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Abstract:

In this paper, the orthogona frequency division multiplexing (OFDM)- based Wi-Fi
|IEEE802.11a signal parameters (bandwidth, subcarrier spacing, and the number of sub-
carriers) are experimentally estimated over aband of signal to noise ratio (SNR) values.
The estimation of the considered OFDM system parameters is blindly done with the aid
of OFDM power spectrum properties. The estimation is evaluated under the assumption
of additive white Gaussian noise (AWGN) and frequency selective multipath fading
channels. The proposed estimation technique based on power spectrum processing
technique which takes full advantage of the cryptic period of the OFDM signal. It was
shown that the proposed method is applicable for medium SNR and it requires low
computational complexity.
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1. Introduction:

OFDM has been selected as a candidate for many civilian and military applications.
This is because of its robustness against frequency selective fading channel, and its
capability of transmitting high data rates over wireless channdl [1, 2].

OFDM was widely employed in the recent decades as a modulation scheme that adopts
multiple carriers with equal frequency intervalsto form high data rate transmission

[1, 2]. OFDM based Wi-Fi IEEE802.11ais a multi-carrier modulation scheme, which is
capable of transmitting data at rate up to 54Mbps when using 64-QAM [3].

The well-known of communication signal parameters such as signal bandwidth, spacing
between subcarriers, and the number of subcarriers are very important in civilian and
military applications such as cognitive radio (CR). CR is an intelligent device, which
has to be aware of its propagation environment and adapt itself by making rea time
changes to its operating parameters. Thus, it is necessary to develop a blind OFDM
parameters estimation algorithm to estimate these parameters.

Detection of spread spectrum signals was developed using power properties of the
signal over AWGN channel in [4, 5]. In [6], an approximate method to detect spread
spectrum signa depending on its power over flat fading channel was driven. The
authorsin [8, 9] et. al. use the autocorrelation function periodicity property of OFDM
signal in time domain to analyze and intercept this signal depending on second order
cyclo-stationarity.

In this paper, an experimental method for blind estimation of OFDM based Wi-Fi
|IEEE802.11a signal parameters using its power spectrum properties is presented. This
estimation is done for OFDM signal at different SNR values.

The idea of the proposed method is based on using the signal power spectrum width to
calculate the signal bandwidth, while the separation between two peaks of the square of
the autocorrelation function is used to calculate the subcarriers spacing. The number of
subcarriers is evaluated by investigating the obtained data of signal bandwidth and
subcarriers spacing. The proposed method depends on the periodicity of OFDM signal
spectrum in frequency domain and the properties of the autocorrelation function in time
domain.

The paper is organized as follow. The OFDM signal model is presented in section 2. In
section 3 an analysis of the power spectrum of OFDM signal over AWGN and
multipath fading channels is proposed. In section 4 a computer based simulation and
results are presented. Finally, section 5 concludes the presented work.
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2. OFDM signal mode :

The OFDM signal transmitted over wireless channel can be written as [10]

K
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where K is the number of subcarriers, Af is the frequency separation between two

1

adjacent subcarriers equal to Ts (Ts--OFDM symbol period), Ax and P« are the
amplitude and the phase of k™ subcarrier.

At the receiver, the signal is affected by multi-path time dispersive channel thus the
OFDM signal can be written as[11, 12]
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where k(tn) is the channel response due to multipath, T= is the delay of the n** path.
And N isthe number of paths.

3. OFDM signal interception:

OFDM based IEEE802.11a signal parameters are experimentally estimated under the
assumption of the cases: AWGN channel and multi-path time dispersive channel.

From equation (1) and the definition of the Fourier Transform, it is noticed that A el
is the signal definition in frequency domain, thus the OFDM signal can be introduced
by Fourier transform for one symbol period as[14]

K
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where 6 isthe dirac delta function.
and the signal power spectrumis

Py = x €. xH () = Ic(OIF (4)
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where fl  represents the Hermitian of the vector signal.
If many symbol periods considered thus the signal’s spectrum is written as [14]

Xo(f) = x(Fex,(f)
K
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where ® represents convolution operation and Xx(f) is the Fourier transform of
multiple data symbols of the k™ subcarrier. Then the power spectrum can be written as

Po(f) = xo(H)- x5 ()
K

- ?] D ALl (f — kafOr ©)
k=1

From equation (6), it can be noticed that the power spectrum of the OFDM signal is
periodic with period equal to Af . After detecting the signal power spectrum, apply the
inverse Fourier transform and square. The result is a representation to the square of the
autocorrelation function of the signal.

R@ = IFFTIP,(fN (7)

X = IFFTIP, (f NP (8)
Thisleadsto

x(@) = clR(—T)F = cIR@F 9

where c is a constant, and R @js the autocorrelation function of the OFDM signal which
is even function. It is seen that the power spectrum processing is the square of the
modulus of the autocorrelation function.
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Case 1: AWGN Channel
The OFDM signal model over AWGN channel can be written as

T®) = x@)+n®) (10)

where ) jsthe AWGN

The power of the received signal is

Pr(f) = Po(f) + Pu(f) (11)

where Pn(f) is the noise power spectrum equals to Na. The processed spectrum is
written as [14]

x(,) = UFFTIR.(FIF

— UFFTIP,(f)+ N,IF _

— UFFTIP, (PP +|IFFTINI + 2llFFTIPo(F)UFETIN,]|
_IN, 5. 5GP + IR, @&, F + 12N, .. R, 0.5,

(12)

where Ro (@) is the autocorrelation function of the signal and € is a constant. The noise
spectrum processing has only one peak at zero, and the OFDM signa autocorrelation
function has narrow pulses appear periodically at Ts.

