
Chapter 18
Pilot Based Pre FFT Signal to Noise
Ratio Estimation for OFDM Systems
in Rayleigh-Fading Channel

A.M. Khan, Varun Jeoti and M. Azman Zakariya

Abstract In design of adaptive orthogonal frequency division multiplexing
(OFDM) transmission, Signal-to-Noise Ratio (SNR) is well-known to be an
informative performance measures. Channel impairments, specifically in wireless
communication degrade the performance of accurate SNR measurement and said
problem becomes more serious in low SNR regime. As a result it reduces the
performance of adaptive transmission in OFDM systems. To alleviate this problem
we develop a pilot based Pre FFT (time domain) Signal-to-Noise Ratio (SNR)
estimator in the presence of frequency selective Rayleigh fading channel. A novel
time domain SNR estimation technique is proposed that accurately measures the
Signal-to-Noise Ratio in low SNR regime, where signal plus noise power is
evaluated by using autocorrelation of received signal and signal power is indirectly
estimated from pilot power using cross correlation. Simulation results show that
proposed method has very less bias and very close to the actual SNR values.

18.1 Introduction

OFDM has been applied widely in wireless communication systems due to its high
data rate transmission capability with high bandwidth efficiency and its robustness
to multipath delay. OFDM introduces Cyclic Prefix (CP), which eliminates the
Inter-Symbol-Interference (ISI) between OFDM symbols [1] and its high data rates
are available without having to pay for extra bandwidth. With these advantages,
OFDM is widely accepted in numerous wireless standards such as Digital Video

A.M. Khan (&) � V. Jeoti � M. Azman Zakariya
Department of Electrical and Electronic Engineeirng, Universiti Technologi PETRONAS,
Tronoh, Malaysia
e-mail: abidmk77@yahoo.com

V. Jeoti
e-mail: varun_jeoti@petronas.com.my

� Springer International Publishing Switzerland 2015
H.A. Sulaiman et al. (eds.), Advanced Computer and Communication
Engineering Technology, Lecture Notes in Electrical Engineering 315,
DOI 10.1007/978-3-319-07674-4_18

171



Broadcasting (DVB), Digital Audio Broadcasting (DAB), Wireless Metropolitan
Area Network (WMAN) and Wireless Local Area Network (WLAN).

In order to exploit all these advantages and optimize the performance of OFDM
systems; channel state information (CSI) plays a vital role. A Signal-to-noise ratio
(SNR) gives a comprehensive knowledge of CSI, which allows us to decide
whether a transition to higher bit rates would be favorable or not. Similarly, SNR
estimation is required for power control, adaptive modulation, coding and channel
estimation. Therefore major input parameter for fourth generation adaptive system
is a good SNR estimator.

Mainly there are two types of SNR estimation [2], which are as follows: (1)
Data-aided (DA-SNR) estimator. (2) Non-data aided (NDA-SNR) estimator. DA is
further divided into two types: (1) pilot-aided and (2) training sequence. In pilot-
aided scheme, known information is transmitted together with data. While, in
training sequence known information is transmitted over one or more OFDM
symbols without data. In NDA estimator, no known data is transmitted and
therefore SNR is estimated at the receiver blindly. In this work, an estimator of
type DA-SNR (pilot-aided) is proposed because it works well in multipath fading
channel.

One of the most significant current discussions in SNR estimation is Pre FFT
(time domain) and Post FFT (frequency domain) estimators. Several studies have
been produced SNR estimation in frequency domain, but little attention has been
paid to time domain. Popular SNR estimators reported in literature are Boumard’s,
Ren’s and Minimum Mean Square Error (MMSE) [3].

In [4], it was assumed that the channel conditions throughout observation are
same. However, in highly frequency selective multipath channels, the assumption
is not valid, and the performance is degraded greatly. Therefore this problem is
overcome in [5], but its complexity is similar in terms of addition and multipli-
cations. In addition, pilot aided MMSE [6] is investigated in frequency selective
fading channel but it suffers when noise level increases and SNR fluctuates from
its threshold value.

