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ABSTRACT Generalized frequency-division multiplexing (GFDM) is one of the promising multi-carrier
modulation schemes suitable for next-generation wireless communication systems. The main characteristic
of GFDM is the flexible time-frequency structure of data blocks. However, this degree of freedom is obtained
at the cost of loss of sub-carrier orthogonality, which leads to self-interference. In this paper, we propose
a new model that classifies the GFDM self-interferences into two independent categories as inband and
adjacent sub-carriers interferences and show their corresponding mathematical formulations. Building on
this model, we propose a successive interference cancellation (SIC) technique with low complexity to
eliminate these self-interference effectively. The main distinct feature of our proposed technique is its low
computational complexity compared to similar interference cancellation techniques. Our analytical findings
and numerical experiments indicate that the proposed model and SIC technique considerably improve the
system performance in terms of bit error rate (BER) and signal to interference ratio (SIR). We also show that
the results of our analytical findings are in good agreement with those of computer simulations.

INDEX TERMS 5G, GFDM, multi-carrier, SIC, BER.

I. INTRODUCTION
Orthogonal frequency division multiplexing (OFDM) is still
one of the popular waveform technologies of today’s wireless
communication systems [1]. The twomain features of OFDM
are the use of cyclic prefix (CP) to overcome multipath
fading and the ease of implementation thanks to fast Fourier
transform (FFT) [2], [3]. However, there are some drawbacks
in OFDM systems, such as the spectrum inefficiency because
of long CP length, high peak to average power ratio (PAPR)
due to the multicarrier scheme structure and out-of-band
leakage (OOB) [4], [5]. In addition, OFDM systems require
strict synchronization to keep orthogonality between sub-
carriers [6], and they are sensitive to time and frequency shift,
which calls for more signal processing and precise hardware
implementation to prevent performance degradation [7], [8].

To support emerging applications with various constraints,
such as Internet of Things (IoT) and machine to machine
(M2M) communications, fifth-generation (5G) wireless com-
munication systems and beyond require massive concurrent
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access, high energy efficiency, and low latency [9]. To fulfill
these requirements and overcome some of the problems in
OFDM, new multicarrier technologies such as multi-carrier
faster-than-Nyquist (MFTN), universal filtered multicarrier
(UFMC), filter bank multicarrier (FBMC), and general-
ized frequency division multiplexing (GFDM) have been
proposed [10]–[14].

MFTN improves bandwidth by compressing the Nyquist
interval of the signaling pulse in the time domain and
the minimum orthogonal frequency separation in the fre-
quency domain. In this waveform, there are both inter-carrier
interference (ICI) and inter-symbol interference (ISI) that
are created by the time-frequency packing. This leads to
high complexity and may limit the practical applications of
MFTN [10]. To resolve the issue and improve the MFTN
performance, successive interference cancellation (SIC) was
proposed in [11].

GFDM is based on the modulation of independent blocks,
where each block consists of several sub-carriers with sev-
eral sub-symbols. The sub-carriers are filtered with a pro-
totype filter that is circularly shifted in time and frequency
domain [15]. This process reduces the OOB emissions,
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FIGURE 1. Classifcation of interference cancellation techniques.

making fragmented spectrum and dynamic spectrum alloca-
tion feasible without severe interference in incumbent ser-
vices or other users [16]. The CP insertion method of GFDM
is spectrally more efficient than that of OFDM because a CP
is added to each block consisting of multiple sub-symbols.
This will also lead to lower latency in GFDM systems [17].

Nevertheless, GFDM has some drawbacks. It uses a pulse-
shaping filter that may cause sub-carriers to become non-
orthogonal leading to ICI and ISI [18], [19]. To reduce ICI
and ISI, some linear receivers such as zero-forcing (ZF) and
minimum mean square error (MMSE) can be used [20], [21].
MMSE offers a good balance between noise filtering and
interference reduction, but it is very computationally inten-
sive. The ZF method amplifies noise and degrades bit error
rate (BER) performance. In GFDM, SIC can be an effective
technique to avoid noise amplification and still achieve a
good tradeoff between computational complexity and perfor-
mance efficiency. The use of the SIC technique in GFDM
means the elimination of interference between sub-symbols,
which is an idea derived from the NOMA method [22].
In [23] and [24], a new multi-carrier scheme has been intro-
duced that combines GFDM and NOMA techniques.

