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Abstract— Orthogonal Frequency Division Multiplexing (OFDM) is chosen as a multiplexing technique and broadly used in today’s 

radiocommunication environments to overcome spectrum insufficiency. In current OFDM applications, the IDFT/DFT algorithms are 

used for modulation and demodulation, efficiently implemented using the IFFT/FTT. The IFFT and FFT are some of the main 

components of OFDM systems, requiring intensive computation, especially for a high number of sub-channels. Reducing the 

computational burden of the IFFT/FFT would offer an advantage in reducing the total OFDM system complexity.  In this proposed 

system, the idea of implementing the very fast Fourier transform (VFFT) in OFDM (later, it is called G-OFDM) is based on a trade-off 

between performance and complexity. The implementation complexity of G-OFDM is lower than OFDM. However, there is a 

performance cost. G-OFDM has been studied both analytically and in simulation over the AWGN channel. In particular, performance 

is marred by the non-uniformity of SNR among sub-carriers. In this study, it was proposed two G-OFDM variants called G1-OFDM 

and G2-OFDM. G1-OFM is the least complex among all G-OFDM scenarios but gives the worst performance, while G2-OFDM gives 

the best performance but is the most complex. The results show that the performance of G-OFDM and its variants can be improved 

through the application of different values of n-quantization levels. In other words, using n-quantization levels, we can decrease the 

processing loss of the G system. 
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I. INTRODUCTION

Communication system technology continues to develop to 

meet the need for high data rates. Orthogonal Frequency 

Division Multiplexing (OFDM) based on discrete Fourier 

transform (DFT) using a multicarrier modulation scheme 

(MCM) [1]. OFDM is the main competitor of the

communication system needed for the next generation. This

technology is remarkably interesting because it can still

maintain its performance in poor channel conditions [2], [3].

So, OFDM has been widely used commercially and is still in

research development, namely: Digital Video Broadcasting-
Terrestrial (DVB-T) [4], Wireless Local Area Network

(WLAN) [5], Broadband Wireless Access (BWA) especially

IEEE 802.16d WiMAX [6], [7], IEEE 802.20 mobile

Broadband Wireless Access (BWA) and Mobile Multimedia

Access Communication (MMAC) [8]-[10] as well as 4th 

Generation (4G) cellular standards such as Long Term 

Evolution (LTE) [11]-[14].  

Since the pioneering work by Cooley and Turkey, an 

inordinate amount of work has been done on algorithms such 
as the radix-2m algorithm, Winograd algorithm, prime factor 

algorithm, and split radix algorithm. The very fast Fourier 

transform (VFFT) was introduced to reduce the 

implementation complexity of the fast Fourier transform (FFT) 

[[15]. It has beneficial computational advantages over the 

ubiquitous FFT. Currently, several low-complexity 

techniques for computing Discrete Fourier transform (DFT), 

or inverse DFT exist, the latest of which is the VFFT 

algorithms considered in this paper.  

Low-complexity techniques for DFT computation are 

useful in OFDM because they offer lower power consumption. 
Research of various algorithms on computational complexity 

reduction in OFDM has been investigating. The performance 

of Discrete Wavelet Transform (DWT), Double Density 

Discrete Wavelet Transforms (DDDWT), Discrete Cosine 
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Transform (DCT) that applied to OFDM have been studied in 

[17]-[24]. Also, the use of various FFT algorithms as 2-radix 

FFT, 4-radix FFT, Winograd FFT, and the very recent very 

fast Fourier transform (VFFT) in the OFDM system have 

been examined in [25]-[29].  

We have investigated the implementation of an inverse 

VFFT and a VFFT algorithm in OFDM systems, using the G 

matrix, an integer form of the Fourier matrix [29]. The 

numbers of non-trivial multiplications of direct DFT and 

VFFT calculations, for various matrix dimensions N, using 

the G matrix, require appreciably fewer complex 

multiplications than using the Fourier matrix when N  16. 
The VFFT algorithm is implemented in the OFDM system by 

replacing the IFFT/FFT with the IVFFT/VFFT, at transmitter 

and receiver, respectively. The IVFFT/VFFT is a linear 

process and completely reversible. The data was returned to 

the original input, whether we applied the IVFFT or VFFT in 

the transmitter, if we did the reverse in the receiver, i.e., G-1G 

= GG-1 = I.  

