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ABSTRACT — Generalized frequency division multiplexing (GFDM) is a future nonorthogonal multicarrier system. GFDM 

is a block-shaped data transmission technique in which each subcarrier is formed from nonrectangular shaped pulses. The 

application of quadrature amplitude modulation (QAM) mapping for GFDM is excellent because of the increased spectral 

efficiency. QAM also has limitations, namely increasing complexity when implemented. Apart from that, the inter carrier 

interference (ICI) persists and greatly influences the system. The technique for mitigating this weakness is by using offset 

QAM (OQAM) mapping. The advantages of GFDM/OQAM over GFDM/QAM are that the quadrature and in-phase 

components in OQAM modulation do not experience shifts in the same time slot, low out of band (OOB), high data rate and 

is ICI free. This study compares two scenarios namely the GFDM/OQAM and the GFDM/QAM systems. It analyzes the 

performance of the bit error rate (BER) if additive white gaussian noise (AWGN) and Rayleigh channels are passed. The 

simulation results show that GFDM/OQAM has better performance results. The simulation results showed that in order to 

obtain BER 10-2, there should be a decrease in the value of Eb/N0 (ratio of energy per bit to noise power) by 8 dB in QAM 

to OQAM when they were passed AWGN channels. Meanwhile, when passed the Rayleigh Fading channel, there was a 

decrease in the Eb/N0 value by 9 dB in the QAM to OQAM to get a BER value of 10-2. This study has also succeeded in 

investigating the performance of the two systems for parameters of the constellation diagram and signal spectrum. Moreover, 

it has succeeded in obtaining a roll off factor reference value that can be used in the application of the GFDM/OQAM system 

with the best performance result of 0.3. The roll off factor value greatly affects the performance of the GFDM system. 

KEYWORDS — GFDM, ICI, Nonorthogonal, OQAM, QAM. 

I. INTRODUCTION 

Future wireless communication technology applications 

require a high spectrum efficiency, fast data rate, and low 

complexity. Examples of these applications include machine to 

machine (M2M) and internet of things (IoT) applications. 

Currently, the multicarrier technique applied is orthogonal 

frequency division multiplexing (OFDM). OFDM has several 

drawbacks, including the out of band (OOB) and high peak 

average power ratio (PAPR). High OOB and PAPR values will 

result in truncation of the input signal so that the information 

signal is distorted. Due to these limitations, it is necessary to 

research other multicarrier candidates that meet the 

requirements of these future applications. 

To overcome this problem, a GFDM multicarrier system is 

proposed. GFDM is a nonorthogonal filtered-multicarrier 

system in which each subcarrier is formed from nonrectangular 

shaped pulses. GFDM is based on block independent 

modulation, with each block divided into subsymbols and 

subcarriers. Each subcarrier is filtered with a circularly shifted 

prototype filter in the frequency domain and time domain [1]. 

Common GFDM uses quadrature amplitude modulation 

(QAM). The QAM will increase the efficiency of the signal 

spectrum. However, QAM also has limitations, namely there is 

still inter-carrier interference (ICI) and the high complexity of 

its implementation [2]. The method of mitigating these 

limitations is by using offset QAM (OQAM) mapping. In the 

QAM, there is a phase jump of 180º; while in the OQAM, there 

is a phase shift of 90º. The quadrature and in-phase components 

in the OQAM do not experience a shift in the same time slot. 

Therefore, the phase shift is never greater than 90º. Even 

though the signal spectrum overlaps, it does not cause crosstalk 

between subcarriers on adjacent channels for OQAM mapping. 

It is due to the half-time symbol delay between the quadrature 

and in-phase components on the subcarrier [3]. In addition, the 

system will also minimize the ICI effect by reducing the 

distance between adjacent channels for each subcarrier. The 

application of OQAM mapping to the GFDM system is better 

than QAM. The benefits of GFDM/OQAM can meet 

application requirements with high data rates and ICI-free. 

Little research has been done on OQAM in GFDM. The 

application of GFDM/OQAM to the Rician and Rayleigh 

channels has been carried out [3]-[12]. The application of 

GFDM in various fields has also been studied [13]-[18]. 

However, these studies have not yet discussed the analysis of 

system performance on Rayleigh channels. In addition, only a 

few parameters were studied. The contribution of this study is 

to compare the performance of GFDM/QAM with 

GFDM/OQAM through the AWGN and Rayleigh channels. 