Recently, in [7] Pre FFT pilot aided SNR estimation is proposed where low
MSE is achieved in flat fading channel. Therefore, to the best of our knowledge no
work has been published for pilot aided Pre FFT SNR estimation over frequency
selective Rayleigh fading channel that works well in low SNR environment.

A novel estimator presented here differs from previous methods in a way that it
is pilot aided SNR estimation in time domain, by using autocorrelation of received
signal. In addition, proposed method can accurately measure SNR which has very
less bias and very close to the actual SNR values. It can also be seen that proposed
SNR estimation performs better at low SNR.

This paper has been organized in the following way. In Sect. 18.2, overview of
proposed Pre FFT SNR estimation technique is explained. Section 18.3 addressed
the methodology used by proposed estimator. Section 18.4 described the channel
model used in simulation. Results and analysis are discussed in Sect. 18.5. Con-
clusion of the work is presented in Sect. 18.6.
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18.2 Proposed Technique

Pre FFT OFDM system model is shown in Fig. 18.1. It begins with ‘‘signal
mapping’’ block where binary information is mapped according to modulation.
Then serial to parallel conversion takes place. After that, pilot sub-carriers P(k) are
inserted along with data sub-carriers D(k), arrangement of pilots and data sub-
carriers are shown in Fig. 18.2. Therefore S(k) can be written as

SðkÞ ¼ DðkÞ þ PðkÞ ð18:1Þ

Then IFFT is applied on S(k) samples that transform frequency domain samples
S(k) into time domain s(n), which can be shown as

sðnÞ ¼ IFFTfSðkÞg ¼
XN�1

k¼0

SðkÞe
j2Pkn
NFFT ð18:2Þ

where NFFT is no of FFT points and s(n) can also be written as

sðnÞ ¼ dðnÞ þ pðnÞ ð18:3Þ

After passing through multi-path frequency selective fading channel, receiver
input signal is first passed through serial to parallel converter and then guard band
removal takes place. Therefore signal r(n) is obtained, which can be shown as

rðnÞ ¼ hðnÞ� sðnÞ þ wðnÞ ð18:4Þ

where h(n) is channel impulse response and w(n) is additive white Gaussian noise.
The h(n) can be expressed as

Fig. 18.1 Typical OFDM baseband transceiver [8]
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hðnÞ ¼ h0 h1 h2. . .hT�1½ � ð18:5Þ

where h0, h1…hT are the coefficient of channel impulse response and T is total no
of channel taps. By substituting Eq. (18.3) in Eq. (18.4), r(n) is given by

rðnÞ ¼ hðnÞ� ½dðnÞ þ pðnÞ� þ wðnÞ ð18:6Þ

The SNR estimation technique is such that it attempts to estimate the signal
power using a priori known pilots and determines the noise power from it using
measurement of total received power. Towards that end, autocorrelation of the
received signal is performed to measure the total received power which is the
value at lag zero. And in order to estimate the signal power, pilot power is
estimated with the help of cross correlation and indirectly the signal power is
deduced from it. Hence, moving on, we calculate the autocorrelation of complex
valued received signal, written as

RrrðlÞ ¼
Xn¼þ1

n¼�1
rðnÞr�ðn þ lÞ ð18:7Þ

where

Fig. 18.2 Proposed pilots and data sub carriers arrangement
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r�ðn þ lÞ ¼ h�ðn þ lÞ� ½d�ðn þ lÞ þ p�ðn þ lÞ� þ w�ðn þ lÞ ð18:8Þ

By substituting the Eqs. (18.6) and (18.8) in Eq. (18.7), the autocorrelation
Rrr(l) is written as