In this paper, two different implementation variants are 

analyzed: G1-OFDM and G2-OFDM. The G1-OFDM model 

is the simplest compared to other G-OFDM variants. Both 

transmitter and receiver use a simple matrix, G* and G. 

However, neither of these matrices satisfy the matched linear 

transform condition, i.e., G*G  I. For G2-OFDM, it satisfies 

the matched linear transform condition, i.e., ��∗������ � �. 
The author explains the block diagrams of the proposed 

system in section II. Simulation results are discussed in 

Section III.  Finally, the author presents the conclusion in 
section IV. 

II. MATERIAL AND METHOD 

The application of the G-OFDM variants model and row-

gain characteristics in each transmitter and receiver part is 

proposed. We consider expanding our work by applying the 

conjugate G and G matrix to the OFDM transmitter and 

receiver, respectively, with lower computational complexity 
than the inverse G and G matrix in the OFDM transmitter and 

receiver. This is just one VFFT variant that can be applied to 

an OFDM system. Other G-OFDM variants are also presented 

in detail in this section. 

The distinction between G-OFDM and its variants is in the 

way of implementing the G matrix (G), the G approximation 

matrix 	��
 , correction factors (H) and correction factor 

approximations (���), for approximating the inverse Fourier 
(F-1) and Fourier matrix (F), at the transmitter and receiver of 

the OFDM system, respectively. Consequently, we review 

some alternatives to the simpler implementation technique of 

the G system at the mobile transmitter and receiver. The 
utility of these implementation techniques can be studied by 

observing the row-gain characteristics of each model. The 

following assumptions have been made in analyzing our 

model, which is: the channel is assumed to be a perfect 

channel with AWGN, in use of matrix operations, 

1. � � ����	�
, 

2. �∗ � ����	�

� ; where N defines N-point FFT, 

3. �� � �����	����

�� ; where �� is the G matrix quantization 

level, �� � 2� , � � 1,2,3,4, . . . . . . . , 14., 
4. H = GF-1, where F-1 defines the inverse Fourier matrix, 

5. � � �$���, ��� � �����	�%�%

�% ; where �& is the H matrix 

quantization level, �& � 2� , � � 1,2,3,4, . . . . . . . ,14. , 

and �$ � �'���()�
. 

A. G-OFDM Model 

A transformed discrete baseband G-OFDM system is 

illustrated in Figure 1 using matrix operations. 
 

 

 

 

 
 

 

 

 

 

 

Fig. 1 G-OFDM model 

 

Information bits in a series form which denoted as * ∈
*,

���
is converted into M-ary symbols in parallel data. These 

symbols then are transmitted on N sub-channels, denoted - ∈
-,���. The type of modulation used determines the number of 
bits per sub-carrier. The number of information bits per G-

OFDM symbol depends on the number of sub-carriers N. 

Each sub-carrier transmits one modulation symbol during 

each G-OFDM symbol. The output of the inverse G block 

represents the G-OFDM symbol with N samples in the time 

domain. Thus, we have  

 

 . � �)�/, (1) 

 

G-1 is the 0 � 0 inverse G matrix with rational number 

entries since the inverse matrix is derived from the ratio of 

adjoint and determinant matrix. The time-domain sampled 

signal vector, s, is normalized by a factor of 1/k by referring 

the total transmitted signal power to 1 watt. The normalized 

signal transmission, x=(1/k)G-1S, is sent sequentially through 

the channel. The channel is assumed to be perfect, but with 

AWGN. The AWGN time vector is denoted as 

 

 1 � �)�2 (2) 

 
The received signal is obtained as: 

 

 3 � 4 5 1, (3) 

 

 y=(1/k)G-1S+F-1N, (4) 

 

1/k denotes the transmitted signal normalization factor and 

�)� is the inverse Fourier matrix. For a fair comparison, the 

factor 1/k normalizes the G-OFDM transmitted signal power 

to have the same transmitted signal power as OFDM. The 

normalized factor can be computed as: 
 