Based on the existing literature, there have been no articles on 

the performance of GFDM on both systems in national journals. 

Therefore, it is essential to conduct this study. The next 

contribution is to compare the performance of the two systems 

for the BER parameters, constellation diagrams, and signal 

spectrums. In addition, the effect of the roll off factor (α) on the 

performance of GFDM was observed. 

The organization of this paper is as follows: the second part 

discusses the GFDM/QAM and GFDM/OQAM models, the 

third part discusses the decrease in the BER formula that is 

passed on the AWGN and Rayleigh channels. The results and 

discussion are presented in the fourth section, while the fifth 

section presents the conclusion. 

II. SYSTEM MODEL

GFDM is a multi-carrier system using flexible pulse

shaping. GFDM is a candidate for future waveforms that use 

OFDM, but the GFDM output is obtained by summing multiple 
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data carrier signals with specific subcarriers and subsymbols. 

GFDM is a block-shaped modulation system, which consists of 

several subsymbols and subcarriers. Each subcarrier is filtered 

by a prototype filter that shifts circularly in the frequency and 

time domains. This technique can reduce OOB, increase 

spectrum efficiency and minimize intersymbol interference 

(ISI) and ICI [1].  

GFDM has a low OOB so that it can overcome the 

weaknesses of OFDM. This is because GFDM is affected by 

the application of a pulse shaping filter on each subcarrier. 

GFDM also has a cyclic prefix (CP) to minimize ISI when 

passed on a multipath channel. The simple structure of GFDM 

makes synchronization easier and can reduce the energy use 

[19]. 

Figure 1 is the block diagram of the GFDM/OQAM system. 

The input information signal is a binary data series �⃗�  converted 

to code data �⃗� 𝑐 . The data were then mapped into a mapper 

block into a row of symbols. Mappers applied were QAM and 

OQAM. M-ary QAM has M different combinations of data bits 

of n. The outputs of the QAM and OQAM mappings are called 

vector data 𝑑 , which can also be described as 𝑑 =
 𝑑0, 𝑑1, … , 𝑑𝑁−1 with N is the sum of all symbols. Then, the 

vector data were changed to small speed data and would be 

decomposed into GFDM measuring KxM, with variable K is 

the number of subcarriers and M is the subsymbol in GFDM 

[7]. Hence, the result vector of the process can be represented 

as 𝑑 = 𝑑0,0, 𝑑1,0, … , 𝑑𝐾−1,𝑀−1. 
The components of GFDM/OQAM are similar to those in 

GFDM/QAM, however, they have slight differences. The 

difference is the sample shift between in-phase and quadrature 

components of K/2 on complex data in the time domain for 

QAM mapping. A good OQAM mapper can reduce ICI/ISI 

efficiency. 

The use of complex baseband data symbols in the 

GFDM/QAM system is a real data symbol modulated by 

OQAM sent to each subcarrier with a synthesis of the basis 

function derived from the time-frequency version of the 

prototype function with (1) [4]. 

 𝑔𝑘,𝑚(𝑛) = 𝑔 [(𝑛 −
𝑚𝐾

2
)𝑚𝑜𝑑 𝐾𝑀] 𝑒

𝑗2𝜋𝑘

𝐾
[𝑛−

𝐿𝑝−1

2
]
 (1) 

where n = 0, 1, ...KM − 1, 𝑔𝑘.𝑚(n) is a prototype function g(n) 

which is circularly shifted in the frequency and time domains. 

The complex exponential form uses a phase component that has 

a delay and also undergoes rotational operations. Lp is the 

length of the prototype function. The superposition process for 

the data sent is in the form of discrete time. The GFDM/ 

OQAM output can be presented in (2) [20]. 

 𝑥(𝑛) = ∑ ∑ 𝑎𝑘(𝑚)𝑔𝑘,𝑚(𝑛)𝑒𝑗𝜙𝑚,𝑘𝑀−1
𝑚=0

𝐾−1
𝑘=0 . (2) 

where n = 0, 1, ...KM − 1, 𝑎𝑘(m) is data in the form of complex 

output of QAM mapping and∅𝑚,𝑘 =
(𝑘+𝑚)𝜋

2
, 𝑒𝑗∅𝑚,𝑘  shows a 

phase difference of π/2 between data 𝑎𝑘(m). 

The signal received at the receiver side after being exposed 

to propagation through the wireless channel can be written in 

(3) [1]. 