RrrðlÞ ¼
Xn¼1

n¼�1
hðnÞ� ½dðnÞ þ pðnÞ� þ wðnÞf

� hðn þ lÞ� ½d�ðn þ lÞ þ p�ðn þ lÞ� þ w�ðn þ lÞg
ð18:9Þ

RrrðlÞ ¼
Xn¼1

n¼�1
fRhhðlÞ� RddðnÞ þ RdpðnÞ

� �
þ hðnÞ�RdwðnÞ

þ RhhðlÞ� RpdðnÞ þ RppðnÞ
� �

þ hðnÞ�RpwðnÞ
þ h�ðn þ lÞ� RwdðnÞ þ RwpðnÞ

� �
þ RwwðnÞg

ð18:10Þ

At zero lag when l = 0

Rdpð0Þ ¼ Rpdð0Þ ffi 0 ð18:11Þ

Rpwð0Þ ¼ Rwpð0Þ ffi 0 ð18:12Þ

Rdwð0Þ ¼ Rwdð0Þ ffi 0 ð18:13Þ

By using Eqs. (18.11), (18.12) and (18.13), Rrr(l)|l=0 is given as

RrrðlÞ ¼ RhhðlÞ� ½RddðlÞ þ RppðlÞ� þ RwwðlÞ
��
l¼0

ð18:14Þ

where Eq. (18.14) represents the received signal power as function of autocorre-
lation. It can also be in written form of K

RrrðlÞ ¼ RhhðlÞ� ½K þ 1�RppðlÞ þ RwwðlÞ
��
l¼0

ð18:15Þ

where

K ¼ RddðlÞ
RppðlÞ

����
l¼0

ð18:16Þ

Therefore total Signal plus Noise Power P
0
SþN can be written as

P
0

SþN ¼ RhhðlÞ � ½K þ 1�RppðlÞ þ RwwðlÞ
��
l¼0

ð18:17Þ

Similarly, the Signal Power P
0
S can be expressed as
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P
0

S ¼ RhhðlÞ � ½K þ 1�RppðlÞ
��
l¼0

ð18:18Þ

To evaluate channel impulse response h(n), the cross correlation of Eq. (18.6) is
determined, with locally generated pilot signal. Therefore Rrp can be written as

RrpðlÞ ¼ hðlÞ � ½RdpðlÞ þ RppðlÞ� þ RwpðlÞ
��
n¼l

ð18:19Þ

where Rrp is the cross correlation between received signal and pilot carriers.
Similarly Rdp and Rwp are cross correlations of data and noise with pilots
respectively. By substitution of Eqs. (18.12) and (18.13) in Eq. (18.19), Rrp(n) is
given by

RrpðnÞffi hðnÞ�RppðnÞ
��
l¼n

ð18:20Þ

Equation (18.20) is the convolution of h(n) and Rpp(n), which can be shown in
the form of impulses

hðnÞ ¼ h0dðnÞ þ h1dðn � 1Þ � � � hTdðn � TÞ½ �; ð18:21Þ

RppðnÞ ¼ a0dðnÞ þ a1dðn 	 LÞ þ � � � aNdðn 	 NLÞ½ � ð18:22Þ

where a0…aN are coefficients of Rpp(n). Therefore Rrp(n) can be written as

RrpðnÞ ¼ a0h0dðnÞ þ a0h1dðn � 1Þ þ � � � a0hTdðn � TÞ½ � þ � � �
a1h0dðn 	 LÞ þ a1h1dðn 	 L � 1Þ þ � � � a1hTdðn 	 L � TÞ þ � � �
aNh0dðn 	 NLÞ þ aNh1dðn 	 NL � 1Þ þ � � � aNhTdðn 	 NL � TÞjn¼l

ð18:23Þ

Equation (18.23) shows that the channel coefficients h0, h1…hT are available at
different location on both sides of zero lag (±L), but only zero lag position is used
at (n = 0) due to its high energy. Therefore Eq. (18.23) can be written as

Rrpð0Þ ¼
a0h0dð0Þ þ a0h1dð�1Þ þ � � � a0hTdð�TÞ½ �

a0

����
n¼0

ð18:24Þ

and it gives

hðnÞ ¼ h0 h1 h2 . . . hT�1½ � ð18:25Þ

Finally the estimated Signal to Noise Ratio (SNR
0
) can be written as

SNR
0 ¼ P

0
S

P
0
N

ð18:26Þ
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SNR
0 ¼ P

0
S

P
0
SþN � P

0
S

ð18:27Þ

SNR0 ¼ RhhðlÞ� ½K þ 1]RppðlÞ
RrrðlÞ � RhhðlÞ� ½K þ 1]RppðlÞ

����
l¼0

ð18:28Þ

The Mean Square Error (MSE) is calculated by using following expression

MSE ¼
XI

i¼1

SNR0
iðlÞ � SNR

� �2
���
l¼0

ð18:29Þ

where (I = 1,000) is the number of iteration used for simulation. SNR0
i lð Þ and SNR

are the estimated and actual SNR respectively.

