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Abstract

As a 5G candidate waveform, Universal Filtered Multi-Carrier(UFMC) technology
supports asynchronous transmission. , the UFMC systems is sensitive to the multipath
fading channel as OFDM system. Since the multipath fading channel has inter-carrier
interference (ICI) and inter-symbol interference (ISI), the performance of the system is
decreased dramatically. This paper presents a method to eliminate these interferences in
the UFMC system, based on the Least Mean Square algorithm(LMS) processing and input
by 2N point FFT frequency domain signal. The signal error is close to zero in the receiver
with the help of the iterative operation and filter processing, which can eliminate the
interference caused by the multipath fading in the receiver. The simulation results show
that the UFMC system has better bit error rate performance by means of the interference
cancellation method.

Keywords: UFMC; LMS; multipath fading channel; inter-carrier interference; inter-
symbol interference

1. Introduction

For 2020 and the future, Machine Type Communications(MTC) and Internet of
things(loT) are considered as the main driving force of the development of mobile
communications, providing a broad application prospects for the fifth generation of
mobile communication (5G). Compared with the 4G technology, the 5G technology is
able to integrate a variety of wireless access and make full use of the low and high
frequency spectrum resources, greatly enhancing spectrum efficiency and achieving
sustainable development of the mobile communication network[1]. The most important
multi-carrier modulation technique is orthogonal frequency division multiplexing
(OFDM) in the 4G technology, which are widely used in the LTE and MIMO. However
OFDM system is vulnerable to the impact of ICI and ISI. In other words, while
orthogonality is not fully guaranteed, the signal will lead to distortion, reducing the
performance of the system[2].

The novel waveform will be applied to next generation wireless communication
systems(5G), such as FBMC, UFMC, F-OFDM and FB-OFDMI3].All these new
technologies are based on the filtering methods, improving signal performance and
spectral efficiency compared with OFDM. Filter-bank based Multi-carrier relies on
dividing the spectrum into multiple orthogonal sub-bands which applies a filtering
functionality on a per sub-carrier basis. Thus the FBMC side-lodes become weaker than
OFDM and inter-carrier interference(ICI) issue will be reduced. But the frequency
response of the filter requires very long filter lengths. UFMC, which is known as UF-
OFDM, can be parameterized to OFDM[4]. It is known that FBMC performs a per sub-
carrier filtering and OFDM applies a filtering operation for the entire frequency band[5].
However, UFMC collecting the advantages FBMC is promising while avoiding its
drawbacks, which applies a filtering functionality per sub-band instead of per sub-carrier
or entire band[6]. This makes it advantageous for communication in short uplink bursts
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and asynchronous transmission, as required in potential application scenarios of 5G
systems[7].Lack of cyclic prefix(CP) in the UFMC systems, the synchronization and
channel estimation become challenging tasks. The delay speed effect of multipath fading
channel causes inter-carrier interference and inter-symbol interference[8].Due to the
multipath fading channel and Doppler effect, the performance of UFMC system will be
reduced dramatically. Thus it is essential to effectively reduce the interference and
improve the transmission reliability which has become the focus in this field.

Up to now, the literature has predominantly addressed OFDM and OFMD/OQAM
interference reduction. But no much more documents are about the adaptive interference
suppression algorithm in UFMC system. A method based on adaptive filtering is proposed
to eliminate the interference caused by carrier frequency offset in OFDM system[9].
Adaptive filter automatically adjusts the filter coefficient until the error is minimum, and
finally the output signal is obtained at the receiver. [10] designed an least-mean-
square(LMS) algorithm that each OFDM symbol estimates the complex coefficients by
utilizing pilot signals and the received signal is added to each of the complex coefficient.
After a number of overlapping operations, inter-carrier interference(ICIl) and common
phase error (CPE) is close to zero. Thus the proposed method can reduce the ICI. Because
of no need for training sequences and symbols to be transmitted, there is no loss of
bandwidth efficiency. Active Interference Cancellation(AIC) is widely used in the OFDM
or OFDMA system.[11] discussed to reduce inter-sub-band interference by incorporating
Active Interference Cancellation(AIC) into the UFMC system. But the method adopts the
matrix and is more complex.

In this paper, an adaptive algorithm based on least mean square error (LMS) is
proposed, which is essentially a statistical gradient algorithm for minimizing the mean
square value of the received signal and the transmitted signal. The methods to eliminate
the interference is utilizing LMS algorithm and adaptive filter. Through several iterations
to update the filter coefficients and according to the value of the FFT output of the
receiver, the error in the receiver is close to zero and finally to obtain the desired signal.
The complexity of the algorithm is not high because of no matrix operations. Motivated
by the proposed LMS, in this work, the step size is the maximum eigenvalue of the
frequency domain signal at the receiver and varies according to the input frequency
domain signal. Thus these interference can be eliminated caused by the multipath fading
channel in the received signal, improving the bit error ratio(BER) performance of the
UFMC system.

