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Abstract. In modern scenarios, there are several applications of OFDM, but it also has some demerits like sensitive to
Carrier Frequency Offset (CFO), high Peak to Average Power Ratio (PAPR), and timing offset large. Out Of Band
(OOB) and low spectral efficiency due to cyclic prefix per symbol insertion. To diminish and discard above problems,
new multiplexing technique is required for next generation wireless communication i.e. GFDM. GFDM is becoming
popular day by day due to flexibility in pulse shape as well as single cyclic prefix in a multipath channel and which
makes it eligible for the 5th generation technology. This paper deals with an overview of a GFDM and presents a
comparative study between OFDM and GFDM.

Keyword. Wireless Communication; Peak to Average Power Ratio; OFDM; GFDM; Inter Symbol Interference; Inter
Carrier Interference.

INTRODUCTION

Modern societies are completely attached with mobile communication because it is a major part of wireless
communications such as wireless sensor network, static or dynamic ad-hoc network [1-3]. All nodes of the network
scatter in two ways such as heterogeneous or homogeneous and travel arbitrary due to dynamic behavior of the network
[4-9]. It needs high data rate, low bit error rate, high spectral efficiency. Various generation of communication have
revolutionized the way where people connect to each other to achieve its own goals. Each wireless communication
consists of some or more uncertainties related issues that generate several types of problem such as several attacks and
breakage of link, etc. [10-13]. The scenarios of 4G a network, OFDM is widely adopted solution in communication
system. It is rapidly used in several applications such as disaster management, e-commerce [14], intelligence system, etc.
with the help of some techniques like artificial intelligence [15], soft computing [16-18], mathematical modelling [19],
etc. It efficiently utilizes system bandwidth based on subcarrier orthogonality as well as inter symbol interference
mitigation due to the narrowband characteristics in each subcarrier [20]. It has become an important technique which
distributes a high speed data to multiple low speed data rate.

OFDM is progressively used in high mobility wireless communication system, i.e. mobile WiMAX (IEEE 802.16¢) and
3GPP’s UMTS Long Term Evolution (LTE) [21]. OFDM present a prohibitive low spectral efficiency for cyclic prefix
per symbol. In OFDM, rectangular pulse shaping filter used at the transmitter and reason of higher PAPR is the random
sum of the phase subcarriers. Various PAPR reduction techniques and algorithm is formed. The set of advantages in
OFDM given below:

a) Computationally efficient to implement the modulation and demodulation function Resistant to frequency selective

fading.

b) Mitigating ISl in frequency selective channel.

c) Adaptation for serve channel conditions.

d) Elimination of need for equalizer.

The set of disadvantages in OFDM is given below [22]:
a) Sensitive to Doppler effect.
b) Sensitive to frequency synchronization problems.
c) Large dynamic range amplitude.
d) Sensitive to carrier frequency offset, timing offset.
e) High PAPR.
f) High OOB radiation.
g) Bandwidth inefficiency.

Due to above problems with OFDM, it becomes unsuitable for next generation wireless communication. Its flexibility
allows covering CP-OFDM, SC-FDE which is shown in Fig. 1. To reduce and remove its difficulties, GFDM is proposed
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and explored for 5G networks [23]. Its waveform gives additional features in the upcoming cellular systems. The
applications of machine to machine communications and spectrum with main devotion to asynchronous exploration of
non-continuous bandwidth and low duty cycle transmission. The cycle prefix and length pulse shaping help to eliminate
inter carrier interferences and inter symbol interferences. It is better low burst applications.
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Figure 1. Paratlonmg of frequency and time ot several multiplexing schemes. (a) K=N subcarriers and M=L1 sub-
symbol, (b) K=1 subcarrier and M=N sub-symbols, (c) K=4, M=4 and N=16.

The rest of the manuscript is arranged as given. In section I, presents about the mathematical description of GFDM and
OFDM. Then, simulation result in term of BER, Multiplication complexity between OFDM and GFDM in section IlI.
Finally, conclusion and directions for future scope of research are given in Section IV.

MATHEMATICAL DESCRIPTION
OFDM

OFDM is a type of multicarrier transmission scheme where high rate single data stream is transmitted over a number of
low data rate parallel subcarriers. Because of the low rate parallel subcarriers, the symbol duration increases with
reduction in effect of multipath delay spread on the signal. QAM or PSK modulation is used. These parallel discrete
frequency components are sent to Inverse Fast Fourier Transform (IFFT) which convert these discrete frequency
component in corresponding discrete time components. These signal passed through a parallel to serial converter which
convert the signal in a serial form for transmission. Thereafter Cyclic Prefix (CP) is added to remove ISI. The
mathematical description of an OFDM system is as follows:

SINJ=ZN=} dyexp (1275 ()

Where, s[n], k and N is the transmission symbol of n™time sample, subcarrier index and total number of subcarrier,
respectively as shown in Fig. 2.
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After passing through Additive White Gaussian Noise (AWGN) channel, the transmitted OFDM signal is received and
down converted to baseband. Thereafter passed through low pass filter to remove high frequency component and then
CP is removed. Then signal converted serial to parallel and FFT operation done on these time domain signal. The FFT
output is parallel to serial converted and passed through the demodulator which maps the signal to produce the input
signal [24].