18.3 Methodology

In proposed algorithm, signal-to-noise ratio (SNR) is estimated in time domain. An
initial step of receiver is to remove the guard band from the receiver input signal
r(n). After the removal of guard band, signal r(n) is provided to autocorrelation
processor, where received signal is autocorrelated Rrr(n). To estimate the Signal
plus Noise Power P

0

SþN and Signal Power P
0

S, we required the autocorrelation of
channel impulse response Rhh(n). Therefore channel impulse response h(n) is
evaluated by taking cross correlation of r(n) signal with time domain pilot signal
p(n). In final step, time domain SNR0 is estimated by using Signal plus Noise
Power P

0
SþN and Signal Power P

0
S. OFDM simulation parameters are mentioned in

Table 18.1. It is also assumed that there is perfect synchronization between
transmitter and receiver, so no Inter-Carrier Interference (ICI) and ISI are present
in OFDM symbols. This is justified if the estimation error is sufficiently low at low
SNRs.

18.4 Channel Model

In this work, six multi-paths fading channel model (COST 207 Typical Urban
Reception TU6) for DVB-T applications are utilized in the simulations.

The taps of channel follow the Rayleigh statistics, whose parameters are shown
in Table 18.2. The static case Impulse response of channel can be written as:
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hðnÞ ¼
0:5dðnÞ þ dðn � 3Þ þ 0:63dðn � 8Þ
þ 0:25dðn � 25Þ þ 0:15dðn � 36Þ þ 0:1dðn � 80Þ

" #
ð18:30Þ

18.5 Results and Analysis

Figure 18.3 shows the cross correlation Rdp between pilots and data carriers. Pilots
carriers are inserted into data in such a manner that it produces a value of zero
when (lag = 0). It is also depicted that the value of 1.574e-18 is produced at zero
lag, which is very small as compared to other time instant values and therefore it is
neglected.

Figure 18.4 shows a cross correlation Rwp(n) of noise signal with pilot carriers.
In SNR estimation Rwp(n) plays a very pivotal role because channel MSE is

Table 18.1 OFDM simulation parameters

No of FFT points (NFFT) 2048 (2 K-Mode)

Length of cyclic prefix (NG) 512

Total no of subcarriers (NOFDM) 2,560

Total no of symbol (NSYS) 1,000

Pilots spacing (NF) 4

Numbers of pilots (NP) 512

Pilot arrangement Comb type

Pilot and data constellation BPSK

Data per OFDM symbol 1,536

Bandwidth 8 MHz

Data constellation BPSK

Table 18.2 COST 207 typical urban reception (TU6) for DVB-T application [9]

Tap number Average power (dB) Delay(us)

1 -3.0 0

2 0 0.2

3 -2.0 0.5

4 -6.0 1.6

5 -8.0 2.3

6 -10.0 5
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Fig. 18.3 (Rdp) Cross correlation between data and pilot sub-carriers at 10 dB SNR

Fig. 18.4 (Rwp) Cross Correlation between noise and pilot sub-carriers at 10 dB SNR

18 Pilot Based Pre FFT Signal to Noise Ratio Estimation … 179



proportional to Rwp(n). It is assumed that Rwp(n) is expected to be relatively small
due the arrangement of pilot carriers, which is also found at zero lag position.

An important feature of the proposed Pre FFT SNR estimation is investigated in
Fig. 18.5 [i.e. Rrp(n)]. It has been shown that Rrp(n) is the convolution of channel
impulse response h(n) and pilots autocorrelation Rpp(n). Equation (18.20) also
reflects this property of Rrp(n). It is found that the channel co-efficient h0, h1…hT

are present at every L number of lags. For illustration purpose only the first
L instants co-efficient values (L = Nfft/4) are shown in Fig. 18.5. Channel co-
efficient is estimated at first L instants because at this location high energy and low
MSE values are present.