To put our work into perspective, we classify the inter-
ference cancellation methods in GFDM into two categories,
namely, SIC-based methods and non-SIC-based methods
(See Fig. 1). In non-SIC based, there are GFDM with offset
quadrature amplitude modulation (OQAM) [25] and GFDM
with dual-filter (GFDM-DF) transceiver [26] methods. The
GFDM-OQAM can practically eliminate the signal distor-
tion caused by intrinsic self-interference, but it may not be
amenable to practical complex channels [25]. In [26], the two
prototype filters are utilized for even and odd sub-carriers
separately. This method eliminates the self-interference from
the adjacent sub-carriers but increases the OOB of the sys-
tems because of using block interleaving.

In SIC-based methods, self-interferences are eliminated at
the expense of an increase in computational cost [27], [28].
In [27], the authors have proposed a low-complex GFDM
design that uses the SIC technique with a sparse rep-
resentation of the pulse-shaping filter in the frequency
domain by using FFT processing blocks. A GFDM-match
filter (MF) system based on SIC with circular pulse-shaping
has been introduced in [28]. Although both methods per-
form well, their computational complexity is still relatively
high. In [29], an iterative detection algorithm based on fac-
tor graphs estimating complex-valued data symbols trans-
mitted by a GFDM system was proposed and the main
drawback of this method is its very high computational
complexity.

To improve the performance of GFDM and reduce the
computational complexity, we propose a new system model
featuring a low complexity SIC technique. Specifically,
we define two types of self-interferences in GFDM that we
call inband interference and adjacent sub-carriers interfer-
ence. The inband interference is created due to the frequency
interference of sub-symbols within a sub-carrier. The non-
orthogonal shapes of the shifted pulses are the cause of
the problem in this case. The second type of interference,
adjacent sub-carrier interference, is caused by side lobes of
the frequency pulse shapes. Based on these two types of self-
interferences, we propose a low-complexity SIC technique
with the capability of so-called self interferences elimination
in GFDM systems. We simultaneously consider the symbol-
frequency domain in our formulation that uses the concept of
a deterministic modulation matrix. In our proposed model,
the system can operate in three modes based on the self-
interference type. Mode-I is activated when both inband and
adjacent subcarrier interference are present. If the system
suffers only from adjacent subcarrier interference,Mode- II is
used andMode-III is activated when only inband interference
is present. We can summarize the contribution of our paper as
follows:
• We introduce a new system model to represent GFDM
signals and analyze different components of the self-
interferences in this waveform. We learn that there are
two types of self-interferences in the system that are
independent of each other and use this feature to design
a new SIC technique. We call these interferences inband
and adjacent sub-carriers interference for the first time.

• We show how and why Gaussian distribution can be
used to model the self-interferences in the system and
derive analytical expressions to represent their impact.
Our computer experiments validate the correctness of
our analytical model.

• We propose a low-complexity SIC technique based on
our newly introduced idea of inband interference and
adjacent sub-carriers interference and the fact that these
interferences are independent. The proposed SIC tech-
nique can function in three different modes depending
on the source and volume of interferences experienced
by the system.
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• We derive analytical expressions to evaluate the BER of
the system and make comparisons with the recent coun-
terparts in the literature. We also analyze our proposed
method in terms of signal-to-noise plus interference ratio
(SNIR). We conduct computer simulations to verify the
analytical results. Our results show that the analytical
results are in good agreement with those of computer
simulations.

The rest of the paper is organized as follows. In Section II,
we describe the GFDM system model. In Section III,
we investigate the self-interference in the GFDM system
and provide analytical expressions in Section IV. We discuss
the self-interference cancellation method in Section V. The
numerical results and complexity analysis are discussed in
Section VI, and the conclusion of the paper is presented in
Section VII.