GFDM

Considering the block diagram depicted in figure, a data source provides bits of data to the vector b. Then data is
encoded and mapped, i.e. J-QAM is the modulation that will be used for this work, to symbols of 2# —valued complex

constellation where [ is the modulation order. As a result of this, we get vector d, which is the data block containing N
elements. Those elements can be split into K subcarriers and M sub-symbols which relate as N=K.M (M sub-symbols

and K subcarriers compose each GFDM symbol), leading to c_i’:(d—g,d—f, ... db_)"where each vector is az(do,m, dim:

..... di_1m.,)". Every individual corresponds to the data transmitted on the K™ subcarrier and in the m™ sub-symbol of
the block.

All these data symbols are transmitted respectively with a corresponding pulse shape in time and frequency domain as
follows, where n is denoting the sampling index. Each pk,m[n] is a time and frequency shifted version of the prototype
filter p[n], where mod N operation makes pk,m[n] a circularly shifted version of pk,0[n] and the exponential performs the
shift in frequency domain [25-28]. The transmitted signal with GFDM is given as follows.

X[n=X0=6 ZkZ0 dicm PI(N-MK)N] g, [n] )

where M=number of GFDM symbols in a GFDM frames, K=number of subcarrier. dy is the data notation transmitted at
the k™ subcarrier and m" GFDM notations in GFDM frame. x=input alphabet (transmitted) of the source such that
dwmeX, p[n]=pulse shaping filter in pulse of response n, p[(n-mK)N]=circular shift p[n] by mK with modulo N shown in
Fig. 3, g.[n]=complex multiplier term which shifts the base band to k™ subcarrier location which is shown in Fig. 3.
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The result of the GFDM transmitter, x[n], in Figure, can be shown next subsection. Defining, pm[n] 2p[(n-mk)x], can be
expressed as:

X[N]=20126 XKZ0 dim PrlN]GIN] U]

The received signal from GFDM transmitter which has gone through the channel, after CP removal can be shown as,
R=Hx +v 8)

where is the complex additive white Gaussian noise (AWGN) vector, i.e. v CN(0,p?, Iun), p?yis the noise variance, and
H=circ(h) is the zero padded version of to have the same length as x. Due to the fact that H is a circulant matrix, an FDE
procedure can be performed to compensate for the multipath channel impairments.

The symbol yg,[n] stands for samples from the sampler in the RF front end block, whose cp portion is omitted to get
y[n]. Subsequently, equalizer block that equalizes the effect of the channel with estimated channel value provided by the
channel estimation block. The notation yc,[n] represents equalized signal which is fed to the GFDM demodulator. This
yields the soft data bits. The hard decision is made by the slicer. The single tap equalization technique is given by:

FFT
Yeo M= IFFT [ ©)

GFDM symbols having a block structure with a cyclic prefix that results in a circulant matrix Equalized sampled are fed
to the GFDM demodulator [29-30] after equalization. The word demodulator is replaced by receivers. The types of
receivers may be Matched Filter (MF), Zero-forcing (ZF).

MF Receiver

To implement MF GFDM, the correlator receiver is used. Here each correlator is matched with different subcarrier in
several time slot. After multiplication of the received signal yeq[n] with circularly shifted versions of the pulse shape p[n]
and complex exponentials, where summation is done over an interval of MK and then result is sampled. In a correlation
receiver, classical integrate-dump operation used. In such an operation in fact corresponds to multiplication of the
equalized version of the received signal ye,[n] with A™. In this case the vector of estimated soft bits, d, can be
expressed as:

dMF:AH-yeq[n] (10)
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The ZF receiver is simply the multiplication of by the inverse of the matrix A. In this case:

dzr=A"yeq[N]

SIMULATION RESULTS ANALYSIS

Number of Complex Multiplications

(1)

Number of Complex multiplications required for different transmitter systems are given in Table 1 and no. of Complex
multiplications required for different receiver systems are given in Table 2.

Table 1. Computational Complexity of Different Transmitters [31]

Technique No. of complex multiplications
GFDM (MN)?

