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Abstract

Diverse methodologies of encoding schemes like space-time block codes (STBC), orthogonal space-time block codes (OSTBC) &quasi-
orthogonal space-time block codes (QOSTBC) are being proposed as alternatives of basic Alamouti space-time encoding scheme for
multiple input multiple output (MIMO) scheme for existing wireless communication systems. Since filter bank multi-carrier (FBMC)
scheme is an integral part of the 5™ generation (5G) cellular systems, the performance of these schemes needs to be investigated for
FBMC methodology also. Alamouti and Space-time block codes are widely used in MIMO system because of their ability to achieve full
diversity and the different channels are used at the receiver. In this work, we proposed different approaches for the bit error rate (BER) of
Alamouti, STBC3, and STBC4 in FBMC. These approaches are based on the type of space-time encoding and number of receiving an-
tennas being used for each space time encoding scheme for analyzing the MIMO-FBMC. Moreover, we also investigation the perfor-
mance of these proposed MIMO schemes over Rayleigh and additive white Gaussian noise (AWGN) channel and compared it with the

performance of BER or signal to noise ratio (SNR) of different channels.

Keywords: FBMC, BER, SNR, STBC3, STBC4, MIMO.

1. Introduction

FBMC defines as Filter Bank Multicarrier. The first multicarrier
schemes were developed in 1960 and these were based on filter
bank [1]. It is a development of OFDM methodology and aims to
overcome some of the issues. One of the main disadvantages of
the OFDM is using a cyclic prefix. The cyclic prefix is basically a
copy part of a transmitted symbol in OFDM that’s attached to the
start of the same symbol. The throughput of the transmission re-
duces due to redundancy and power is also wasted. In FBMC, at
the transmitter side the multicarrier modulation function will be
carried out by the IFFT and at the receiver side, the multicarrier
demodulation will be the responsibility of FFT. Another disad-
vantage of OFDM the spectral leakage and interferences for which

the weak spectral localization of the subcarriers is the main reason.

Channel bank multicarrier is an improvement of OFDM. A utiliza-
tion of filter banks channels that are executed, typically using
digital signal processing techniques, FBMC. In OFDM systems,
when carriers were modulated then side-lobes spread out on either
side. With the help of filter bank system, these weak carriers are
removed and give better results.

Input Digital Channel
» IFFT [ Filters >
Filter Bank

Fig. 1: Basic Diagram of Filter Bank

2. Literature Review

Markku Renfors et al. [2] demonstrate that the previous transmis-
sion systems depend on the OFDM technique to achieve the goals.
OFDM has many negative points; the big challenges are of the
cyclic prefix. Cyclic prefix causes the loss the capacity and band-
width. It required maintaining the orthogonality among all the
subcarriers. Due to the limitations of OFDM, FBMC introduced in
the radio communications systems. Filter bank multicarrier can
achieve higher channel capacity than OFDM because of the low
spectral leakage. The spectral components are interfering to obtain
very sharp frequency selectivity and they can be used very effec-
tively. This can be done in very flexible manner.

Ari Viholainen et al. [3] give the overview of the physical layer of
FBMC. The IFFT (inverse fast Fourier transform) work as the
modulator and FFT (fast Fourier transform) work as the demodu-
lator in the FBMC transmitter or receiver side respectively, and
the IFFT and FFT are cascaded. Due to the cascade structure of
serial to parallel conversion and parallel to serial conversion the
one symbol delay has occurred at the FFT output with respect to
the IFFT input symbol. When all the FFT symbols are obtained
then the bank of filters are also obtained. It gives the idea about
the different type of modulations like Multi Pulse Modulation
isolation in time etc. In FBMC physical layer two different types
of filters are used such as Synthesis Filter Bank (SFB) in OQAM
Preprocessing or in modulator part and Analysis Filter Bank (AFB)
in OQAM Post Processing or in Demodulator part. Saeed
Afrasiabi Gorgani [5] depicts a basic idea of OFDM/OQAM with
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Synthesis and Analysis Filter Bank. In Cosine Modulated Multi-
tone (CMT) real value (0 or 1) are used and in Staggered Modu-
lated Multi-tone (SMT) used only imaginary or complex values.