 𝑟 = 𝐻𝑥 + 𝑤 . (3) 

where H = circ{ĥ} is circular convolution channel matrix; ĥ is 

zero padding from h, which is similar to x; w ∼ ƇƝ (0,𝜎𝑤
2𝐼𝐾𝑀) 

is AWGN noise with different variances 𝜎𝑤
2 ; and  𝐼𝐾𝑀  is an 

identity matrix with order KM. Form r(n) can be written down 

as r(n) = x(n) ∗ h(n)+w(n), where ∗ is a convolution process and 

h(n) is an impulse response in the fading channel. The AWGN 

channel matrix is written h(n) = 1, which is the same as H = I. 

The first step on the receiver side was to remove the CP that 

had been added to the transmitter. As a result, only the actual 

information symbols remained. After the CP was removed, the 

fast Fourier transform (FFT) was carried out to convert the time 

domain data into a frequency domain and separate the 

information signal from the carrier signal. This process is a 

demodulation process and is the opposite of the inverse fast 

Fourier transform (IFFT). The demodulator process in 16-

QAM is the reverse process of the 16-QAM modulator. The 

demodulator process on 16-QAM aims to convert the GFDM 

symbol sequence back into the original data bits sent [7]. The 

BER value is the ratio of the bit error received at the receiver 

side compared to the initial information bit at the transmitter. 

In this study, the method used was zero forcing (ZF) which is 

shown in (4). The trick is to create an identity matrix I and form 

 
Figure 1. Block diagram of GFDM/OQAM. 

EN-2



JURNAL NASIONAL TEKNIK ELEKTRO DAN TEKNOLOGI INFORMASI 
p-ISSN 2301–4156 | e-ISSN 2460–5719 
  

 

Ari Endang Jayati: Performance Comparison of Generalized ... Volume 12 Number 1 February 2023 

a matrix A+, where A+A = I. Matrix A+ = (AHA)-1AH can be 

denoted as A+ = AH (AAH)-1 [1]. 

 𝑑𝑍𝐹 = 𝑨+𝑦. (4) 

III. PERMORMANCE ANALYSIS 

In this section, the performance analysis of the two systems 

will be discussed. The flow chart of this research can be seen 

in Figure 2. The mathematical form of the 16-QAM signal is 

represented in (5). 

𝑆(𝑡) = √
2𝐸𝑚𝑖𝑛

𝑇𝑠
 𝐼(𝑡) 𝑐𝑜𝑠[2𝜋𝑓𝑜𝑡]

− √
2𝐸𝑚𝑖𝑛

𝑇𝑠
 𝑄(𝑡) 𝑠𝑖𝑛[2𝜋𝑓𝑜𝑡] 

(5) 

where Emin is the signal energy that has the lowest amplitude 

and 𝑎𝑖, 𝑏𝑖 is an integer chosen according to the position of the 

signal. Score I(t) is ±1 and Q(t) is ±3 . I(t) and Q(t) are 

elements of a matrix of size 𝐿𝑥𝐿. The values of I(t) and Q(t) are 

shown in (6), with the value 𝐿 = √𝑀, for 16-QAM modulation 

(M = 16, L = 4). 

(𝐼(𝑡), 𝑄(𝑡)) = [

(−3,3) (−1,3) (1,3) (3,3)
(−3,1) (−1,1) (1,1) (3,1)
(−3,3) (−1,−1) (1, −1) (3, −1)

(−3,−3) (−1,−3) (1, −3) (3, −3)

](6) 

In this section, the performance of QAM and 

GFDM/OQAM will be analyzed analytically. On the flat fading 

channel, the noise enhancement factor (NER) value is shown in 

(7) [2] 

 𝜁 = ∑ |[𝑑𝑍𝐹]𝑘,𝑛|
𝐾𝑀−1
𝑛=0

2
. (7) 

where 𝜁 the same for all k values.   

The value of SER GFDM/OQAM for the AWGN channel 

is denoted in (8) [2]. 

 𝑝𝐴𝑊𝐺𝑁(𝑒) = 2 (
𝑘−1

𝑘
) 𝑒𝑟𝑓𝑐(√𝛾) − (

𝑘−1

𝑘
) 𝑒𝑟𝑓𝑐2(√𝛾) (8) 

The GFDM/OQAM SNR system has the form as (9) and (10) 

 𝛾 =
3𝑅𝑇

2(2𝜇−1)
.
𝑁𝑠𝐸𝑠

𝜁𝑁𝑜
 (9) 

and 

 𝑅𝑇 =
𝐾𝑀

𝐾𝑀+𝑁𝐶𝑃+𝑁𝐶𝑆
. (10) 

where 𝜇 is the number of bits per symbol QAM, 𝑘 = √2𝜇, 𝑁𝐶𝑃 

is the length of the cyclic prefix and cyclic suffix 𝑁𝐶𝑆, K and M 

represents the number of subcarriers and subsymbols, 𝐸𝑠 is the 

average energy per symbol and 𝑁𝑜 is the noise power density. 