Table 2. Computational Complexity of Different Receivers [31]

Technique No. of complex multiplications for AWGN Channel
Direct ZF Receiver for GFDM 2(MN)?
Matched Filter for GFDM MN(log,MN + log,M + L + 1(2log,M + 1))
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Figure 5. Computational complexity comparison of GFDM transmitter techniques with respect to OFDM in
AWGN channel when N=1024, M=1to 21
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Figure 6. Computational complexity comparison of different GFDM receiver techniques with respect to each
other and that of OFDM receiver in AWGN channel when N=1024, M=(1,21).

Fig. 5 shows about computational complexity at OFDM and GFDM transmitter. From the graph, transmitter of GFDM is
required more number of complex multiplication compared to OFDM with respect to size of block length over AWGN
channel. Here, no. of symbol is 1024 and block length varies from 1 to 21.

Fig. 6 shows about computational complexity of receivers of OFDM and GFDM with MF, ZF, and MMSE. From the
graph, GFDM with MF receiver is required more complex number of multiplication compared to OFDM and ZF with
respect to size of block length over AWGN channel. Here, no. of symbol=N=1024 and block length varies from 1 to 21.

SNR vs BER

Here, we have studied the BER performance of different system over AWGN channel. Figs. 7 and 8 shows the BER
performance between OFDM system, GFDM system with MF and GDM system with ZF receiver over AWGN channel.
Let K is Number allocated subcarriers which is equal to 128, L is number of overlapping subcarriers which is 2, M is
number of sub-symbols which is equal to 5, , CP length is 128, 16-QAM modulation is used. The self-interference
caused by the pulse shaping filter reduces with the reducing the value of roll-off factor. Due to the high roll-off factor,
GFDM performance became better. That is because, when a=0, the frequency domain of RC filter became closer to
rectangle, which will causeless self-interference to the adjacent subcarriers.

The BER may be enhanced by selecting a slow and robust modulation scheme or by line coding scheme or by channel
coding schemes or also by selecting strong signal strength [32].
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Figure 7. BER vs SNR plot a=0.3, RC filter.
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Figure 8. BER vs SNR plot a=0.3, RC filter.

Power Spectral Density

Power Spectral Density (PSD) is generally provide the frequency response of a random or periodic signal. It represent
where the average power is distributed as a function of frequency. PSD expressions has been the need to predict the in-
band and out-of-band radiation which is produced at transmitter. PSD of the signal depends on the characteristics of four
signal operations performed at the transmitter side are circular shift operation, cyclic prefix insertion, pulse shaping,
interpolation filtering. GFDM flexibility provides advantage over out-of-band distortion. Here, we will discuss about the
graph between PSD and frequency. PSD depends on levels of modulation as it raise with raise in levels of modulation.

Here, K is Number allocated subcarriers which is equal to 512, M is number of sub-symbols which is equal to 15, L is
number of overlapping subcarriers which is 2, 16-QAM modulation is used. It can be clearly scene that the power
consumes on the side lobs is much high in case of OFDM while in case of GFDM more power is consumed on the main
lobs. The PSD of an exemplary comparison between OFDM and GFDM is shown in Figs. 9 and 10. It is shown that PSD
of an OFDM with rectangular time window is not perfectly flat but reasonably considered flat. The analysis of PSD
performances have suggested that GFDM is better than OFDM.

The selection of pulse-shaping filter and its roll-off (o)) factor affects the different performance parameters like PSD,
PAPR, bandwidth efficiency, SNR, ISl of a modern communication system. So the choice of a proper pulse shaping
filter with suitable roll-off factor (a) is an important field to provide reliable and in corrupted communication [33].
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Figure 9. PSD comparison between OFDM and GFDM with RC filter, a=0.9.
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Figure 10. PSD comparison between OFDM and GFDM with RC filter,a=0.9.

CONCLUSION

At this time, OFDM is a widely accepted technique mainly because of its advantages like robustness against multipath
channels and FFT algorithms based easy implementation. But the scenarios predicted for next generation networks
present challenges which OFDM can only address in a limited way. GFDM is a promising waveform candidate for 5th
generation technology which gives high spectral efficiency and low out of band radiation which is required for 5G
communication. But it still have problem of high PAPR. There are several PAPR reduction techniques proposed for
multi carrier multiplexing system. Comparing the simulation results we can conclude that there is a significant
performance improvement as we increase the constellation size with normalization. Receiver section is also designed to
test the transmitted signal over the channel. AWGN channel is used for modelling and simulation of transmitter and
receiver section. All simulation is performed on MATLAB where results shows that comparison between OFDM,
GFDM system with MF receiver, GFDM system with ZF receiver for pulse shaping filter with different values of roll off
factor (o) in terms of bit error rate performance. Computational complexity for OFDM transmitter, GFDM transmitter,
OFDM receiver and different GFDM receivers is performed on MATLAB. At last we compared the existing OFDM
system with GFDM system in term of PSD, which is also simulated on MATLAB.
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