Figure (1) shows the power spectrum processing over AWGN channel at SNR=3 dB.
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Over AWGN channel
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Fig. (1) Power spectrum processing over AWGN channel.

In figure (1), the processed spectrum has a peak at the center due to the noise power and
has two side lobes at R(—7) and R@,

Case 2: Multipath Fading Channel

Multipath in a communication channel causes signal fading, where the received
signal isthe sum of multiple replicas of the original signal. It can be represented as

N
Xp@®) = ) XORE - Tn) (13)

=1

For simplicity let N=2, signal from path number “1” is X@ and signal from path “2” is
RX (L + Af)es3TrAL

where & represents the attenuation coefficient between paths, and at represents the
delay between paths. At is considered very small, which can be approximated as
x(t + at) = x(@).
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x7@ =x)(1 + hel27rht)

The channel transfer function can be written as

/)= ()
= 1 + nelmrA
and the channel amplitudeis

AP = IHPI
=v1 4+ 8+ 2rcos(2mfAL)

Now processing the signal as represented in equation (11)

xpte) = IFFT [e(NPIHOF]
= UFFT{x,(fIFIA 4 »*)+ Zrcos@uf at)}f*
= + »*)cIR, @ F + w*clIR (T, — AP + IR, (T, + ADIF]

Figure (2) shows, the power spectrum processing over fading channel with SNR=3 dB

according to equation (17).

(14)

(15)

(16)

(17)
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over fading channel
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Fig.(2) Power spectrum processing over fading channel.

It is noticed that the signal bandwidth in case of fading channel becomes wider than in
case of AWGN channel dueto time delay of the signal replicas (Tn — AL (Tn + AL),

4. Simulation and Signal Parameters Estimation:

In this section, the OFDM parameters -based |IEEE802.11a- will be estimated
experimentally using power spectrum and processed power spectrum properties. This
parameters estimation is averaged over 100 runs for different values of SNR.

The standard parameters of OFDM signal are given in table (1).

OFDM signdl Bandwidth Number of Subcarriers spacing
subcarriers
|EEE802.11a 20 MHz 64 312.5 KHz

Table (1) The standard OFDM signal parameters
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Simulation was executed using the computer based program (Matlab 2013), to estimate
experimentally the parameters of the OFDM based |EEE802.11a Wi-Fi signal.

The simulation parameters are set as follows according to the IEEE802.11a standard:
the OFDM bandwidth is 20 MHz with an occupied bandwidth of 16.6 MHz, the number
of subcarriers are 64, where 48 of them represent the useful data, 4 are pilot tones and
12 are set to zero with a carrier separation of 0.3125 MHz. The Symbol duration is 4
microseconds, which includes a guard interval of 0.8 microseconds. The time domain
signal is generated by taking an Inverse Fast Fourier transform (IFFT). The Sampling
frequency is 20 MHz.

a) Bandwidth estimation:

The estimation of the signal bandwidth will be done for different values of SNR (-3 up
to 5 dB). By using a periodogram algorithm in order to estimate the average power
spectrum [15], its length is L. The two end point frequency positions of the power
spectrum are (a, b).

Then the signal bandwidth (B-W ) is
B.W =round [{b - a].f—5 (18)

L
where fs isthe sampling frequency. Thisis shown in figure (3)
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Fig.(3) Power spectrum of OFDM signal

In figure (3), the two end point frequency positions a, and b are declared. A fading
channel with 6 pathsis applied. For a SNR less than 2 dB the signal was merged in the
noise and the required data was not obtained to determine the signal bandwidth. Thisis
shownintable (2).

b) Subcarriers spacing and Number of subcarriers:
The signal subcarriers spacing estimation will be done for different values of SNR

(-3 up to 5 dB). Mesasure the spacing between two adjacent pesks D for the processed
spectrum as shown in figure (4), then calcul ate the subcarrier spacing as

of =15 (19)

from the signal bandwidth and the spacing between subcarriers, the number of
subcarriersis
B.W

A
For SNR less than -2 dB the processed signal was merged in the noise and the required
data was not obtained to determine the subcarriers spacing. Thisis shown in table (2).

K =round (20)
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Processed OFDM signal
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Fig. (4) Power spectrum processing of OFDM signal.

Processing the signal with SNR less than 1 dB make the detection of the signal power
spectrum not possible, then the calculation of the signal band-width is not done. But the
detection of the square of the autocorrelation function can be recognized, thisis fulfilled
for SNR=-2dB. Thus the subcarrier spacing could be estimated.

SNR (dB) Bandwidth Subcarriers spacing Number of
(MH2) (KHZz) subcarriers
-3 - - -
) - 312.5 -
1 - 312.5 -
2 20 312.5 64
3 20 312.5 64

Table (2). The estimated OFDM signal parameters.
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5. Conclusion:

In this paper, OFDM based |IEEE802.11a signal could be intercepted by processing
power spectrum of the signal. This method is applicable for both AWGN channel and
multipath channel. It can eliminate single carrier signals by periodic detection of the
spectrum processing of the OFDM signal. The parameters of the OFDM signal (signa
bandwidth, subcarriers spacing and number of subcarriers) are estimated for medium
SNR. Simulation results were done using SNR=(-3 up to 5dB) for both AWGN and
multipath channels. The signal band-width could be estimated for SNR greater than 2
dB, while the subcarrier spacing could be estimated for SNR more than -2dB.
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