The 𝑁𝑠 factor has a value of 2 for OQAM and 1 for QAM. 

The SER GFDM/OQAM value for the Rayleigh channel is 

written in (11) [2] 

𝑝𝑅𝐴𝑌(𝑒)

= 2 (
𝑝 − 1

𝑝
)(1 − √

�̅�𝑟

1 + �̅�𝑟
)

− (
𝑝 − 1

𝑝
)
2

[1 −
4

𝜋
√

�̅�𝑟

1 + �̅�𝑟
𝑎𝑟𝑐𝑡𝑎𝑛(√

1 + �̅�𝑟

�̅�𝑟
)] 

(11) 

where �̅�𝑟 is the SNR in the Rayleigh channel; �̅�𝑟 =
3𝑅𝑇𝜎𝑟

2

(2𝜇−1)
.
𝑁𝑠𝐸𝑠

𝜁𝑁𝑜
 

and 𝜎𝑟𝑎𝑦
2 = 𝜎𝑟

2 ∑ |ℎ𝑗|
2𝑁𝑐ℎ−1

𝑗=0 . h is the impulse response of the 

channel with length Nch and 𝜎𝑟
2=1/2 Rayleigh tap parameters 

distributed based on the SER performance. 

IV. RESULT AND DISCUSSION 

This section presents the results of investigations using 

simulations on the GFDM/OQAM and QAM systems. The 

comparison of the performance of the GFDM/OQAM and 

GFDM/QAM systems can be analyzed after the successful 

running of the program. The simulation used MATLAB 

R2015a. This study was conducted using the modeling of 

Figure 1, namely the GFDM/QAM and OQAM systems. In this 

simulation, the parameters used were in accordance with Table 

I. 

A.  GFDM/QAM SIMULATION RESULTS ON THE AWGN 
CHANNEL 

The GFDM/QAM was simulated with variations in the 

Roll-of-factor (α) value of 0.3, 0.5, and 1, when passed on the 

AWGN channel. The comparison of BER on GFDM/QAM 

with variation of α is shown in Figure 3. The simulation results 

of the GFDM/QAM system for a value of α = 0.3 showed that 

a system with Eb/N0 10 dB had a BER performance of 0.025. 

Whereas, the GFDM/QAM system of α = 0.5 produced a BER 

of 0.035, and for α=1 produced BER of 0.07. 

The GFDM/QAM system with the best performance results 

used a value of α = 0.3, while the value of α = 1 achieved the 

lowest system performance. The selection of the pulse shaping 

 

Figure 2. Research flowchart. 

 

 

TABLE I 

PARAMETER SIMULATION 

Parameter Notation GFDM 

Subcarrier K 5 

Subsymbols M 9 

Pulse shaping g Root raised cosine 

Roll of factor 
𝛼  

0;0.3;0.5;1 

Mapping 16 QAM dan 16 OQAM 
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value on the GFDM/QAM is the reason for this. Based on the 

results in Figure 3, the greater the value of α or close to 1, the 

higher the BER value, meaning that the system performance is 

decreasing. The cause was the spectrum overlap between 

subcarriers. The overlap between these subcarriers produced 

interference which affected the magnitude of the error value at 

the receiver, resulting in a greater BER value. 

B. GFDM/OQAM SIMULATION RESULTS ON AWGN 
CHANNELS 

Similar to the previous simulation, in this section the BER 

on the GFDM/OQAM system passed on the AWGN channel is 

presented in Figure 4 with value variations of 0.3; 0.5; and 1. 

In this simulation, a comparison curve between GFDM/QAM, 

GFDM/OQAM, OFDM, and 16 QAM (theory) was created, as 

shown in Figure 5. 

The simulation of the GFDM/OQAM system with value 

variations of 0.3; 0.5; and 1 yielded almost the same BER curve. 