Duplexing is a two-way communication between transmitter and
receiver. The forward direction is called uplink and in the reverse
direction is called downlink. Yonghong Zeng et al. [6] demon-
strate about FBMC duplexing. In FBMC uplink and downlink
happen simultaneously and add some mechanism to separate the
signals so that signals will never overlap with each other. In TDD,
different time slots are used and in FDD, different frequencies
(guard bands) are used for to overcome interference problems. In
OFDM duplexing the signals are orthogonal to each other so that
downlink and uplink signals are not overlapped with each other.
Loss of synchronization may also result in loss of orthogonality
between the subcarriers. OFDM duplexing uplink and downlink
signal don’t interfere with each other because they are orthogonal.
It may be destroyed by loss of synchronization. FBMC as com-
pared to OFDM is better, FBMC uses localized prototype filter.
FBMC signal is more immune to the timing errors and frequency
offsets in both time and frequency domain which result in reduc-
tion of null subcarriers thereby controlling the out-of-band emis-
sions. However, the FBMC performance also suffers from diverse
parameters such as high dynamic range, high peak to average
power ratio (PAPR), etc.

Qinwei He et al. [7] proposed a closed shape expressions of the bit
error probabilities for both two techniques are derived and ap-
proved. The outcomes reveal that the executions of these two
techniques are similar when the ideal reconstruction conditions are
satisfied. In any case, the FBMC procedure has less out-of-band
power leakage because of lower side projections. With an increase
in the equalization complexity, the cyclic prefix enhances the
bandwidth efficiency of the system. Further research can focus on
the new adjustment procedure for PPN-FBMC which diminishes
the multifaceted nature of moderating the signals.

An Alamouti’s scheme used for Filter bank multicarrier (FBMC)
to overcomes the problem of intersymbol interference (I1SI). By
using Alamouti’s methods with FBMC modulation there are some
application issues are being discussed. Due to error propagation,
only interference are not effectively removes with receiver
schemes. R. Zakaria et al. [18] shares own views regarding some
arrangements such as STBC and space frequency block coding
(SFBC). These are used for canceling the effect of interference.
After that Alamouti’s decoding are used by interference canceller.
In which basic 2x1 Alamouti’s coding methods are used. Filter-
bank multicarrier gives the solution to overcome the problems of
orthogonal frequency division multiplexing (OFDM). In FBMC
filters are used so there is no need to insert guard intervals. FBMC
gives the high spectral efficiency [1]. During the decoding pro-
cess self- interference is not removed automatically.

FBMC modulation used two types of filters and these filters are
overcome the problem of interference. Didier Le Ruyet et al. [21]
elaborate the effect of defective channel state data (CSI) because
of criticism interface on the execution of MU-MIMO framework
utilizing Filter bank multicarrier (FBMC) balance. It depicts that
the number of users is less than no. of transmit antennas then it
gives better results. The bit error rate (BER), the capacity of
MIMO and orthogonal frequency division multiplexing (OFDM)
are similar to each other. Due to distribute of interference, results
are analyzed in theoretically forms. OFDM is depended upon the
number of interferes, for a given bit error rate target is set, the no.
of feedback bits per channel vectors are high.

Zuleita Ho et al. [23] discussed QAM-FBMC. Specifically, Filter
bank multi-carrier framework (FBMC) is considered as a promis-
ing post-OFDM challenger. Quadrature amplitude modulation
(QAM) is based on FBMC (QAM-FBMC).In OFDM and FBMC

comparison, FBMC has better results as analyzed as to orthogonal
frequency division multiplexing, at the cost of imaginary interfer-
ence makes MIMO more challenges. Ronald Nissel et al. [24]
discussed the spread symbols in time and frequency domain so
that with the help of this imaginary interference will remove from
the system. Spreading process has low complexity due to present
of Hadamard matrices. In FBMC within one transmission blocks,
spreading allows restoring complex orthogonality; by this examine
interference in neighboring blocks. Signal to Interference ratio can
be removed by using guard time-slots. Moreover, the more ways
to find the effects of time-variant channels on such spreading ap-
proach. In the end, test bed measurements depict the applicability
of our FBMC based MIMO transmission scheme in real-world
environments. When block-wise transmission is needed then use
guard slots and interference will be decreased.