 
�
6 � ∑ ∑ 8'9:;(<=8>?<=:@A?<=;@A

∑ ∑ 8'�:;(<=8>?<=:@A?<=;@A
 (5) 

 
Then we have the received signal vector after de-

 

G-1 

 

 

1/k 

 

G 

 

 
DE-

MOD 

 

 

k 

 

b 

 

S 

 

s 

 

x 

 

y 

 

r 

 

R 

 

BC  

 

n 

1424



 
 

 

MOD 
 
 
 

normalization by the factor k: 

 

 r = k((1/k)G-1S+F-1N), (6) 

 D � �)�/ 5 	k
�)�2. (7) 

 

In the receiver, the processing of the transmitted signal 

gives the received signal in the frequency domain as 

 

 R=G(G-1S+(k)F-1N), (8) 

 

which simplifies to 
 

 F � / 5 	k
��)�2. (9) 

 

The received signal vector, R, is then demodulated, and we 

recover data as *G ∈ *G,
���

. 

In the extended G-OFDM model, we apply the inverse G 

approximation matrix ��)�and the G approximation matrix 

��at transmitter and receiver, respectively, as shown in Figure 

2. With the same assumptions and analysis applied to the 

extended system, the properties of G-OFDM with �� and ��)� 
implementation are summarised as follows: 

1. The output of ��)� block, s: 

 

 . � ��)�/ (10) 
 

2. Transmitted signal vector after normalization, x: 

 

 4 � H�
6I ��)�/ (11) 

 

3. Received signal vector, y: 

 

 3 � H�
6I ��)�/ 5 �)�2 (12) 

4. Received signal vector after de-normalization, r: 

 

 D � ��)�/ 5 	k
�)�2 (13) 

5. Received signal vector in the frequency domain, R: 

 

 F � / 5 	k
���)�2 (14) 
 

 

 

 

 
 

 

 

 
 

Fig. 2 G-OFDM model with �� implementation 

B. G-OFDM Variants 

G-OFDM variants arise from different combinations of G 

matrix, G, and or G approximation matrix �J , and 
multiplicative correction factor, H, applied to OFDM systems. 

In other words, various approximations for the inverse Fourier 

and Fourier matrices are used at transmitter and receiver. The 

following G-OFDM variants are explained, as shown below: 

1)  G1-OFDM Model:  A variant of the G-OFDM system, 

which we call G1-OFDM, can be seen in Figure 3. The G* 

frame's output represents the N samples of the G2-OFDM 

symbol in the time domain. Hence, we have 

 

 . � �∗/, (15) 

 

Where G* denotes the conjugate G matrix with K0, M 1, M
j, M 1 M OP  entries, and S is the transmitted signal before 

normalization. After normalization, S can be written as: 

 

 x = (1/k)G*S (16) 

 

The received data, y, is the summation of the normalized 

signal vector with noise vector, can be written as: 

 

 y = (1/k)G*S+F-1N (17) 

 
After de-normalization, it can be shown as: 

  

 r = k((1/k)G*S+F-1N), (18) 

 

 D � �∗/ 5 	k
�)�2, (19) 

 

After passing the G block, the received signal is obtained: 

  

 F � �	�∗/ 5 	k
�)�2
, (20) 

 

 F � ��∗/ 5 	k
��)�2. (21) 

 

The normalization factor 1/k for this model can be written as: 
 

 
�
Q � ∑ ∑ 8'9:;(<=8>?<=:@A?<=;@A

∑ ∑ 8'�:;(∗8>?<=:@A?<=;@A
. (22) 

 

 

 

 

 
 

 

 

 

 

Fig. 3 G1-OFDM model 

 

The extended model is created by applying �� in the G1-

OFDM model, as illustrated in Figure 4. The G1-OFDM with 

applied �� has properties that can be summarised: 

1. The output of the ��∗ block, s: 

 

 . � ��∗/; (23) 
 

2. Transmitted signal vector after normalization, x: 

 

 4 � H�
6I ��∗/; (24) 

3. Received signal vector, y: 
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 3 � H�
6I ��∗/ 5 �)�2; (25) 

4. Received signal vector after de-normalization, r: 

 