II. SYSTEM MODEL
The GFDM transceiver is shown in Fig. 2. First, the modu-
lated data bits are divided into M sub-symbols and K sub-
carriers. The total number of data symbols is N = M × K .
Then an N point upsampling is applied to the data symbols.
Each data symbol is transmitted based on a pulse shape g[n].
The output signal without CP can be expressed as:

x[n] =
M−1∑
m=0

K−1∑
k=0

dk,mgk,m[n], n = 0, . . . ,N − 1, (1)

where gk,m[n] = g[(n− mK ) mod N ]e−j2π
kn
K , and n denotes

the sampling index and dk,m are the complex-valued data
symbol carried by the k th sub-carrier and mth sub-symbol.
Each gk,m[n] is a time and frequency shifted version of a
prototype filter g[n], where the modulo operation makes
gk,m[n] a circularly shifted version of g0,m[n] and the complex
exponential performs the shifting operation in frequency [30].
In matrix form, (1) can be expressed as:

x = Ad, (2)

where A is the GFDM modulation matrix of order N × N
with a structure according to pulse shaping filter g[n] and d
denotes data symbols in a vector form. See (3), as shown at
the bottom of the page, for detailed structure.

As shown in Fig. 2, we study the GFDM modulator/
demodulator and not the modulation type. The proposed
method is independent of the data (d). Therefore, our pro-
posed method can be implemented in a variety of modu-
lation schemes, including the adaptive schemes presented
in [31], [32].

FIGURE 2. Block diagram of GFDM system.

III. SELF-INTERFERENCE IN GFDM
d is the QAMmodulation data vector of order N × 1 and can
be expressed as follow:

d = [d0,0, · · · , dK−1,0, d0,1, · · · , dK−1,M−1]T . (4)

At the receiver side, the received signal y is given by:

y = Hx+ n, (5)

where n is additive white Gaussian noise (AWGN) with zero
mean and variance σ 2

n . We show this as n ∼ N (0, σ 2
n ).

If we assume the communication channel is AWGN, then H
becomes an identity matrix.1 Applying MF to the receiver,
the demodulation signal z = d̂ can be expressed as follows:

z = AHy = AHAd+ AHn = Bd+ n′, (6)

where (.)H denotes Hermitian conjugate, AH shows MF in
matrix form andB = AHA. To represent the self-interference
in GFDM, we decompose matrix B as follows:

z = Bd+ n′

= (IN + Bi).d+ n′

= d+ Bid︸︷︷︸
interference

+n′

= d+ ( BIn︸︷︷︸
Inband

interference

+ BAd︸︷︷︸
Adjacent

interference

)d+ n′, (7)

where Bi is off-diagonal part of B and represents interfer-
ence from other symbols. BIn and BAd show inband interfer-
ence and adjacent sub-carriers interference, respectively. IN
denotes identity matrix with order N .

1Our results can be extended to more complex wireless channel scenarios
with slight modifications. The purpose of this article is to explain the main
idea, provide the mathematical expressions and present the results in a most
comprehensive way.

A =


g0,0[0] · · · gK−1,0[0] g0,1[0] · · · gK−1,M−1[0]
g0,0[1] · · · gK−1,0[1] g0,1[1] · · · gK−1,M−1[1]
... · · ·

...
... · · ·

...

g0,0[N − 1] · · · gK−1,0[N − 1] g0,1[N − 1] · · · gK−1,M−1[N − 1]

 (3)
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In GFDM, orthogonality between sub-carriers is lost due
to the cyclic pulse shaping filters. To better understand the
self-interference in GFDM, we rewrite (3) as equation (8),
as shown at the bottom of the page. The signal can be
recovered at the receiver using the MF. We have represented
the received signal using (9), as shown at the bottom of the
page. In this equation, {.}∗ denotes the complex conjugation.
As shown in (9), there are two types of self-interference in
GFDM:

1) Inband interference: interference between m and
m′ symbols in the same frequency due to the non-
orthogonality shape of the shifted pulses (g[n]).