When Hundreds of antennas are used at the transmitter and then
the signal undergo Rayleigh fading. Basically, large numbers of
antennas are used on the transmission side and receiving side to
achieve high data rate, high Capacity and reliability are also im-
proved. Arti M.K. et al. [25] indicate the information for
Alamouti’s code used to achieve overall data rate for orthogonal
Space-time block code (OSTBC). One advantage of OSTBC is
that it has no requirement of channel state information at the
transmitter for obtaining the diversity. OSTBC supports up to 32
transmitter and receiving antennas. For large dimension OSTBC is
not satisfied for complex functions, it exists when the data rate
may be reduced. One important thing is that in OSTBC the trans-
mitter antenna should be less than the receiving antenna. Suppose
Tx=8 and Rx=20, 16, 14, 12 and 10 then result that diversity is
equal to Tx*Rx/2. In this different phase shift keying are used
BPSK, QPSK, and analysis. When BPSK is used then it gives
estimation about channel state information but analysis obtains the
perfect channel state information through moment generating
function.

3. FBMC

At the transmitter side used Inverse fast Fourier transform as a
modulator.

Data | Symbol 0QAM S/ Frequency
»| Mapping [P Processing | p [~ Spreading
Bits
To channel
< P/S P Extended
Overlap, | IFFT
Sum

Fig. 2: FBMC transmitter

The Fig. 2 describes data bits are used as an input. The symbol
mapping is used for mapping the symbols. The modulation sym-
bol map is used to generate 16QAM modulated electrical signals
and then the modulation symbol de-mapper demodulates the sig-
nals according to that which type of modulation is used. The
symbol mapper's modulation type matches the mapper's modula-
tion; the originally transmitted signal should be matched. OQAM
processing has two techniques, one is OQAM pre-processing be-
ing performed at the transmitter side and other is OQAM post-
processing being performed at the receiver side. In OQAM pre-
processing, the first operation is a complex to real conversion for
even and odd, where the real and imaginary part of a complex-
valued symbol c, are separated to form a new symbol. This
means that the complex to real conversion increases the sample
rate by a factor of 2 [1]. The second operation in this OQAM
preprocessing is the multiplication by a sequence ey ,. After that
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Serial to Parallel conversion is done [3]. A serial to parallel (S/P)
converter is introduced at the output of the OQAM -preprocessing
and the samples data appear in the parallel form. In Frequency
Spreading gives accurate equalization. Frequency spreading is a
type of remote interchanges the recurrence of the transmitted sig-
nal is intentionally changed. At the block of data at the Extended-
IFFT transmitter is recovered at the output of the FFT at the re-
ceiver. A parallel-to-serial (P/S) converter is introduced at the
output of the IFFT and the samples appear in the serial form. An
overlap defined as when two singles are mixed with each other,
but in FBMC signals are not overlap with each other.

From Frequency
S/ Extended De- P/
7 P > FFT spreading S
Channel
Recovered data bits
Symbol 0QAM
B —— De- - Post -
Mapping Processing

Fig. 3: FBMC receiver

In Fig. 3 shows that at the receiver side output of the transmitter
of FBMC act as an input of receiver FBMC. The data is convert-
ed serial to parallel. A serial to parallel (S/P) converter is intro-
duced at the output of the IFFT and the samples data appear in
the parallel form. At the receiver side serial to parallel conversion
is done, in which data sequences change from serial to parallel. In
which analysis poly phase filters are used. By using this filters
the process of decomposition performed by the filter bank. It can
be adapted to implement the filter bank, it is just sufficient to ex-
tend the IFFT and the FFT. For each arrangement of information,
the yield of the IFFT is a piece of KM tests and, since the image
rate is 1/M, K sequential IFFT yields cover in the time-space. The
usage of the recipient depends on an augmented FFT, of size KM.
Gotten baseband waveform is the mix of the transmitted wave-
form and disorder in the channel. In the modulator part, the Syn-
thesis Filter Bank (SFB) is used. The information sources to the
SFB are the offset QAM. The IFFT block basically acting the
adjustment to the subcarrier frequencies. From the equipment
perspective, it performs the calculations in a block preparing way.
Analysis Filter Bank (AFB) is used in demodulator part. In
OQAM post-processing the real to complex conversion decreases
the sample rate by a factor 2. The de-mapper modulation type
matches the mapper's modulation types, where the originally
transmitted signal should be recovered. In the end, at the receiver
data bits are recovered.

