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Abstract:  In existing system like TDMA, FDMA 

and CDMA, there are some drawbacks due to 

availability of single carrier.So, further we moved to 

recent LTE (long term evolution) technique Filter 

bank Multi-carrier. Circular filter bank multicarrier 

communication (CFBMC) is an emerging 

multicarrier communication technique which 

combines the classical FBMC/OQAM with circular 

convolution. It has a block based structure and 

achieves orthogonality among subcarriers. In this 

technique we not used cyclic prefix. Without using 

cyclic prefix, data rate can be improved to some 

extent. This paper applies Walsh-Hadamard 

precoding scheme to C-FBMC to exploit the 

frequency diversity in a multipath channel. The 

theoretical approximation for the bit error rate (BER) 

of the resultant scheme, abbreviated WHTC-FBMC, 

is derived. Its BER performance is also compared to 

the performance of precoded GFDM. Results show 

that the theoretical results match well with simulation 

results and WHTC-FBMC is superior to WHT-

GFDM. 

Keywords: CFBMC, EBMC, BER, WHTC-FBMC, 

WHT-GFDM. 

I. INTRODUCTION 

The fifth generation (5G) of cellular 

networks is coming [1]. One of the main 

requirements of 5G networks is to increase the data 

rate about 1000 times the current data rate of 4G 

networks [2]. To support such a huge rate increase, 

intensive research on the physical layer – the 

waveform design has been carried out. Orthogonal 

frequency division multiplexing (OFDM), which is 

the dominant technology for 4G networks, can still be 

a good candidate for 5G networks since it has good 

qualities such as efficient implementation, single tap 

equalization for each subcarrier, and being easy to 

pair with MIMO. However, the high peak-to-

average-power ratio (PAPR) and spectral 

sidelobes of OFDM signals need to be addressed. 

Generalized frequency division multiplexing 

(GFDM) is proposed for the air interface of 5G 

networks in [3]. In GFDM, the information symbols 

are organized in an array of subcarriers and 

subsymbols. The complex symbols on each 

subcarrier are filtered with a filter that is circularly 

shifted in time and frequency of a prototype filter. 

Filtering helps to improve the spectrum localization 

of GFDM signals, however, it makes subcarrier 

signals no longer orthogonal, hence resulting in both 

inter-symbol interference (ISI) and inter-carrier 

interference (ICI). Nevertheless, efficient detection 

techniques can eliminate this interference. In 

particular, for an additive white Gaussian noise 

(AWGN) channel, a receiver based on the matched 

filter and iterative interference cancellation [5] 

can achieve almost the same symbol error rate of an 

OFDM system. In a frequency selective channel 

(FSC), [5] proposes a combination of GFDM with the 

Walsh-Hadamard transform (WHT) to achieve 

frequency diversity and improve the system 

performance. Filter-bank multicarrier (FBMC) 

modulation is another candidate for 5G networks [6]. 

The key feature of this technique is to 

separate the complex data symbols into real and 

imaginary parts, and introduce a π/2 offset over 

consecutive real symbols on adjacent subcarriers and 

time slots. By this way, the orthogonality of 

subcarriers can be maintained in the real field with 
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pulse shapes being different from the rectangular 

window. Recently, [7] and [8] propose the use of 

cyclic prefix (CP) in FBMC to ease the equalization 

task at the receiver when operating over a FSC. In a 

CP-FBMC system, if the CP is directly inserted to the 

front of the transmitted signal, the overhead can be 

significantly high due to the linear convolution 

between input data symbols and the prototype filter 

in each data block. This is because by using a 

transmit filter different from the rectangular window, 

the linear convolution requires that the length of CP 

accommodates the length of multipath channel plus 

the length of transmit filter to achieve free interblock 

interference (IBI) [9].  