2) Adjacent sub-carriers interference: interference
from adjacent sub-carriers k ′− 1 and k ′+ 1 to k th sub-
carrier due to OOB caused by the proximity of these
sub-carriers.

In this paper, we propose a general solution to reduce the
impact of self-interference in GFDM systems.We use the SIC
method in the symbol-frequency domain and eliminate the
effects of these two types of self-interference independently.
Based on these self-interferences, we present our proposed
method with three modes. Mode-I is used when both inband
and adjacent subcarrier interferences are present. We can use
Mode- II and III when the system suffers only from adjacent
subcarrier interference and inband interference, respectively.
The different modes require different amounts of computa-
tional resources.

Now to describe (9) to show all types of interference in an
(k,m) position, consider an example with M = 5, K = 8,
and d̂3,2 as follows:

d̂3,2 = d3,2 +
5−1∑
m=0
m6=m′

(
gH3,2.g3,m.d3,m︸ ︷︷ ︸
Inband Interference

+ gH3,2.g2,m.d2,m + g
H
3,2.g4,m.d4,m︸ ︷︷ ︸

Adjacent Sub-carriers Interference

)
+ n′, (10)

where d3,2 is desired input in the (3,2) position,
gH3,2.g3,m.d3,m denotes inband interference, gH3,2.g2,m.d2,m
and gH3,2.g4,m.d4,m denotes adjacent sub-carriers interferences
from sub-carriers 2 and 4.
To better clarify (10), we use Fig. 3 with M = 5 and

K = 8. In Fig. 3. (a), the vertical and horizontal axes
show the sub-carriers and the sub-symbols position, respec-
tively. The location of the desired input d3,2, the inband
interference (d3,0, d3,1, d3,3, d3,4) and adjacent sub-carriers
interferences from k = 2 and k = 4 are also depicted.
Fig. 3. (b) shows the desired input and self-interferences
values. To illustrate the interferences in more details, sub-
symbols marked with red color represent the inband interfer-
ence and the blue color represent the adjacent sub-carriers
interferences.

IV. ANALYTICAL EXPRESSIONS
In this section, we derive analytical expressions to evaluate
the BER of the system. Based on Eq. (9), since the self-
interference factor is the linear composition of the random
variables with i.i.d distributions, the self-interference factor
can be modeled by Gaussian distribution as follows:

d̂k ′,m′ = dk ′,m′ + I + n
′, (11)

where I denotes the self-interference factor that can be
decomposed as I = Ir + jIq. Ir and Iq denote the real
and imaginary parts of the self-interference factor, respec-
tively. In Fig. 4, we have shown the distribution of the real
and imaginary parts of the self interferences for M = 5,
K = 64, and 64-QAM modulation. A raised cosine (RC)
prototype filter with the roll-off factor α = 0.3 is used.
As shown in this figure the distributions are Gaussian and
the analytical results match well with that of the simu-
lations. Mathematically, the results are justified according
to the central limit theorem [33]. The complex Gaussian
approximation of the self-interference factor can be expressed

A = [g0,0[n] · · · gK−1,0[n]︸ ︷︷ ︸
Sub-set of sub-symbol 0

| g0,1[n] · · · gK−1,1[n]︸ ︷︷ ︸
Sub-set of sub-symbol 1

| g0,M−1[n] · · · gK−1,M−1[n]︸ ︷︷ ︸
Sub-set of sub-symbol M−1

]. (8)

d̂k ′,m′ =
∞∑

n=−∞

g∗k ′,m′ [n]
{M−1∑
m=0

K−1∑
k=0

dk,mgk,m[n]
}
+ n′

= dk ′,m′
{ ∞∑
n=−∞

g∗k ′,m′ [n]gk ′,m′ [n]
}
+

M−1∑
m=0

K−1∑
k=0

(m,k)6=(m′,k ′)

dk,m

{ ∞∑
n=−∞

g∗k ′,m′ [n]gk,m[n]
}
+ n′

= dk ′,m′ . g
H
k ′,m′ .gk ′,m′︸ ︷︷ ︸

1

+

M−1∑
m=0

K−1∑
k=0

(m,k)6=(m′,k ′)