4. MIMO

MIMO is defined as multiple-input multiple outputs. In which the
multiple number of antennas are used at the transmitter side and at
the receiver side. MIMO has the capacity to interact with various
antennas at the same time which are 2x2, 3x3, and 4x4. Today’s
MIMO methods are utilized in advances systems like Wi-Fi and
LTE, new strategies are under review for future benchmarks like
LTE Advanced. The primary element of MIMO framework is
space-time block codes. Space-Time Codes (STCs) are the codes
planned for the utilization in MIMO frameworks [5]. In STCs,
signs are coded in both transient and spatial areas. Here encoder
used at the transmitter side and decoder at the receiver side.

hl1

Y~ Y

hi2 h21
A
h22

Fig. 4: Basic Diagram of MIMO

Here hp, represents the impulse channels. A Tx. represents the
transmitter and Rx. represents receiver.

To fulfill the demand for high data rate, MIMO is combined with
FBMC. MIMO is defined as Multiple Input Multiple Output. In
which N no. transmitter signals are transferred through the differ-
ent channels and received at the receiver side. To reduce fading
effect between multiple data streams different MIMO channels are
used such as Rayleigh and Additive White Gaussian Noise
(AWGN). Another method is to minimize the effect of fading is
diversity combining schemes. In this technique, the same infor-
mation passes through different channels and the same infor-
mation received at the receiver. If any data stream is lost then
information is faded [2]. To obtain improvement through different
channels the diverse methodologies are used such as Alamouti,
STBC3, and STBC4. MIMO has different diverse schemes to
achieve different throughput. For instance Alamouti’s scheme,
Space-time block coding, Omni directional space-time block cod-
ing and Quasi space-time block coding. These are explained as

» Alamouti’s scheme: This method is used to achieve spatial
diversity for two antennas in MIMO. It presents the
Alamouti’s scheme coding and the space-time codes are used
in it. Here discuss Alamouti’s coding for the 2transmitters-
lreceiver system (2x1) and 2transmitter-2receiver system (2x2)

(31

Alamouti’s
Scheme
Coding

Receiver

Fig. 5. Alamouti’s Scheme

For 2 transmitter and receiving antennas are shown in Fig.5.
Here h1l, h12, h21, and h22 represent the channels from N
transmitter to N receiver.

Time Slot
X1 —X2¢ 31
Space antenna X2 X1* '

The basic equation of MIMO is:
Y=HX+N 3.2

Where y is the receiving signal, h is the multiple channels and
x is the transmitted symbols, n is noise.

e Assume two transmitter antennas as above matrix. Firstly, send
two transmission symbols in first and only transmit x1 in first
schedule and x2 in the next time slot.

The first receiving signal is:
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¥1=hixl +h2x2 + nl=[h1 h2][*}] +n1 x©1 x®2 x(O3  x(O4
X2 33 —x(t)2 x(H)1  —x(t)4 x(t)3
e Alamouti’s prefer to send the symbols in groups in the first —x(£)3 x(t)4 x()1 —x(t)2
schedule vacancy transmit x1 and x2 and in second-time slot —x(0)4 —x()3  x(1)2 ()1
send -x2*and x1*. H4 = © © © 3.10
x()1*  x(t)2 * x(0)3*  x()4 *
L . —=x(®)2*  x(®1* —x(t)4* x()3=*
The second receiving signal is: X3+ x(D4*  x(Olr —x()2+
_ —x(t)4* —x(t)3 = x(D)2*  x(t)1 =
Y2 = —h1x2 + +h2x1 +n2 = [h1 h2] | X’;Z**] +n2 34 © © ® ®

This is the simple transmission by Alamouti’s space-time coding.
Alamouti’s have some drawback that it is not much efficient. This
is an extremely exceptional STBC. It is the main orthogonal
STBC that accomplishes rate -1:

ﬁ - [hgl* —Ei *] [g + [E% 5

That is to express that it is the primary STBC that can fulfill its
full varying qualities get without hoping to give up its data rate.
Totally, this is considerable for complex change outputs. Coding
rate and can't accomplish constantly most important information
rate.

