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Abstract

This paper deals with the problem of non data aided (NDA)
signal to noise ratio (SNR) estimation of OFDM signals
transmitted through unknown multipath fading channel. Most
of present day’s SNR estimators are based on the knowledge of
pilot sequences which is not applicable in some contexts such
as cognitive radio for example. In this paper we propose a new
NDA SNR estimator which uses machine learning algorithms
to estimate SNR. The proposed SNR estimation algorithm is
compared with existing SNR estimation algorithms, simulation
results proved that the proposed algorithm performs better than
existing SNR estimation algorithms.

Keywords NDA SNR estimation - Machine Learning - QAM
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1. Introduction

The SNR (Signal-to-noise ratio) value is defined as the ratio of
the desired signal power to the noise power in the
communication channel, SNR is an important measure of the
channel quality in many modern wireless communication
systems. SNR estimation is often required in modern wireless
communication systems since the knowledge of the SNR is
typically used in adaptive coding and modulation, soft
decoding procedures, mobile assisted handoff, and diversity, as
well as channel assignment. In literature there are two
approaches to determine SNR value in a channel. One is to
estimate the ratio of the signal power and the noise variance
directly; the other is to obtain the signal power estimate and the
noise variance estimate, respectively, prior to SNR estimation.

There are two methods for Signal power estimation.
In the first method signal power is computed by the estimated
values of channel and the pilot data known as data aided
estimation, and in the second approach signal power
information is estimated after the noise estimation by the
second-order moment of the received signal and this method is
known as non data aided estimation.

On the other hand, in determining the noise variance,
either we estimate the noise variance by the constructed new
noise samples, or we estimate the noise variance by subtracting
the estimated signal power from total received power after
signal power estimation

Several OFDM SNR estimators have already been
suggested [34] and [35] but most of them are based on the pilot
symbol knowledge. This kind of estimation method is
commonly classified as data-aided (DA). DA algorithms
proved their efficiency but cannot be applied in every context.

To overcome DA method limitations, a non data aided (NDA)
SNR estimator for OFDM systems is introduced in [2]. It can
achieve good accuracy but its performance is based on a
subjective choice of a threshold level. Moreover, the signal and
noise power are not estimated independently which results in
performance degradation at high SNR. To overcome the
disavantages of [1], K.Seshadri Sastry et al has proposed Non
data aided SNR estimation algorithm[2], in [3] non data aided
SNR estimation based on periodic redundancy induced by the
cyclic prefix is proposed but it assumes a perfect
synchronization at reception (i.e. z = 0 and ¢ = 0) which
resulted in NDA SNR estimator with reduced accuracy. In [4]
Martin VONDR et al proposed NDA SNR estimation algorithm
for speech signals, In [5],[11],[19],[31] and [34] authors
proposed various non data aided SNR estimation algorithms. In
[1] and [13] non data aided SNR estimation algorithm in the
presence of carrier frequency offset for OFDM signals is
presented. In [6] Marcos Alvarez-Diaz et al proposed SNR
estimation algorithm for Multilevel Constellations using
Higher-Order Moments. In [10] Ayesha ljaz et al proposed non
data aided SNR estimation algorithm based on sixth order
statistics. In [16] David R. Pauluzzi et al compared various
SNR estimation algorithms. This paper is organized as follows,
in section 2 the proposed algorithm is explained, in section 3
simulation results of the proposed algorithm are given and
section 4 concludes the paper.

2. Proposed Method

The block diagram used to estimate non data aided SNR in the
channel proposed method is shown in Fig 2. The input serial
data is converted to parallel stream of data using S/P block.
The parallel stream of data is modulated by QAM block, IFFT
block performs inverse discrete Fourier transformation on the
modulated signal. Finally , cyclic prefix is added by the Add
CP block before transmitting the signal. At the receiver ML
(Machine Learning) block is used to estimate SNR in the
channel. Remove CP block removes cyclic prefix in the
received signal. FFT block performs discrete Fourier
transformation operation on the signal. Demodulation block
demodulates the signal and P/S block converts parallel stream
of data back to serial data as output.