gHk ′,m′ .gk,m.dk,m + n
′

= dk ′,m′ +
M−1∑
m=0
m6=m′

(
gHk ′,m′ .gk ′,m.dk ′,m︸ ︷︷ ︸
Inband Interference

+ gHk ′,m′ .gk ′−1,m.dk ′−1,m + g
H
k ′,m′ .gk ′+1,m.dk ′+1,m︸ ︷︷ ︸

Adjacent Sub-carriers Interference

)
+ n′. (9)
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FIGURE 3. Self-interference in GFDM systems (M = 5, K = 8). (a) desired
input and self-interferences location; (b) desired input and
self-interferences values.

as follows:

Ir ∼ N (0,
NI
2
), Iq ∼ N (0,

NI
2
)

⇒ fI (i) =
1
πNI

e−|i|
2/NI , (12)

where NI denotes the variance of self-interference factor.
In this work, we assume that the mean of the data is zero.
Consequently, the mean of the self-interference factor will be
zero and NI can be calculated based on (9) as follows:

NI = Es
M−1∑
m=0
m6=m′

(
|gHk ′,m′ .gk ′,m|

2
+ |gHk ′,m′ .gk ′−1,m|

2

+ |gHk ′,m′ .gk ′+1,m|
2
)
, (13)

where Es denotes the variance of data.

FIGURE 4. Real and imaginary distributions of self-Interference for
M = 5, K = 64 and 64-QAM modulation.

In this work, q-ary QAM (q-QAM) with q = 22k is
considered, hence, the probability of error can be expressed
as follows [34]:

Pe = 4(1−
1
√
M

)Q(

√
3 log2M × Eb

(M − 1)(NI + N0)

×
(
1− (1−

1
√
M

)
)
Q(

√
3 log2M × Eb

(M − 1)(NI + N0)
, (14)

where N0 denotes the variance of the noise and Eb =
Es

log2M
.

V. SELF-INTERFERENCE CANCELLATION METHOD
As mentioned in Section II, the MF receiver is unable to
remove the intrinsic self-interference [26]. In this research,
we use an SIC-based technique to remove the interferences
from the received signal. In our SIC technique, there are
two phases: first, the interference factor (Bi = B − IN )
is calculated, and in the second phase, the interference is
removed from the received signal. We describe the process in
Algorithm 1. In the following, we will explain our proposed
method in more detail.

Our proposed SIC technique can operate in three modes
according to the self-interferences types described in
Section III. If SIC operates in Mode-I, it will remove both
inband and adjacent sub-carrier interferences. If it operates
in Mode-II, the SIC only removes the corresponding inband
self-interference and in Mode-III, it removes the subcarrier
interferences. Mode-II and III are provided to reduce the sys-
tem complexity. Considering these modes, the GFDM system
can be implemented using one of the following structures:

1) Conventional GFDM system: in this case, GFDM uses
a regular prototype filter so that both inband and adja-
cent sub-carrier interferences are present. In this case,
all or part of the interferences can be removed to
achieve an acceptable performance limit. Depending on
the performance limit and requirement, the system can
be operated in Mode I, II, or III.
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2) A GFDM system with a high-performance prototype
filter: in this case, the system suffers mainly from one
of the interferences, inband or adjacent sub-carrier.
However, these interferences can be removed with
Mode-II or III with less computational complexity
compared to Mode-I.