»  Space-time block coding: In STBC, multiple copies of the
same signal are transmitted to exploit the spatial diversity of
the wireless channel. It is an advance type of Alamouti’s
scheme.

Transmit antennas
S11  S12--- Sln

Time slot | S21 S22 :S2n 3.6
Sm1l Sm2--- Smn
Y=Hs + n 3.7

STBC is an improvement of Alamouti’s Space-time code [25].
MIMO systems are enabling to transmit various copies of a data
stream over different radio wires. The diverse types of the data to
upgrade the reliability of data trade. Space-time block coding uses
both spatial and beamforming arranged qualities Space-time cod-
ing incorporates the sending of various copies data [4]. This arises
multi path issues, for example, blurring and Rayleigh environment
fading. When utilizing space-time block coding is used, the infor-
mation stream is encoded in blocks before transmission. These
information blocks are appropriated for the received output and
the information is divided crosswise over time. STBC does not use
for more than 2 antenna. There is some drawback that Sensitivity
to channel estimation error, Delay Effects, Antenna Configura-
tions.

Transmission by utilization of 2 antennas:

x(t)1 x(t)2 3.8
Hz = —x(t)2* x(t)1 *]
Transmission by utilization of 3 antennas:
r x(t)1 x(©)2  x(®)3 7
—x(t)2 x()1  —x(t)4
—x()3 x(t)4 x(H1
m3 o | X% —x(®3  x(©)2 3.9
x()1* x(©)2=* x(t)3=
—x(®)2* x(®1* —x(t)4=*
—x(t)3* x(t)4* x(t)1=
L —x()4 + —x(t)3* x(t)2* |

By utilization of 4 antennas:

5. Simulation Results

The simulation results for illustrating the impact of using MIMO
systems on the BER vs SNR performance of FBMC system are
presented in this session. In the simulation work, AWGN and
Rayleigh channels are used for analyzing the performance of
FBMC system augmented with MIMO system. In MIMO-FBMC,
different diversity combining techniques are used to analyze the
performance of the system.

A) AWGN augmented FBMC:

== £BIC-ALAMOUTI - N = §
e == FBNC-ALAMOUTI - Nre =2
== FBMC-ALAMOUTI - Nri = 3
FBMC-ALAMOUTI - Nrx =4

Bit Error Rate

10* *
0 5 i 1 2N % i) % W

Signal to Noise Ratio (dB)

Fig. 6(a): SNR vs BER performance of FBMC-Alamouti in AWGN chan-
nel

== FBNC-STRC3 - Nk =
=== FBNC-STBC3 - Nni =
== FBNC-STBC3 - Nt =
FBMC-STBC3 - Nrx=

=
o
T

Bit Error Rate
=
™

m.s | | | 1 | 4 | |
0 5 10 15 2 % % %
Signal to Noise Ratio (dB)

Fig. 6(b): SNR vs BER performance of FBMC-STBC3 in AWGN channel.
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== FBMC-STBCA - Mrc= 1
=4 FBMC-STBC4 - Nnx= 2
== FBIC-STBCA - Nre=3

FBMIC-STBCA - Nrx=4

Bit Error Rate

1 1 1 1
0 ] 10 5 A 5 Kl
Signal to Noise Ratio (dB)
Fig. 6(c): SNR vs BER performance of FBMC-STBC4 in AWGN channel

Table 1: SNR requirement for FBMC-MIMO in AWGN channel to
achieve desired BER

SNR (dB) required to achieve a BER of 10°%for

Diversity tech- different receiving antennas
niques
N =1 N =2 N =3 N =4
Alamouti 34 30 28 27
STBC3 30 27 25 235
STBC4 27 24 23 22

In Fig. 6 (a-b&c) FBMC- Alamouti, FBMC-Space-Time Block
Code-3 (STBC3)& FBMC-Space-Time Block Code-4 (STBC4)
diversity technique are used with varying number of receiving
antennas N over AWGN channel. Here, the number of receiving
antennas are varied from 1 to 4 i.e. N = 1, 2, 3 and 4. By using
different antennas at the receiver side, BER performance of
FBMC is showing a varying effect. When the number of
receiving antennas are increasing, the Bit Error Rate keeps on
decreasing and thus this system would provide better Bit Error
Rate performance with respect to a specified value of SNR. The
performance of FBMC-STBC4 is better in case of AWGN
channel, in comparison to Alamouti space-time encoding and
OSTBC3 space-time encoding.