In contrast to the performance of GFDM/QAM, the 

performance of the GFDM/OQAM system for all values of had 

better performance. For example, to obtain a BER value of 10-

3, an Eb/N0 value of 11dB was required. Therefore, it can be 

concluded that the selection of the value of greater than 0 on 

the GFDM/OQAM results in better performance. 

C. COMPARISON OF BER GFDM/QAM WITH 
RECTANGULAR AND NONRECTANGULAR PULSE 
SHAPING ON AWGN 

The modeling parameters used in this section are still the 

same as the previous parameters. In this section, the 

GFDM/QAM system with values varying from 0 and 1 is 

investigated. The value of α = 0 indicate a rectangular or 

square-shaped pulse shaping, while the value of α = 1 is pulse 

shaping in the form of nonrectangular or not square. BER 

performance of the GFDM/QAM system is obtained from the 

comparison of the two roll-of-factor values. The value of BER 

against Eb/N0 is presented in Figure 5. 

Based on Figure 5, it can be seen that the use of rectangular 

pulses in the GFDM/QAM system with a value of Eb/N0 10 dB 

has a BER performance of 0.0016. Meanwhile, the use of pulse 

shaping in the form of a nonrectangular pulse resulted in the 

performance of 0.0249. This simulation suggests that BER 

performance in GFDM/QAM with rectangular pulse shaping is 

better than GFDM/QAM which uses nonrectangular pulse 

shaping. 

In this study, it can be seen that the performance of BER in 

GFDM/QAM with rectangular pulse shaping is better than the 

nonrectangular GFDM/QAM system. The BER value 

decreased to 99.99% at Eb/N0 of 15 dB. When the GFDM/QAM 

system with pulse shaping was in the form of root raised cosine 

or nonrectangular, the output signal lost its orthogonality. In 

order to achieve better BER performance, the system should 

use α = 0 or rectangular. It is crucial to maintain the signal 

orthogonality so as to avoid interference between subcarriers. 

D. COMPARISON OF BER GFDM/OQAM PULSE SHAPING 
RECTANGULAR AND NON-RECTANGULAR ON AWGN 

In the previous section, the performance of BER when 

passing AWGN channels with different modulations based on 

the selection of roll-of-factor values has been observed. An 

investigation was carried out through simulation of the 

GFDM/OQAM system compared to GFDM/QAM with a value 

 

Figure 3. Comparison of BER on OFDM/QAM over AWGN channel. 

 

Figure 4. OFDM/OQAM BER graphs are passed through the AWGN channel. 

 

 

Figure 5. Comparison OFDM/QAM system with rectangular and nonrectangular 
pulse shaping. 

 

Figure 6. Comparison of BER OFDM/OQAM and QAMA over AWGN channel 
(α=0.3). 
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of 0.3. The BER performance of both GFDM systems was then 

obtained. The BER and Eb/N0 values of the GFDM system 

using the value α = 0.3 can be shown in Figure 6. 

Based on Figure 6, it can be seen that the BER curve of 

GFDM/OQAM is better than that of GFDM/QAM. To obtain a 

BER value of 0.0013, a value of Eb/N0 10 dB is required for the 

GFDM/OQAM system. Meanwhile, the GFDM/QAM system 

has a BER value of 0.024 for the same Eb/N0 value. Hence, the 

BER performance of the GFDM/OQAM system is better than 

that of GFDM/QAM for the value of α = 0.3. The magnitude of 

the value of Eb/N0 affects the GFDM system, namely the 

greater the value of Eb/N0, the smaller the BER value obtained. 

If the noise power is greater, the value of Eb/N0 will be smaller 

which will cause more and more bits to be received to be wrong. 

Hence, it can be concluded that the performance of BER 

GFDM/OQAM is better than BER GFDM/QAM. The 

reduction of BER from GFDM/QAM to GFDM/OQAM can be 

up to 99.96% for the value of Eb/N0 15dB [7]. 

Scatter plots of simulation results from GFDM/OQAM and 

GFDM/QAM are shown in Figure 7 and Figure 8. Scatter plots 

or constellation diagrams are useful for knowing the symbol 

detection area on the receiving side of the GFDM system. 

The constellation diagrams for symbols in the 

GFDM/OQAM system are seen close to each other. These 

symbols are in the decision area. Meanwhile, the constellation 

diagram on GFDM/QAM shows that the symbol spreads at all 

points and falls off the symbol detection region at the receiver. 

The result is that the BER value is not 0. 