Algorithm 1 Proposed SIC Algorithm
iteration j=1, 2, . . . , J

Phase 1



1) Using the maximum likelihood (ML)
method: zj→ ŝ
2) Using demodulation: ŝ→ d̂

3)


Mode I : Bi = BIn + BAd
Mode II : Bi = BAd
Mode III : Bi = BIn

4) Interference calculation: Fi = Bid̂

Phase 2

{
4) zj+1 = zj − Fi
5) Repeat step 1 to 4

In Algorithm 1, first we use maximum likelihood (ML)
method to estimate ŝ from zj, where zj denotes MF output in
iteration j. We estimate d̂ values from ŝ and then calculate the
interference Fi. Following that we subtract the interference
from zj to eliminate the interference.
In the proposed method, the complexity of the GFDM

when operates in Mode II or III is substantially less than
cases when the system operates in Mode I. By using orthogo-
nal pulse shapes (g[n]) such as Discrete Prolate Spheroidal
Sequences (DPSS) [35], inband interference is inherently
removed and, hence, Mode-II can be used to cancel the
remaining interferences. If the GFDM system uses a dual-
filter method at the receiver [26], the self-interference of the
adjacent sub-carriers will be considerably low. Therefore, the
system can operate based on Mode-III.

TABLE 1. Different mode types.

To better illustrate the proposed idea of the operation
modes in GFDM, we use Fig. 5 with M = 5 and K = 8.
In Fig. 5. (a) we show Mode-I and its interferences.
In Fig. 5. (b) and (c), Mode- II and Mode- III are shown
with their corresponding interferences. To illustrate the inter-
ferences, the sub-symbols marked with red color represent
the inband interferences and the blue color represents the
interferences of the adjacent sub-carriers.

FIGURE 5. The proposed modes (M = 5, K = 8). (a) Mode-I; (b) Mode-II;
(c) Mode-III.

VI. NUMERICAL RESULTS
In this section, we evaluate the BER performance of ZF
and MF with the proposed SIC-based receivers in mode I
for conventional GFDM using analytical results and numer-
ical simulations. The simulation parameters are shown in
Table 1 based on [27], [28].

In Fig. 6, we compare the BER performance of the GFDM
system with different receiver implementations for the dif-
ferent number of iterations (J = 1, 2, 3) for each SIC
receiver. As a benchmark, our results also compare the system
performance with the ZF technique. In these simulations,
K = 32 sub-carriers andM = 5 sub-symbols are considered.
AnRC prototype filter with the roll-off factor α = 0.3 is used.
As shown in this figure, our proposed SIC technique outper-
forms the SIC technique in [28]. Our SIC-based receiver also
outperforms the ZF receiver after only 3 iterations.

We also validate our analytical findings using computer
simulations in Fig. 7. In these simulations, K = 64 sub-
carriers and M = 5 sub-symbols. An RC prototype filter
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TABLE 2. GFDM simulation parameters.

FIGURE 6. BER performance for M = 5, K = 32, 64-QAM modulation, and
RC prototype filter.

with the roll-off factor α = 0.3 is utilized. As shown in this
figure, the results from our analytical derivations are in good
agreement with that of the simulation results.

Fig. 8 shows the performance of the GFDM-MF receiver
in different iterations. In this simulation, K = 32 sub-carriers
and M = 7 sub-symbols. As shown in this figure, our
proposed SIC receiver with 5 iterations archives the same per-
formance as the GFDM-ZF receiver. The proposed method
outperforms GFDM-ZF at iteration 6.

To verify the performances of the GFDM system with the
proposed SIC technique, we analyze the signal to interference
ratio (SIR) parameter. For this simulation, we use an RC pro-
totype filter with the roll-off factor 0.3, K = 64 sub-carriers
and M = 7 sub-symbols. The SIR simulation results are
shown in Fig. 9. Observe that after 1 iteration at SNR= 15 dB,
the SIR value improves significantly and after 4 iterations
it reaches 40.43 dB. In SNR= 20 dB, after 2 iterations, the
interference ratio reaches zero and the SIR value approaches
infinity.

As shown in Fig. 9, the performance of the system
increases from 15 dB to 30 dB after one iteration. In our algo-
rithm, we utilize the modulation matrix A which is assumed
to be known at the receiver. Therefore, in the first iteration,
we have been able to remove most of the self-interference in

FIGURE 7. Comparison of analytical and simulation results.

FIGURE 8. BER performance for M = 7, K = 32, 256-QAM modulation,
and RC prototype filter.

the first iteration and gradually reach a steady state. However,
in low SNR scenarios, due to high noise volume, perfect
elimination of self-interferences will be challenging if not
impossible.