 D � ��∗/ 5 	k
�)�2; (26) 

5. Received signal vector in the frequency domain, R: 

 
 

 

 

 
 

 

 

 

 

Fig. 4 G1-OFDM model with �� implementation 

2)  G2-OFDM Model:  A transformed discrete baseband 

G2-OFDM system using matrix operations is illustrated in 

Figure 5. The G2-OFDM properties can be summarized as 

follows: 

1. The output of the HG∗H$ block, s: 

 

 . � ��∗�$/; (28) 

 

2. Transmitted signal vector after normalization, x: 

 

 4 � H�
6I ��∗�$/; (29) 

 

3. Received signal vector, y: 

 

 3 � H�
6I ��∗��/ 5 �)�0; (30) 

 

4. Received signal vector after de-normalization, r: 

 

 D � ��∗�$/ 5 	k
�)�2; (31) 

 

5. Received signal vector in the frequency domain, R: 

 

 F � ������∗�$/ 5 	k
�����)�2. (32) 
 

 

 

 

 
 

 

 

 

 

Fig. 5   G2-OFDM Model  

 

Next, we replace G and H and apply ��, ��� and �� in the 
model, to extend the G2-OFDM model as presented in Figure 

6. The G2-OFDM with applied �� ��� and �$ has properties: 

 

6. The output of the ���∗�$ block, s: 

 

 . � ���∗�$/; (32) 

7. Transmitted signal vector after normalization, x: 

 

 4 � H�
6I ���∗�$/; (33) 

 

8. Received signal vector, y: 

 

      3 � H�
6I ���∗�$/ 5 �)�2; (34) 

 

9. Received signal vector after de-normalization, r: 

 

      3 � ���∗�$/ 5 	k
�)�2; (35) 
 

10. Received signal vector in the frequency domain, R: 

 

    F � ��������∗�$/ 5 	k
������)�2. (36) 
 

 

 

 

 
 

 

 

 

 

Fig. 6 G2-OFDM model with applied ��, ��� and �$ 

C. Processing Gain/Loss of G-OFDM 

Since data are transmitted using G-1, the total transmitted 

signal power would be typically less than 1,  
 

 TU�V	�
 � ∑ ∑ W�,�)�W�,
$ X 1, (37) 

 

At the receiver, using G to process the data, the signal power 

would be typically higher than 1, so: 

 

 T	�
 � ∑ ∑ W�,�)�W�,
$ Y 1. (38) 

 

The signal power that we get after G processing would be 

unity, since �)�� � � . Ideally, all sub-channels of a 

transmission system should have the same BER performance 

for the same Eb/No into the decision circuit (assuming that 

noise is Gaussian PDF) here, whether F or G is being used for 

determining the Eb/No required to get the same BER. The 

gain or loss of the G processing technique is the difference of 

Eb/No, and this is analyzed and simulated for the G-OFDM 

system and its variants.  

The non-uniform row-gain of the G matrix leads to a non-
uniform noise contribution to the SNR of each subcarrier in 

the proposed system. This small non-uniform variation gives 

an almost uniform or flat noise power spectrum, with 

increased noise power compared to OFDM. 

The processing gain/loss between G-OFDM and OFDM 

system in AWGN channel and without other impairments is 

defined by the factor: 

 

 
Z∑ W�;W>?<=;@A [

Z|Q|> ∑ W]:;�;W>?<=;@A [
 (39) 
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Various approximations ��� for the 8-point G matrix can be 

seen as follows. 

If n = 1 

 

��� �

⎣
⎢
⎢
⎢
⎢
⎢
⎢
⎡1 1 1 1 1 1 1 1
1 1 − O −O −1 − O −1 −1 5 O O 1 5 O
1 −O −1 O 1 −O −1 O
1 −1 − O O 1 − O −1 1 5 O −O −1 5 O
1 −1 1 −1 1 −1 1 −1
1 −1 5 O −O 1 5 O −1 1 − O O −1 − O
1 O −1 −O 1 O −1 −O
1 1 5 O O −1 5 O −1 −1 − O −O 1 − O ⎦