To achieve free IBI without increasing the 

length of CP, reference [8] replaces linear 

convolution used in FBMC with a circular 

convolution, creating a new scheme called circular 

FBMC (C-FBMC). Since C-FBMC is analogous to 

GFDM, several research works provide comparisons 

of the two techniques. Reference [10] compares C-

FBMC with GFDM in terms of the bit error 

rate and implementation complexity over an AWGN 

channel. The authors conclude that GFDM and C-

FBMC perform more or less the same for small 

constellation sizes and when the number of symbols 

per packet is odd. As the constellation size increases, 

C-FBMC performs significantly better than 

GFDM. The authors in [8] provide extensive 

comparisons of C-FBMC and other candidate 

waveforms for 5G. The paper also proposes efficient 

implementations for the transceivers. However, to the 

best of the authors’ knowledge there is 

no study on precoding techniques for C-FBMC to 

harvest frequency diversity in FSCs. 

This paper applies WHT to C-FBMC to improve its 

bit error rate (BER) performance over FSCs. In a 

FSC, the performance of C-FBMC might be severely 

affected by a few bad subcarriers, which experience 

deep fade. To address this issue, an unitary precoder 

is widely used so that the information symbols are 

distributed on all subcarriers and the information can 

still be recovered even when the channel 

severely attenuates a subset of subcarriers. Among 

many types of precoder, the WHT precoder is 

adopted in this paper since it has equal-magnitude 

elements and can be implemented with only additions 

[9]. The theoretical approximation for the BER of the 

resultant scheme, WHT-C-FBMC, is derived. Its 

BER performance is also compared to the 

performance of precoded GFDM. The rest of the 

paper is organized as follows. In Section  II, the 

system model for WHT-C-FBMC is introduced. 

Performance analysis is presented in Section III. 

Section IV compares performance of the proposed 

scheme with that of WHT-GFDM scheme. Section V 

concludes the paper. 

• Filter Bank Multicarrier (FBMC) 

 

  Filter Bank Multicarrier (FBMC) systems are a 

subclass of multicarrier (MC) systems. While its 

basic principle, dividing frequency spectrum into 

many narrow subchannels, may not be new, MC 

systems have seen wide adoption in recent years 

(LTE, WLAN). Cyclic Prefix based Orthogonal 

Frequency Division Multiplexing (CP-OFDM) is 

certainly the most researched and popular type of 

MC. Channel estimation and equalization become 

trivial tasks thanks to the high-performance digital 

signal processors (DSPs) available on the market. 

With the insertion of some redundancy (Cyclic 

Prefix, or CP), the frequency selective propagation 

channel becomes a frequency flat subchannel. The 

disadvantage of CP-OFDM when compared to other 

MC modulation schemes is a loss in spectral 

efficiency due to CP insertion, higher out-of-band 

radiating (since the subcarriers have sync-like 

frequency behavior), and a higher sensitivity to 

narrowband interferers. FBMC methods have their 

roots in the pioneering works of Chang 

   

 
Fig.1 Filter Bank Multi-carrier System 
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• Walsh-Hadamard Precoding 

The signal precoding is also a linear method which 

changes the data subcarriers to obtain several 

representations of the original signal, with decreased 

PAPR level. The difference is that compared with 

previous methods, where the carriers are individually 

changed, in this case the new values of each data 

subcarrier depend by more values from the original 

signal. Some of the well known precoding techniques 

are Direct Cosine Transform and Walsh Hadamard 

Transform. 

The generated random samples exhibit a uniform 

distribution. These samples are mapped from binary 

representation to the M-QAM or M-PSK 

constellation points. The obtained complex values are 

grouped in blocks of N elements each, forming the 

OFDM symbols. The obtained OFDM frames are 

applied sequentially to the Walsh Hadamard 

precoding block and signal compression block. 