E. COMPARISON OF GFDM/OQAM AND GFDM/QAM 
VARIOUS Α ON AWGN CHANNELS  

This section will investigate the performance of 

GFDM/QAM and GFDM/OQAM using varying values of α = 

0 on QAM and α = 1 on OQAM. The value of α = 0 means 

using a rectangular shaped pulse shaping. While the value of α 

= 1 means using nonrectangular pulse shaping. The BER 

obtained by the two different values of α or pulse shaping was 

then compared for its performance. The BER simulation results 

for Eb/N0 for both systems can be seen in Figure 8. 

Figure 9 shows that the GFDM/QAM system with 

rectangular pulse shaping and GFDM/OQAM with 

nonrectangular pulse shaping have relatively same Eb/N0 values. 

Value obtained BER 10-2 for GFDM/OQAM and QAM 

required Eb/N0 of 8 dB. Therefore, it can be seen that when 

using nonrectangular shaped pulse shaping, OQAM mapping 

must be used so that it does not cause interference between 

subcarriers so that orthogonality can be maintained. The BER 

performance of the GFDM/QAM system using rectangular 

pulse shaping was as good as that of the nonrectangular 

GFDM/OQAM. 

F. COMPARISON OF GFDM/OQAM AND QAM VIA 
RAYLEIGH FADING CHANNEL 
After the simulation to obtain the BER performance of the 

GFDM system on the AWGN channel, the next step is the 

 

Figure 7. Scatterplot of OFDM/QAM systems. 

 

Figure 8. Scatterplot OFDM/OQAM systems. 

 

 

Figure 9. BER on OFDM/OQAM (α=1) and COFDM/QAM (α=0). 

 

Figure 10. Comparison of BER OFDM/QAM and OFDM/QAM on Rayleigh 
channel for α = 1. 
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simulation to obtain the BER performance of the Rayleigh 

Fading channel. Similar to the previous simulation on the 

AWGN channel, the GFDM/OQAM and QAM systems were 

simulated using a variation of the value of α, namely 0.3, 0.5, 

and 1. The subsequent step is comparing the performance of the 

BER obtained in the two scenarios. The simulation results of 

BER against Eb/N0 in GFDM with a value of α = 1 are shown 

in Figure 10. 

Figure 10 shows that the BER value of GFDM/OQAM is 

better than that of GFDM/QAM. When the value of Eb/N0 was 

20 dB, the GFDM/OQAM system obtained a BER performance 

of 0.16. On the other hand, the GFDM/QAM system obtained 

a BER performance of 0.18. It can be concluded that the 

performance of GFDM/OQAM on Rayleigh channel when the 

value of α = 1 is better than GFDM/QAM. 

G. POWER SPECTRAL DENSITY ANALYSIS  

This section analyzes the signal spectrum parameters in the 

simulation of the two systems, as shown in Figure 11. Spectral 

density of a signal is the distribution of signal power in the 

frequency region. It is very significant for understanding 

filtering systems in wireless communication systems. Power 

spectral density (PSD) was used to evaluate the signal or noise 

at the filter output [7]. 

The FFT converts the signal into the frequency domain to 

observe the transmitted information signal PSD. Welch’s 

method was used to observe PSD. The PSD curve for the 

GFDM system is shown in Figure 10. The GFDM/OQAM had 

smaller sidelobes and OOB emissions than GFDM/QAM. The 

attenuation value for GFDM/OQAM was about -7 dB below 

the GFDM/QAM signal. It happens because there is a half-time 

symbol delay between the quadrature and in-phase components 

of the subcarrier in OQAM systems. In addition, OQAM also 

minimizes ICI effects by reducing the distance between 

adjacent channels for each subcarrier 

V. CONCLUSION 

This study has succeeded in comparing the performance of 

the GFDM system with QAM and OQAM. It has also 

investigated the performance of both systems for BER 

parameters, constellation diagrams, and signal spectrum. The 

advantage of GFDM/OQAM over GFDM/QAM is that the 

quadrature and in-phase components of OQAM modulation do 

not shift in the same time slot. In addition, GFDM/OQAM had 

low OOB and high data rate; and was free from ICE. The roll-

off factor value greatly affects the performance of the GFDM 

system. If the value of α is higher, so is the value of BER. This 

study succeeded in obtaining a reference value of roll-off factor 

that could be used in the application of the GFDM/OQAM 

system with the best performance result of 0.3. The next 

research is to investigate MIMO-GFDM using QAM and 

OQAM mapping on AWGN and Rayleigh channels. 
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