⎥
⎥
⎥
⎥
⎥
⎥
⎤

� �; 

If n = 2 

��$ �

⎣
⎢
⎢
⎢
⎢
⎢
⎢
⎡1 1 1 1 1 1 1 1
1 0.5 − 0.5O −O −0.5 − 0.5O −1 −0.5 5 0.5O O 0.5 5 0.5O
1 −O −1 O 1 −O −1 O
1 −0.5 − 0.5O O 0.5 − 0.5O −1 0.5 5 0.5O −O −0.5 5 0.5O
1 −1 1 −1 1 −1 1 −1
1 −0.5 5 0.5O −O 0.5 5 0.5O −1 0.5 − 0.5O O −0.5 − 0.5O
1 O −1 −O 1 O −1 −O
1 0.5 5 0.5O O −0.5 5 0.5O −1 −0.5 − 0.5O −O 0.5 − 0.5O ⎦

⎥
⎥
⎥
⎥
⎥
⎥
⎤

 

D. Row-gain Matrix Characteristics Constructed Tx and Rx 

The non-uniform row-gain of the G matrix is a potential 

problem for implementation. For the Fourier matrix suitably 

normalized, the row-gain is equal to one (unity) for all rows, 

whereas, for G, it is not necessarily unity. This section 

presents the row-gains distribution of applied matrices at 
transmitter and receiver, respectively, for G-OFDM and its 

variants. The matrices found within the transmitter and 

receiver in each model can be summarized as in Table 1. 

TABLE I 

APPLIED MATRICES IN G-OFDM AND ITS VARIANTS 

Models Tx Rx 

G-OFDM �)�=G1 �=G2 

G-OFDM with applied �� ��)� �� 

G1-OFDM �∗ � 

G1-OFDM with applied �� ��∗ �� 

G2-OFDM ��∗�� ���� 

G2-OFDM with applied ��, ��� 

and ��$ 
���∗��= G3 ����� = G4 

 

For example, to observe the row-gain distribution of G-

OFDM and G2-OFDM with applied �� ��� and ��� models, for 

later convenience, we specify the matrix in the transmitter and 

receiver as G1, G2, G3 and G4. The row-gain matrix 

distribution of G1 and G2 can be seen in Table 2 and 3, 
respectively. Afterward, the row-gain distributions of G3 and 

G4 are investigated in three different conditions, namely for 

�� � �&, �� Y �& and �� X �&. We define the row-gain 

of the ith row G matrix as 

 g� � ∑ W�:,;W:
>

� � h*� *$ . . . . . . *�i, (40) 

 

*� *$ . . . . . . *�  Are not necessarily unity, i.e., non-

uniform. With n-level quantization, the G matrix leads to the 

G approximation matrix, �J , which has { 0 , M1 , M �
j , 

M �
$ , ……, MO , MO �

j , M1 M O , M �
j M O �

j , ...} entries. 

Alternatively, we can say the G approximation matrix is an 

approximate form of the F matrix. By using progressively 
higher n-level quantization, it will more closely approximate 

the Fourier matrix. Thus, various approximations �J�  have 

been developed to minimize the non-uniformity of the row-

gain of the G matrix, which can be obtained by 
 

 �� � k
�,  (41) 

 

Where k � 	� � �
;  � � 2l, n defines the quantization level, 

x is an integer, F is the Fourier matrix, and k defines the 

degree of rounding, the n-quantization level of the Fourier 

matrix. 

TABLE II 

G1 ROW-GAIN DISTRIBUTIONS 

Quantization level, 

nG 
Gains 

Number of occurrences 

of each value 

1 

1.0000 8 
1.1430 8 
1.1950 16 
1.2970 32 

TABLE III 

G2 ROW-GAIN DISTRIBUTIONS 

Quantization level, 

nG 
Gains 

Number of occurrences 

of each value 

1 

1.0000 4 
1.1890 4 
1.2610 8 
1.3740 16 
1.4560 32 

III. RESULTS AND DISCUSSION 

In this work, the simulation was carried to assess the 

performance of the proposed system. The constellation 

diagram and Eb/No vs BER were the performance metrics 

used in this work. The parameter used in the simulation can 
be seen in Table 4. The performance of the proposed system 

was compared to conventional OFDM. 