 

 

 

• Circular FBMC 

Orthogonal frequency division multiplexing with 

index modulation (OFDM-IM), which uses the 

subcarrier indices as a source of information, has 

attracted considerable interest recently. Motivated by 

the index modulation (IM) concept, we build a 

circular convolution filter bank multicarrier with 

index modulation (C-FBMC-IM) system in this 

paper. The advantages of the C-FBMC-IM system 

are investigated by comparing the interference power 

with the conventional C-FBMC system. As some 

subcarriers carry nothing but zeros, the minimum 

mean square error (MMSE) equalization bias power 

will be smaller comparing to the conventional C-

FBMC system. As a result, our C-FBMC-IM system 

outperforms the conventional C-FBMC system. [4] 

discussed about Improved Particle Swarm 

Optimization. The fuzzy filter based on particle 

swarm optimization is used to remove the high 

density image impulse noise, which occur during the 

transmission, data acquisition and processing. The 

proposed system has a fuzzy filter which has the 

parallel fuzzy inference mechanism, fuzzy mean 

process, and a fuzzy composition process. In 

particular, by using no-reference Q metric, the 

particle swarm optimization learning is sufficient to 

optimize the parameter necessitated by the particle 

swarm optimization based fuzzy filter, therefore the 

proposed fuzzy filter can cope with particle situation 

where the assumption of existence of “ground-truth” 

reference does not hold. The merging of the particle 

swarm optimization with the fuzzy filter helps to 

build an auto tuning mechanism for the fuzzy filter 

without any prior knowledge regarding the noise and 

the true image. Thus the reference measures are not 

need for removing the noise and in restoring the 

image. The final output image (Restored image) 

confirm that the fuzzy filter based on particle swarm 

optimization attain the excellent quality of restored 

images in term of peak signal-to-noise ratio, mean 

absolute error and mean square error even when the 

noise rate is above 0.5 and without having any 

reference measures. 

 

 

II. SYSTEM MODEL 

In the proposed WHT-C-FBMC system, the 

information symbols are processed in blocks, each 

involving K subcarriers and M time slots. Let  

Sk,m = s
R

K,m + js
I
K,m be the complex 

QAM data symbol associated with the kth subcarrier 

and mth time slot. To enable offset QAM (OQAM) 

modulation, the real and imaginary parts of a 

complex QAM symbol are separated and arranged in 

a K × 2M matrix as follows: 

 

The block diagram of the WHT-C-FBMC 

transmitter is illustrated in Fig. 1, where the K data 
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streams inputs are the K rows of matrix A. This 

structure is basically the polyphase structure 

presented in [8], except that a WHT precoder is 

applied to the input. The WHT is applied for each 

column of A as 

 
where am is the mth column of A, WK is a K × K 

WalshHadamard matrix and a ˜m is the mth precoded 

column vector. 

 

In an OQAM system, the phase offsets are introduced 

to the real and imaginary components of QAM 

symbols on different subcarriers as follows: 

 

where Jm = diag([jm, jm+1, . . . , jm+K−1]). Then, 

the WHT-C-FBMC transmitted signal is then given 

as  

 

where n = 0, 1, . . . , KM − 1, a ˜k,m is the kth 

element of a ˜m, g[n] is the impulse response of a 

prototype filter, which has KM coefficients, and 

g[(n− z)w] denotes cyclically shifting 

g[n] by z positions with period w. 

 

The polyphase structure [8] for the implementation of 

(5) as shown in Fig. 1 is the most efficient method 

and can be described clearly in matrix form. Let x = 

[x[0], x[1], . . . , x[KM − 1]]⊤, and g = [g[0], g[1], . . 

. , g[KM − 1]]⊤ be the transmitted vector and vector 

of filter coefficients, respectively. Then the matrix 

form representation of (5) is 

 

where FK is the K-point FFT matrix, R = [IK, . . . , 

IK]⊤, Gm = diag(Φmg) = diag([g0,m, g1,m, . . . , 

gKM−1,m]), and Φm is a KM × KM circulant matrix 

whose first column has only one non zero value, 

which is the (mK/2)th element with value 1. In this 

structure, bm is first transformed into the time 

domain by multiplying it with an inverse FFT matrix, 

FH K. Upsampling is performed by repeating the K × 

1 transformed vector M times with the KM × K 

matrix R. The resulted vector is pulse-shaped by 

point-wise multiplication with the circularly shifted 

version of the prototype filter, which is Φmg. Then 

the transmitted signal is obtained by summing all 

pulseshaped subsymbol vectors. Substituting (2) and 

(4) into (6), the transmitted signal of WHT-C-FBMC 

can be expressed as 

 

