b and Fig. 12b.
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Integral frequency offset estimation under fading at 5dB
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Figure 11. Integral frequency offset estimation under fading obtained at SNR of (a) 0 dB and (b) 5dB
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Figure 12. obtained at (a) 0 dB and (b) 5 dB

To compute the probability of error the number of runs is 1000 and the channel model used is the 1TU-
channel model profile-4 with the parameters specified in TABLE 1. FFT output is fixed at 12-bit for addition.
The window size of power calculation is 30 contiguous samples. The results are shown in Fig. 13 and Fig. 14.
To reach high performance, the length of the window can be increased by using the power calculation in
packet detection. Also an interleaved power window can be used to enhance the performance against narrow
band interference.
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TABLEI. ITU CHANNEL MODELS

Parameter Description Value
Fd Doppler 500
Ns Number of channel sample 100000

functions
Ts Symbol period in micro 115.2x10°
seconds
Tc Chip duration or observation 100x10°
rate
Profile Profile choice 4
Fs Oversampling factor of the 1
pulse shape
PSYM Pulse truncated to +/- PSYM 40
symbol periods
PShape Use sinc pulse shape 1
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Figure 13. The probability of error using the second method with window size of 30 samples.
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Figure 14. The probability of error using the second method with window size of 64 samples.

6. Conclusion and Future Work

Frequency, timing acquisition, and cell search algorithms for OFDMA based mobile WiMAX have been
proposed and simulated. The timing OFDM symbol boundaries identification was done by the packet
detection and symbol start algorithms. The performance under AWGN increases with the increase of signal
power. Under multipath fading the performance is good and most of the errors are illuminated. The fine and
coarse frequency offset estimation approaches are used to align the carrier frequencies of the transmitter and
the receiver. Joint detection of the coarse frequency offset and the cell search under fading and AWGN was
obtained by these algorithms. Simulation provided accurate results and the frequency offset in the received
frame was successfully estimated. In the future, the system can be hardware implemented with FPGA
architecture for all the WiMax transceiver system. It would also be interesting to consider the design of a
graphical user interface for the system.
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