TABLE IV 

PARAMETERS SIMULATION 

Parameter Value 

FFT size 64 

Modulation QPSK 

Eb/No Range: 0 to 10 dB 

Number of pilot sub-carriers (NSP) 4 

Number of data sub-carriers (NSD) 48 

Total number of sub-carriers (NST) 52 

Useful symbol part (NU) 64 

Number of a cyclic prefix (NCP) 16 

Total sub-carriers on each OFDM 
symbol (NT) 

80 

Useful symbol part duration (TU) 3.2 s 

Cyclic prefix duration (TCP) 0.8 s 

OFDM symbol duration (TS) 4 s 

A. Constellation Diagram 

The constellation diagrams presented in this section 
illustrate the G-OFDM model's behavior and its variants and 

are compared to OFDM constellation diagrams. The diagrams 

depict the received signal constellation. Figure 7 illustrates 

the constellation of OFDM received signals with QPSK 

modulation and Eb/No = 15 dB, 20 dB and 25 dB. 
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(a) (b) (c) 

 
Fig. 7 OFDM received signals (a) Eb/No=15 dB, (b) Eb/No=20 dB, (c) 

Eb/No=25 dB 
 

Figures 8 – 11 show received signals for G-OFDM and G-

OFDM variants with QPSK modulation and Eb/No = 15 dB, 

20dB, and 25 dB. 
 

 
(a) (b) (c) 

Fig. 8  G-OFDM received signals (a) Eb/No=15 dB, (b) Eb/No=20 dB, (c) 

Eb/No=25 dB. 
 

 
(a) (b) (c) 

Fig. 9  G1-OFDM received signals (a) Eb/No=15 dB, (b) Eb/No=20 dB, (c) 

Eb/No=25 dB. 
 

 
(a) (b) (c) 

Fig. 10  G2-OFDM received signals (a) Eb/No=15 dB, (b) Eb/No=20 dB, (c) 

Eb/No=25 dB. 

We see that simulated G-OFDM, G2-OFDM constellation 

diagrams with QPSK modulation in an AWGN channel are in 

perfect accordance with the simulated OFDM QPSK 

modulation constellation diagram. On the other hand, a 

simulated G1-OFDM constellation diagram seems more 
inadequate than a simulated OFDM constellation diagram. 

The system models (G matrix and H matrix in these models) 

introduce noise to the system. It is apparent from the 

constellation that the impairments that induce amplitude 

changes can move a symbol from its ideal location far enough 

to cross the rectangular boundary, resulting in a symbol error. 

These impairments will cause a broader spread of the received 

symbol around the ideal constellation point, making it more 

susceptible to detection error. 

B. BER vs Eb/No Performance under AWGN Channel 

Simulations have been performed to evaluate and compare 

the G-OFDM and OFDM systems' performance over AWGN 

channels. To have a fair comparison, we have normalized the 

transmitted signal of the G-system to 1 watt.  

1) G1-OFDM Model:  Figure 11 presents G-OFDM's BER 

performance, with three different level quantization (n=2,4,8) 

of the extended G-OFDM system, which is then compared to 

the BER performance of OFDM. At a BER of 10-3, there is 

about 0.0001 dB relative processing loss using a quantization 

level n=4. For n=8, the performance is similar to OFDM, i.e., 

BER of 10-3, Eb/No=7.75 dB. At the same BER, the 

performance for n=2 does not differ much from the system 

without quantization level (n=1) that is approximately about 
8.5 dB and 8.45 dB. That means the relative processing loss 

for G-OFDM (n=1) is about 0.75 dB. By using n=2, the 

relative processing loss is about 0.70 dB. Thus, the system 

with n=8 and more gives an identical performance with 

OFDM. 

 
Fig. 11  G-OFDM performance with three different values of quantization 

levels, n=2,4,8. 