In a multipath channel, C-FBMC uses a cyclic prefix 

(CP) of length L to achieve free inter-block 

interference (IBI). Let h = [h[0], h[1], ·  ·  ·  , h[V − 

1]]⊤ (V ≪ KM) be the vector of an V -taps channel 

impulse response. As long as V − 1 ≤ L, free IBI is 

guaranteed at the receiver. In that case, the received 

signal after removing CP can be written as 

                               
where H is a KM ×KM circulant matrix whose first 

column is h appended with KM − V zeros, and n is a 

vector of additive while Gaussian noise (AWGN) 

samples. An approach to demodulate data is 

described in Fig. 1 [8]. First, an equalizer S is applied 

to the received signal y to remove the effect of 

multipath interference. Then, the 

equalized vector is processed in dual to (7). The 

equalized output that can be used to detect the data 

symbol for the mth time slot is given by 

 
In an ideal channel where y = x, the equalized signal 

is 
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Since the elements of am and WK are real, (10) is 

rewritten as 

 
Because WH KWK = I, perfect reconstruction is 

achieved, i.e.,aˆm = am if the following condition is 

satisfied: 

 
where 0 is the K × K zero matrix. To guarantee 

perfect reconstruction, in FBMC, the combined 

response of the transmit filter and received filter must 

be a Nyquist pulse [11]. A standard square-root raise 

cosine (SRRC) filter fulfills such a condition and is 

widely employed for FBMC. More recently, [12] 

proves that a pulse satisfying the orthogonality 

condition for FBMC also satisfies the orthogonality 

condition for CFBMC. This paper simply employs a 

SRRC filter of length KM where the coefficients are 

real and symmetric such that g[n] = g[KM − n]. 

III. PERFORMANCE ANALYSIS OF 

WHT-C-FBMC 

Consider the zero-forcing equalizer, i.e., S = H−1. 

Then (9) becomes 

 

As long as (12) is fulfilled with a well designed 

prototype filter, (13) is rewritten as   

 

where the filtered noise vector nˆm is 

 

Fig. 2: Equivalent complex baseband WHT-C-FBMC system. 

 
And 
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Since n is a circularly symmetric Gaussian random 

vector which with correlation matrix N0I, the 

correlation of n ˆm is 

 

 

The term R{QmQ
H

m} is a diagonal matrix whose 

diagonal elements are 

 

Where 

 

and Hk is the kth component of the channel 

frequency response of h, i.e., Hk = PKM n=0−1 

hne−j2πkn/(KM−1). The proof of (18) is provided in 

the Appendix. It then follows that the diagonal 

elements of the correlation matrix in (17) are 

 

The Walsh-Hadamard matrix has the property that 

|wk,l| = 1√K for all k, l. Therefore, the noise 

correlation matrix has identical diagonal elements, 

which are 

 

 
The BER of a WHT-C-FBMC system can be 

obtained based on the signal-to-noise ratio (SNR) 

associated with the equivalent input/output 

expression in (14). Let Es = E |sk,m|2 

be the average transmitted energy of the QAM 

symbols. Furthermore, assume that the real and 

imaginary components of the QAM signal have equal 

energy, i.e., E |ak,m|2 = Es/2. Then the SNR 

corresponding to the detection of ak,m is 

 

where γs = Es/N0. Equation (22) implies that βk,m 

does notdepend on k since the operation of Wash-

Hadamard matrix averages the SNR over all 

subcarriers. Then, one can write 

 

 
 

The BER with 2µ-QAM constellation with Gray 

coding is well approximated as 

 

where γb = N Eb 0 and Eb = Es/µ is the energy per 

bit. It is pointed out that α solely depends on the 

coefficients of the prototype filter, and the channel 

coefficients. 

IV. SIMULATION RESULTS 

Fig. 2 and Fig. 3 present the BER performance of 

GFDM/WHT-GFDM and C-FBMC/WHT-C-FBMC 

under two different FSCs, each for two constellations 

of 4-QAM and 64- QAM. The delay profiles of the 

two channels are provided in Table II. GFDM and 

CFBMC signals are transmitted block by block, 

where one block has KM symbols. In the simulation, 

the duration of a time slot (subsymbol) is T = 256 µs. 