B) Rayleigh augmented FBMC:

0 T T T
mi 9 = FBMC-ALAMOUTI - Nrx = 1
i == FBMC-ALAMOUTI - Nrx = 2
i FBIMC-ALAMOUTI - Nrx = 3
, FBMC-ALAMOUTI - Nrx = 4
10 E
s
m 10°F
14
=
o
£
w
= 3L
o 10
104
,ID,S Il 1 Il 1 Il 1 1 1
0 5 10 15 20 25 30 35 40

Signal to Noise Ratio (dB)
Fig. 7(a): SNR vs BER performance of FBMC-Alamouti in Rayleigh
Chan.

== FBMC-STBCI -Nrx= 1
== FBIC-STBC - Ne= 2
=== FBMC-STBCI - Ni= 3
FBMC-STBCI - Nx= 4

Bit Error Rate

hel 1 |
0 5 10 15 .l ¥ ki) k]
Signal to Noise Ratio (dB)
Fig. 7(b): SNR vs BER performance of FBMC-STBC3 in Rayleigh chan-
nel.

0
B E i FEHC STBCE - Nrc=1
i e BN STECH N2
i BN STECH Nt 3
FBMC STECH-Nnc= 4

Bit Error Rate

| | | | | |

5 10 15 20 2% 30
Signal to Noise Ratio (dB)

Fig. 7(c): SNR vs BER performance of FBMC-STBC4 in Rayleigh chan-

nel.

10°®
0

Table 2: SNR requirement for FBMC-MIMO in Rayleigh channel to
achieve desired BER

SNR (dB) required to achieve a BER of 10°for

ey different receiving antennas
techniques
N =1 Nix =2 Nrx =3 Nix =4
Alamouti 345 31 29.5 28
STBC3 315 27 26.5 25
STBC4 28 255 245 24

In Fig. 7 (a-b&c) FBMC- Alamouti, FBMC-Space-Time Block
Code-3 (STBC3)& FBMC-Space-Time Block Code-4 (STBC4)
diversity technique over Rayleigh channel are deonstrated with
varrying number of receiving antennas. Here, the number of
receiving antennas are varied from 1to 4i.e. N =1, 2, 3 and 4. By
using different antennas at the receiver side, BER performance of
FBMC varrying. When the number of receiving antennas are
increasing, the Bit Error Rate keeps on decreasing and thus this
system would provide better Bit Error Rate performance with
respect to a specified value of SNR. The performance of FBMC
system augmented with Alamouti space-time encoding, OSTBC3,
and STBC4 is better in case of AWGN channel in comparison to
Rayleigh channel, as in case of Rayleigh channel no line of sight
path is available in between the transmitter and receiver,
moreover, the effect of multipath fading also comes in to play in
case of rayleigh fading channel.



International Journal of Engineering & Technology

116

Here,

from graphs 6 and 7 observed that using STBC3 and STBC4

diversity techniques, STBC4 gives better performance than
STBC3 in case of AWGN rather than Rayleigh channels.

6. Conclusion

In MIMO-FBMC system, the use of multiple antenna’s for differ-
ent technique such as Alamouti, STBC3, and STBC4 results in
significant improvement in BER performance of the system over
AWGN and Rayleigh channel. The simulation results depict that
when the number of receiving antennas is increasing, the BER
keeps on decreasing. The use of multiple antennas results in de-
crease in SNR requirement to achieve a desired BER by 4-7 dB.
Moreover, the BER performance is improving on increasing the
transmitting as well as receiving antennas, as BER for STBC4
augmented FBMC is less than the BER of Alamouti augmented
FBMC.
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