A. SNIR ANALYSIS
Now, we analyze the SNIR by considering inband and adja-
cent sub-carriers self-interferences. The SNIR is given by:

SINR(j) =
Ps

NI (j)+ N0
, (15)

where Ps is the average energy per data, j is the number
of iteration. The variance of the self-interference factor is
calculated based on (13), and the variance of the noise is
N0 = σ

2
n . According to (15), when NI → 0, SINR→ SNR

which leads to convergence.
To evaluate (15), we illustrate the SNIR performance of

conventional GFDM in Mode-I in Fig. 10. According to (15)
and Fig. 10, increasing the number of iterations decreases the
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FIGURE 9. The SIR of the proposed method in different iterations for
M = 7, K = 64, 256-QAM modulation, and RC prototype filter.

FIGURE 10. The SNIR of the proposed method in different iterations for
M = 7, K = 64, 256-QAM modulation, and RC prototype filter with
α = 0.3; a) Kn = 2 b) Kn = 15.

self-interference factor, leading to an increase in SNIR and
convergence to SNR. The reason for the lack of convergence
to the SNR value is the error-induced self-interference. This
error-induced self-interference cannot be completely reduced

TABLE 3. The complexity of different GFDM techniques.

FIGURE 11. Computational complexity of different techniques for K = 32.

to zero unless we control it with parameters such as the
modulation type and the number of null sub-carriers to bring
the SNIR closer to the SNR value as shown in Fig. 10. b.

B. COMPLEXITY ANALYSIS
We summarize the computational complexity analysis results
of GFDM receivers in terms of the number of complex
multiplications in Table 3. GFDM with DF receiver has two
parts, the matrix dimension of each part is N × N

2 . Therefore,
the GFDM-DF complexity is similar to the conventional
GFDM system. The GFDM-OQAM separately transmits the
real and imaginary parts of the data symbol, therefore, its
computational complexity is twice that of the MF receiver.
Considering that the proposed algorithm in [29] performs
message computations iteratively, its computational com-
plexity isO(cN ). In contrast, in our proposedmethod, compu-
tational complexity has a linear relation with N (see Table 3).

The complexity of GFDM systems with the proposed SIC
scheme and other receivers is compared in Fig. 11. In this
analysis, K = 32 sub-carriers and J = 1, 3 iteration
are considered. The complexity of GFDM-OQAM and
GFDM-DF is too high compared to the proposed GFDM-SIC
scheme.
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FIGURE 12. Computational complexity comparison for different
iterations.

Compared to GFDM-SIC [27], [28], the proposed GFDM-
SIC has lower computational complexity. Moreover, our pro-
posed technique has the best performance among all other
GFDM techniques. The complexity of different GFDM-
SIC techniques for different iterations is shown in Fig. 12.
The proposed GFDM-SIC has low computational complexity
compared to the SIC receiver in [27], [28]. Therefore, the
proposed GFDM based on the proposed SIC scheme is a
better choice, especially for the case where there are larger
block lengths in a GFDM system.

VII. CONCLUSION
GFDM is one of the candidate waveforms for 5Gwireless cel-
lular networks. In this paper, we studied GFDM systems and
proposed a new systemmodel along with an SIC technique to
eliminate self-interference with low complexity. For the first
time, in this paper, we introduce a GFDM system model that
defines two types of independent self-interferences namely,
inband and adjacent sub-carriers interferences. Building on
this idea, we came up with an SIC and signal estimation tech-
nique that outperforms the GFDM-SIC counterparts. We ana-
lytically verified the performance of the proposed technique
by approximating the system self-interference using Gaus-
sian distribution and obtained the probability of error in pres-
ence of noise. We presented numerical results that justify the
use of Gaussian distribution to approximate self-interference
in our model. We have shown that the results from our
analytical derivations match well with that of the computer
simulations. As shown in our results, not only our method is
able to reduce the system complexity but also it exhibits a
better performance in terms of BER and SIR compared to its
existing counterparts.
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