2) G1-OFDM Model: In Figure12, the BER vs Eb/No 
performance of G1-OFDM is considered for five different 

values of quantization levels, n=2,4,8,16,32, also compared to 

OFDM. At a BER of 10-2, the relative processing loss for the 

system without quantization level (n=1) is about 2.8 dB. With 

fairly rough quantization levels n=2,4,8,16, the relative 

processing loss is about 2.1 dB, 0.25 dB, 0.15 dB, 0.01 dB, 

respectively. The G1-OFDM begins to be quite similar in 

performance to OFDM when using n=16. With n=32, the 

model is very close in performance to OFDM. 

 
Fig. 12  G1-OFDM performance with three different values of quantization 

levels, n=2,4,8,16,32. 
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3) G2-OFDM Model: The performance of G2-OFDM and 

its extended schemes are investigated in three different 

conditions, which are for nG=nH, nG>nH and nG<nH. Figure 

13 presents the BER vs Eb/No performance of G2-OFDM 

with QPSK modulation for nG=nH, nG>nH and nG<nH. For 

nG>nH, the performance is explored in two circumstances: (a) 

different values of nG and nH: ({nG=4,nH=8}, {nG=8,nH=16} 

and {nG=16,nH=8}). (b) different values of nG: (n=4,8,16) 

and nH is fixed: (nH=2), Also for nG<nH, two states are 

considered which are (a) nG fixed: (nG=2) and nH varies: 

(nG=4,8,16,32), (b) nG and nH vary: ({nG=2,nH=4}, 
{nG=4,nH=8}, {nG=8,nH=16} and {nG=16,nH=32}). 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

 
(e) 

 

 
(f) 

Fig. 13 BER vs. Eb/No for G2-OFDM, in three conditions: (a) nG=nH, (b), 

(c), (d) nG>nH and (e), (f) nG<nH. 

 

The BER vs Eb/No performance of G2-OFDM are 

explained as in the following points: 

1. For nG=nH 
At a BER of 10-2, the relative processing loss for G2-

OFDM (n=1) is about 0.75 dB. The system with n=8 

upward gives an identical performance with OFDM. 

2. For nG>nH 

G2-OFDM gives a performance identical to OFDM by 

using {nG=8,nH=16} and {nG=16,nH=8}. With 

{nG=4,nH=2}, there is still a processing loss of about 
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0.00001 at BER of 10-3 while at a higher BER, i.e. 10-2, the 

system performance is similar to OFDM. This rule is also 

considered when nG is various (n=4,8,16), and nH is 

unchanging (nH=2). Thus, the H matrix at transmitter and 

receiver does not greatly affect the G2-OFDM system 

performance when we adjust nG to be higher than nH. 

3. For nG<nH 

(a) At a BER of 10-3 the relative processing loss for 

{nG=2,nH=4} is about 0.4 dB. Then when we use 

{nG=2, nH=8} the processing loss reduces to about 

0.2 dB. The use of {nG=2,nH=16} gives a gain of 
about 0.35 dB. Using {nG=2,nH=32} the system 

gives identical performance to OFDM. 

(b) With {nG=4,nH=8} the relative processing loss is 

about 0.3 dB. OFDM and G2-OFDM using 

{nG=8,nH=16} have identical performance. 

IV. CONCLUSION 

G-OFDM and its variants have been proposed to reduce the 
complexity of OFDM. The performance of G-OFDM and its 

variants were examined in AWGN channels, including a 

discussion of the processing gain/loss and simulation results. 

There is a small reduction in G-OFDM performance 

compared to OFDM. The non-uniformity of SNR among sub-

carriers mars the G system performance. The matrix 

transformation for both transmitter and receiver experience 

non-uniform row-gain, larger for some G-OFDM variants 

such as G1-OFDM. Using different levels of n-quantization 

makes it possible to trade system implementation complexity 

against small reductions of system performance. G-OFDM 

with n-level quantization adds modest complexity but push 

performance increasingly close to that of OFDM � → ∞ . 

Identical performance with OFDM is given by the following 

minimum conditions for G-OFDM and its variants: 1). G-

OFDM: nG=8; 2). G1-OFDM: nG=32; 3). G2-OFDM: a) 

nG=nH: {nG=nH=8}, b) nG>nH: {nG=8, nH=2}, c) nG<nH: 

{nG=2,nH=32} and {nG=8,nH=16}; 4).  
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