2. UFMC System
The structure of UFMC system is

40 Copyright © 2017 SERSC



International Journal of Future Generation Communication and Networking
Vol.10, No.5 (2017)

—
S—={ N-IDFT _
: +P/S o
—
—
S.—» N-IDFT Baseband
z > To RF
: +P/S o
—
s
B—:> N-IDFT -
: +P/S
— .
noise n
e
b - Time domain
*— preproce—
- Frequency | A ‘ B RF To |_
- 3 - Domain . . | ssing (Ef' g w Baseband |
9 S - Symbol : 2N-FFT indowing)
B2 Processing (e - +S/P
97} a . e . >
-4— subcarrier |4 N 0
-4+— equalization) . .
l«—— 0 zeropadding
-

Figure 1. UFM//C Transceiver Architecture

In the UFMC system, the overall K sub-carrier are divided into B sub-bands

and groups of sub-carrier are filtered. The number of sub-carriers on the sub-band I is

Ki,KiB - K. Every sub-band is FFT point N Thus the signals of the sub-band I in

frequency domain is converted into time domain transmit Si (n) by IDFT and can be
expressed as

s;(n)= izsi (k)emkn/N
N k=1
n=0,....,N -1 (1)

Where | is the sub-band index.
UFMC filters bundles of sub-carriers and each sub-band is filtered by the Dolph—

Chebyshev filter with the length of L. The filter can be same or different. Assuming that
the filter of each sub-band is the same and with the length of L Then the output signal

%; of the sub-band 1 can be written as
x, () =s, (N)* f, (N)=>_ f,x (n—1)
N—0,..,N +L—1 @)

In the ides case, the discrete-time transmit signal of UFMC can be formulated as

() =35, () 1,(n)

=iiiﬁi%@”wﬂn)

n=0,.,N+L-1 (3)
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where N and I are time symbol index respectively. Si (k) is the K -th sub-carrier of

the 1-th sub-band. N is IDFT points of the I -th sub-band. B is the number of sub-

bands.
The signal transmits in the frequency selective fading channels. Thus discrete-time
channel pules respond can be written as

=[roh 1] “

In the UFMC system, it is assumed that the signal is transmitted over a multipath
fading channel. After B sub-bands are filtered, the receive signal can be expressed as

V-1
y(n)=>_h(v)*x(n-v-t)+z(n)
v=0
V-1 B
= h(v)*[Z“(si (Nn—v—r1)=*f (n))j+ z(n)
v=0 i=1 (5)
Where z (n) is complex Gaussian noise with zero mean and variance c’ :

At the receiver, zeros are padded in order to perform the 2N-point FFT. Thus the
received time domain signal is converted into frequency by 2N-point FFT and given as

N+L-2
Y (k) = Z r(q)e_jznkq/ZN , k=0,1---,2N-1
- (6)

According to the characteristics of Fourier transform,(6) become

2N-1
Y (k)= 2 H(u)S, (1)F(u)
u=1
B 2N-1

+ 2, 2 H(u)S, (u)F(u)+Z(k)

:Hz(’k)si:(k)F(k)""llu(k)+|'5'(k)+z(k) (")

Because of multipath fading channel , inter-symbol interference(ISI) and inter-carrier
interference(ICl) cannot be mitigated in the UFMC system .Form the above formula (7), it
can be seen that signal is distorted in the UFMC system and its performance is
down[14].Therefore, it is essential to eliminate the interference caused by the multipath
fading channel and the Doppler effect in the UFMC system.

3. Adaptive Interference Suppression Algorithm

In order to eliminate the interference of UFMC system, it is needed to select the
frequency domain signal and the reference signal. The structure of the proposed scheme is
illustrated in Figure 2.
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Figure 2. Receive Structure

As can be seen from the figure, the receiver of the UFMC system is added an adaptive
filter based on LMS. The feature of LMS algorithm has been widely used in OFDM
system, and the improved algorithm is applied to the UFMC system in this paper.

The LMS algorithm is a linear adaptive filtering algorithm, it can automatically adjust
the filter coefficients according to the change of the input signal. Adaptive filters are
widely used in system identification, interference cancellation and prediction. In this
paper, the LMS adaptive filter is adopted to eliminate the interference caused by the
multiple path channel in the UFMC system. Least mean square (LMS) and recursive least
squares (RLS) are mostly used to update the filter coefficients adaptively. The adaptive
filter adjusts its coefficients until it obtains the same desired signal as the reference signal,
i.e. the signal has no error. Therefore, the adaptive filter can reduce the ICI and ISI caused
by the channel by optimizing the filter coefficients.

The process of the interference cancellation of UFMC system using adaptive algorithm
is as follows:

A. Firstly, the frequency domain signal Y (k) the filter coefficient vector estimation

value W<k) and the expected signal d (k) are applied. Because of I‘(k) and

(k) are a stochastic process, the error signal e(k) is also a stochastic process.
We can write the error signal in

e(k)=d(k)-r(k)

=d(k)-WT (k)Y (k) ®)

Where v (k) is the output of filter. d (k) is the transmitting of transmitter. d (k)
can be found by

©)

r
The output of the filter ( ) is represented by the frequency domain Y (k) signal

r
and inner product of weight vector. So the ( ) can be expressed as

r(K)=WT (k)Y (K) =Y (K)W () -

Where T is the vector transpose.
According to the LMS algorithm, the minimized cost function is denote as
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C(k)zE(ek(p)e:(p))’pzl’z’”' (11)

*
Where E is expectation. The superscript s conjugate.