In Fig. 18.6 the estimated SNR is plotted verses actual SNR for Rayleigh fading
channel. To improve the estimation in low SNR regime, -8 to 20 dB range is used
for simulation. It is depicted that the proposed SNR estimator has very small
deviation with respect to the actual SNR values. It is also shown that Pre FFT SNR
estimation performs better at low SNR.

In Fig. 18.7, MSE performance is analyzed over Rayleigh fading channel. The
range of SNR used for simulation is [-20 to 20 dB]. Contrary to common sense it
is observed that MSE of estimator is large at high SNR. This can be explained
from the following observation. The SNR estimation is obtained primarily from
signal power estimation. Noise power P0

N is estimated from signal power P0
S as

shown in Eq. (18.27). So, at large SNR the signal power and total power are nearly
same. Therefore, at large SNR, the noise power, estimated from it, is of the same
order as the signal power estimation error, hence the SNR estimation error

Fig. 18.5 (Rrp) Cross correlation between received signal and pilot sub-carriers
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increases at large SNR. In order to be statistically accurate; mean is obtained over
1,000 samples. It is shown that proposed estimator performs better with multipath
channel especially at low SNR environment.

Fig. 18.6 Actual SNR versus estimated SNR for Raleigh fading channel

Fig. 18.7 MSE performance of proposed SNR estimated technique for Raleigh fading channel
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18.6 Conclusion

This paper investigates a novel pilot-based (DA) Pre FFT SNR estimation, where
autocorrelation of received signal is used to estimate the signal plus noise power.
Proposed estimator performs well over frequency-selective Rayleigh fading
channel at low SNR regime. The standardization DVB-T parameters are setup for
OFDM simulation. From the simulation results it is found that a low MSE is
achieved by exploiting proposed estimator. The amount deviation corresponds to
each SNR values is measured in term of MSE and it is observed that estimated
SNR has very less bias and very close to the actual SNR values.

References

1. Ozdemir, M.K., Arslan, H.: Channel estimation for wireless ofdm systems. IEEE Commun.
Surv. Tutor. 9, 18–48 (2007)

2. Wiesel, A., et al.: SNR estimation in time-varying fading channels. IEEE Trans. Commun. 54,
841–848 (2006)

3. Ramchandar Rao, S.R.M., Anil Kumar, P.T., Srinivas Rao, K.: Comparative study of SNR
estimation techniques for Rayleigh and Rician channel. Int. J. Sci. Eng. Technol. Res.
(IJSETR) 2, 2091-2094 (2013)

4. Boumard, S.: Novel noise variance and SNR estimation algorithm for wireless MIMO OFDM
systems. In: Global Telecommunications Conference, GLOBECOM ‘03. IEEE, vol. 3,
pp. 1330–1334, 2003

5. Guangliang, R., et al.: SNR estimation algorithm based on the preamble for OFDM systems in
frequency selective channels. IEEE Trans. Commun. 57, 2230–2234 (2009)

6. Adachi, K.T.a.F.: SNR estimation for pilot-assisted frequency domain MMSE channel
estimation. In: Paper Presented at the IEEE VTS APWCS, Hokkaido, Japan, 2005

7. Gafer, A.Y. et al.: Front-end signal to noise ratio estimation for DVBT fixed reception in flat-
fading channel. In: 2012 4th International Conference on Intelligent and Advanced Systems
(ICIAS), pp. 296–300, 2012

8. Coleri, S., et al.: Channel estimation techniques based on pilot arrangement in OFDM systems.
IEEE Trans. Broadcast. 48, 223–229 (2002)

9. Khan, A.M. et al.: Improved pilot-based LS and MMSE channel estimation using DFT for
DVB-T OFDM systems. In: 2013 IEEE Symposium on Wireless Technology and Applications
(ISWTA), pp. 120–124, 2013

182 A.M. Khan et al.


	18 Pilot Based Pre FFT Signal to Noise Ratio Estimation for OFDM Systems in Rayleigh-Fading Channel
	Abstract
	18.1…Introduction
	18.2…Proposed Technique
	18.3…Methodology
	18.4…Channel Model
	18.5…Results and Analysis
	18.6…Conclusion
	References