A block of KM symbols is transmitted over the 

duration of MT seconds, leading to the sampling 

period (duration of one symbol) of Ts = MT/KM = 

T/K = 4 µs. An L-paths channel can be modelled by a 

V -tap discrete filter as  
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TABLE I: Simulation parameters. 

 

TABLE II: Delay profile used in simulation 

 

where τl, and |ql|ejφl is the delay, and complex gain 

of the lth path, respectively. In the simulation, |ql| is 

computed based on the specified dB gain of each 

path, and φl is generated randomly in the range [0, 

2π]. The value of V is chosen such that |h[v]| is small 

when v is greater than V . 

Fig. 2 shows that WHT-C-FBMC performs 

2.5 dB better than WHT-GFDM at the BER level of 

10−4 even with a large constellation such as 64-

QAM. Since WHT-GFDM is based on GFDM, which 

is a non-orthogonal system, the interference between 

subsymbols and subcarriers is intensified in a FSC. 

That makes the BER performances of WHT-GFDM 

worse than that of WHT-C-FBMC, which is an 

orthogonal system. WHTGFDM and WHT-C-FBMC 

offer even a larger performance gain under Channel 

B. Specifically, WHT-GFDM is 5 dB better than the 

non-precoding scheme, while WHT-C-FBMC 

achieves 7.5 dB SNR gain at BER = 10−4.  

Fig. 4 shows that (25) can be used to 

accurately estimate the BER of WHT-C-FBMC over 

a FSC. In both channels, with 4- QAM modulation, 

the theoretical result matches perfectly with that of 

the simulation result for any SNR value. With 64-

QAM modulation, the theoretical approximation is 

very accurate at SNR larger than 7.5 dB. 

V. CONCLUSION 

Compared with existing system I got better 

results for proposed work which is shown by 

execution results of proposed using MATLAB 

software. FBMC is avoiding the use of cyclic prefix 

so, again there is gain in bandwidth efficiency. The 

results obtained by MATLAB execution will show 

that there is great reduction in cost functions such as 

BER.To enhance the BER performance of C-FBMC 

in a FSC, this paper studies a precoded version of C-

FBMC, called WHTC-FBMC, which uses the unitary 

Walsh-Hadamard precoding matrix. WHT-C-FBMC 

exploits the frequency diversity by the 

averaging the SNR output over all subcarriers. A 

theoretical approximation for the BER of WHT-C-

With the help of proposed work there is better 

improvement in results. FBMC has also been 

provided, which depends on the filter coefficients and 

channel gains. Results show that WHT-C-FBMC 

performs significantly better than WHT-GFDM in 

FSCs.  

VI. APPENDIX 

 From (16), R QmQH m is given as 
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Fig. 3: WHT-C-FBMC and WHT-GFDM BER performance in FSC Channel A. 

 

Fig. 4: WHT-C-FBMC and WHT-GFDM BER performance in FSC Channel B. 

Recall that H is a KM × KM circulant matrix. Thus, 

one has H−1 (H−1 ) H = 1 KM FH KM ΛFKM, 

where Λ = diag(|H0| −2 , |H1| −2 , . . . , |HKM−1| −2 

). Rewrite (27) as 

 

Where 

 

The (k, n) elements of Tm are 

 

Where 
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Thus, the elements of R{ QmQm
H
} are 

 

For k = k ′ , it is easy to see that using (30) and (31) 

leads to the expression of [R{QmQ m
H
}] k,k in (18). 

For k!= k ′ , one has 

 

 

Fig. 5: Simulation versus theoretical results of WHT-CFBMC system.

 

From (12), and (31) it can be verified that

In addition, from 

(31) and the fact that gKM−i,m = gi,m for i < KM/2 , one 

has 

 

Using (31), and (34), one can verify that 

 

Thus, (33) can be rewritten as 
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