In order to determine the adaptive filter coefficients of the K -th sub-carrier.It is
required multiple iterations until the error signal is small enough.

B. The step size M is used to estimate the weight of the filter weight by the LMS

algorithm, initializing W (k)zoat the first time. It is an important parameter,
and the expression of the coefficients of the filter updated by the LMS algorithm is

denote as
W (k +1) =W (k) +2pe (k)Y (k) W)
The range of lu value is defined as
O<u<ll), 3

Where M is the largest eigenvalue of the Y (k) auto correlation. From the
definition of convergence, the size of the step size should be as small as possible, so that it
converges to an optimum value. In the conventional LMS algorithm, the step size is fixed,
while the step size in this paper is changed according to the frequency domain signal.

C. The output signal y(k) is obtained after filtering. In order to obtain the desired
output, the filter constantly adjusts the filter coefficient so that the mean square
error reaches a minimum of 0.

4. Simulation Analysis

After the theoretical analysis of the process of the adaptive algorithm, the simulations
are performed to demonstrate the efficacy of the proposed scheme in this section. This
section will adopt the MATLAB simulation software to analyze the performance of the
interference which is caused by the multipath fading channel and LMS adaptive
interference suppression algorithm. In the simulation, we compared UFMC with LMS
algorithm and its performance. In order to better illustrate the usefulness of the proposed
algorithm, the BER performance of UFMC and the proposed UFMC-LMS are compared
under different channel conditions.

In the UFMC system simulation, the related parameters are as follow: FFT size of
N =1024 filter length L =20 and the number of sub-bands B=10 The UFMC data
symbols are modulated by QPSK technique. The number of sub-carriers in every sub-
band is 12. we assume that no guard sub-carriers between two consecutive sub-bands and
all sub-bands are filtered by the same filters. The filter is Dolph—Chebyshev filter with

30dB side lobe attenuation. The multipath fading and AWGN channel are considered. In
the simulation process, the LMS equalization method is used to carry out the frequency
domain equalization, which does not include the channel coding. Due to the influence of
the multipath fading channel and the Doppler effect, the transmission signal will be
distorted. Because of the adoption of the proposed LMS algorithm, interference can be
eliminated which is caused by the channel in the UFMC system. As a result, the output of
the system is substantially constant with the BER that is not subject to multipath fading
channels. When the signal is transmitted in the 2-path fading channel and the input signal
to noise ratio is 20dB, the constellation diagram of the UFMC system is
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Figure 3. The Receiving Signal Constellation

As can be seen from Figure 3, the transmission signal is affected by the multipath
fading channel and the constellation points have been dispersed. In the case of lower
SNR, there will be a false decision. Therefore, in order to ensure the effective
transmission of the signal and the interference cancellation of the signal at the receiver is
worth studying. Due to the adoption of the proposed LMS algorithm, the interference can
be eliminated caused by the channel in the UFMC system. Figure 4 shows the
performance of UFMC system in different channel.
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Figure 4. Performance of BER of UFMC System in Different Channel

It can be seen that the bit error rate increases with the increase of channel attenuation,
the signal bit error rate increases. Thus it is necessary to reduce the interference of UFMC
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system. The simulation result of the proposed algorithm in different SNRs is illustrated in

Figure 5.
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Figure 5. Performance of Proposed LMS Algorithm in Different Channels

Based on the Figure 5, it could be find that the proposed LMS algorithm is more better
than the conventional LMS algorithm to reduce the ICI and ISI of UFMC system in the
multiple fading channel. Thus the step size is the maximum eigenvalue of the frequency
domain signal at the receiver, and the performance of the system will be better when the
minimum value is taken.
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Figure 6. Performance of Interference Suppression of UFMC System in
Different Channels
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With the increase of SNR, the proportion of ICI and IBI to the performance of system
is increasing, but new method to improve the performance of the system is more and more
obvious. From the above analysis, we can see that the proposed LMS algorithm in this
paper can effectively restrain the interference caused by multiple fading channel under
given simulation conditions.

5. Conclusion

In this paper, an adaptive interference suppression algorithm is discussed for a novel
5G candidate waveform technology of UFMC modulated by QPSK, and the performance
of the system is analyzed in the multiple fading channel. It can be found in the simulation
that the performance of UFMC system is improved in multipath channel. Detection and
removal of interference in channel are important points to be solved in UFMC system.
This adaptive filtering technique based on the LMS algorithm turn to eliminate the
interference caused by the multipath channel. The simulation results show that the
proposed frequency domain interference suppression method can avoid the interference
energy leakage, effectively reduce the impact of interference, and the bit error rate of
system has a significant improvement.
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