2.1 ML(Machine Learning) Block

ML block uses Machine Learning algorithms to estimate SNR
in the channel. It analyses phase and amplitude information of
the received signal and estimates SNR of the signal. The ML
block uses Logistic Regression algorithm to predict SNR,
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constellation diagram of 16 QAM is shown in Fig 1. the length
of the phasor gives the amplitude of the carrier signal and the
angle of the phasor shows the phase shift of the signal. If there
is no noise in the channel (ideal channel) the received signal
would have the same amplitude and phase as transmitted
signal. If the noise in the channel increases, the received signal
is deviated in amplitude or phase, this deviation in amplitude
and phase is directly proportional to noise in the channel i.e if
noise in the channel increases, deviation of amplitude or phase
of received signal from that of carrier signal increases. Further,
this deviation of amplitude or phase of received signal from
transmitted signal is inversely proportional to SNR in the
channel. Since, there is linear relationship between deviation of
amplitude or phase of received signal from transmitted signal
and SNR, it is a good idea to use logistic regression to predict
SNR by observing amount of deviation of amplitude or phase
of received signal from transmitted signal. The communication
system is simulated in MATLAB and data required to train and
cross verify ML algorithm is collected from the simulated
system. For the simulated system Additive White Gaussian
(AWGN) noise is added in the channel. Data consisting
amplitude and phase shift of the received signal is collected at
the various values of SNR in the channel. Deviation of
amplitude of the received carrier signal at the receiver is shown
in figure 3. Deviation of phase shift of the received carrier
signal at the receiver is shown in figure 4. Linear regression
model to predict SNR in the channel is shown in figure 5.
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Fig 2 Block Diagram of Communication system using ML
Block assisted SNR Estimation

Figure 3 Deviation of Amplitude of Carrier at the receiver

+ s commm—
+ e )
humsscmm—"
" v—
' em———
wimsenemoe w1
16 B EmoTmmmEn ) b
+ 111 o oossmemmeo |
@n b e emmanot o 11
+ 0 oo eommsmm—— 00 0 W 0
. taumemomm g o m H 8 ¢
90 e o vesemon @ W HW + ® 0
V0l vssE R e W
T T LT T T
PR e e e @ sstemR I S ¢ 40
D T T ) 0
D T T e L TR T T T O
0 DO T R T T TR )
LR N R T I )
R T T U R T T N TR} .

Figure 4 Deviation of Amplitude of Phase Shift at the
receiver
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Figure 5 Proposed Model to Predict SNR in Channel
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3. Results

To evaluate the performance of proposed estimator computer
simulations are carried out. The proposed system is simulated
using MATLAB and the block diagram of the system is shown
in figure 2. The NMSE is defined as E|(SNResti/SNRact)2|
where SNResti refers to SNR estimated using NDA SNR
estimators and SNRact refers to actual SNR. Fig. 6 shows the
normalized mean square error (NMSE) of the SNR variance
estimation versus SNR. The NMSE shown in figure 6 shows
that the estimation error is less for higher values of SNR
compared to lower values of SNR.

Figure 6 Normalized Mean Square Error (NMSE) of the
SNR variance estimation versus SNR

Figure 7 Actual SNR vs Estimated SNR

In Fig. 7 shows the comparison of estimated SNR vs
Actual SNR. Simulation results indicate that the proposed
NDA SNR estimator exhibits good results, the estimated SNR
is very close to actual SNR. Further, accuracy of estimation is
better for higher value of SNR compared to lower values of
SNR.

Figure 6 Comparison of NMSE vs SNR for the proposed
scheme with existing scheme

Comparison of Normalized Mean Square Error of the
SNR variance estimation versus SNR for the proposed scheme
and existing scheme[3] is shown in figure 8. Simulation results
confirmed that the performance of proposed scheme is better
compared to the existing scheme.

4. Conclusion

Non data aided SNR estimation algorithm using Machine
learning algorithms is proposed in this paper.

The proposed algorithm exhibited good estimation accuracy
compared to the existing SNR estimation algorithms. Further,
the estimated SNR using the proposed algorithm is very close
to actual SNR in the channel.
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