
 
 

Vol 08 Issue01, Jan 2019                          ISSN 2456 – 5083                                        www.ijiemr.org 

  

COPY RIGHT  

 

2019IJIEMR.Personal use of this material is permitted. Permission from IJIEMR must 

be obtained for all other uses, in any current or future media, including 

reprinting/republishing this material for advertising or promotional purposes, creating new 

collective works, for resale or redistribution to servers or lists, or reuse of any copyrighted 

component of this work in other works. No Reprint should be done to this paper, all copy 

right is authenticated to Paper Authors   

IJIEMR Transactions, online available on 29th
 
Jan 2019. Link : 

http://www.ijiemr.org/main/index.php?vol=Volume-08&issue=ISSUE-01 

Title: WALSH-HADAMARD PRECODED CIRCULAR FILTER BANK MULTICARRIER 

COMMUNICATIONS 

Volume 08, Issue 01, Pages: 253–261. 

Paper Authors  

UADAYAGIRI SRAVANI, MRS.YARRAM UMA MAHESWARI, 

SANNIKANTI KISHORE BABU  

 

 

 

                                         

                                                                                                USE THIS BARCODE TO ACCESS YOUR ONLINE PAPER  

To Secure Your Paper As Per UGC Guidelines We Are Providing A Electronic 

Bar Code 



 

Vol 08 Issue01, Jan 2019                                  ISSN 2456 – 5083 Page 253 

 

 

WALSH-HADAMARD PRECODED CIRCULAR FILTER BANK 

MULTICARRIER COMMUNICATIONS 
1
UADAYAGIRI SRAVANI,

 2
MRS.YARRAM UMA MAHESWARI, 

3
SANNIKANTI KISHORE 

BABU 
1
Student, Dept of ECE, VIKAS GROUP OF INSTITUTIONS 

2
Associate Professor Dept. of ECE, VIKAS GROUP OF INSTITUTIONS 

3
Associate Professor &amp; HOD Dept. of ECE, VIKAS GROUP OF INSTITUTIONS 

1
udayagirisravani@gmail.com, 

2
Umaecestaff@gmail.com, 

3
kish.fr@gmail.com 

 

 
ABSTRACT 

 In existing framework like TDMA, FDMA and CDMA, there are a few disadvantages because of 

accessibility of single transporter. In this way, further we moved to ongoing LTE (long haul 

development) system Filter bank Multi-bearer. Circular filter bank multicarrier communication 

(CFBMC) is a rising multicarrier correspondence procedure which consolidates the established 

FBMC/OQAM with roundabout convolution. It has a square based structure and accomplishes 

symmetrically among subcarriers. In this procedure we not utilized cyclic prefix. Without 

utilizing cyclic prefix, information rate can be enhanced to some degree. This paper applies 

Walsh-Hadamard going before plan to C-FBMC to abuse the recurrence assorted variety in a 

multipath channel. The hypothetical estimate for the bit error rate (BER) of the resultant plan, 

abridged WHTC-FBMC, is inferred. Its BER execution is additionally contrasted with the 

execution of went before GFDM. Results demonstrate that the hypothetical outcomes coordinate 

well with recreation results and WHTC-FBMC is better than WHTGFDM. 

 

I. INTRODUCTION 

The fifth era (5G) of  cellular networks is 

coming [1]. One of the fundamental 

prerequisites of 5G systems is to expand the 

data rate around multiple times the present 

information rate of 4G systems [2]. To help 

such a tremendous rate increment, 

concentrated research on the physical layer – 

the waveform configuration has been 

completed. Orthogonal frequency division 

multiplexing (OFDM), which is the 

prevailing innovation for 4G systems, can at 

present be a decent contender for 5G  

 

systems since it has great characteristics, for 

example, proficient execution, single tap 

leveling for each subcarrier, and being 

anything but difficult to match with MIMO.  

Be that as it may, the peak-to-average-power 

ratio (PAPR) and spectral sidelobes of 

OFDM signals should be tended to. 

Summed up recurrence division 

multiplexing (GFDM) is proposed for the air 

interface of 5G arranges in [3]. In GFDM, 

the data images are sorted out in a variety of 

subcarriers and subsymbols. The intricate 
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images on each subcarrier are sifted with a 

channel that is circularly moved in time and 

recurrence of a model channel. Sifting 

enhances the range limitation of GFDM 

signals. Be that as it may, it makes 

subcarrier flags no longer symmetrical, thus 

bringing about both between inter-symbol 

interference (ISI) and inter-carrier 

interference (ICI). Nevertheless, productive 

identification procedures can dispose of this 

impedance. Specifically, for an additive 

white Gaussian noise (AWGN) channel, a 

beneficiary dependent on the coordinated 

channel and iterative impedance dropping 

[4] can accomplish nearly a similar image 

mistake rate of an OFDM framework. In a 

frequency selective channel (FSC), [5] 

proposes a blend of GFDM with the Walsh-

Hadamard transform (WHT) to accomplish 

recurrence assorted variety and enhance the 

framework execution. 

 Filter-bank multi carrier (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 _/2 offset over consecutive real 

symbols on adjacent sub carriers and time 

slots. By this way, the orthogonally of sub 

carriers can be maintained in the real field 

with 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 
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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. 

 (FBMC) tweak is another contender for 5G 

systems [6]. The key component of this 

strategy is to isolate the mind boggling 

information images into genuine and 

fanciful parts, and present a _/2 

counterbalance over back to back genuine 

images on nearby subcarriers and schedule 

vacancies. By along these lines, the 

symmetry of subcarriers can be kept up in 

the genuine field with heartbeat shapes 

being not quite the same as the rectangular 

window. As of late, [7] and [8] propose the 

utilization of cyclic prefix (CP) in FBMC to 

facilitate the evening out errand at the 

collector while working over a FSC. In a 

CP-FBMC framework, if the CP is 

straightforwardly embedded to the front of 

the transmitted flag, the overhead can be 

fundamentally high because of the direct 

convolution between information images 

and the model channel in every datum 

square. This is on the grounds that by 

utilizing a transmit channel not the same as 

the rectangular window, the direct 

convolution necessitates that the length of 

CP suits the length of multipath channel in 

addition to the length of transmit channel to 

accomplish free interblock impedance (IBI) 

[9]. To accomplish free IBI without 

expanding the length of CP, reference [8] 

replaces straight convolution utilized in 

FBMC with a round convolution, making 

another plan called roundabout FBMC (C-

FBMC). Since C-FBMC is practically 

equivalent to GFDM, a few research works 

give correlations of the two methods. 

Reference [10] contrasts C-FBMC and 

GFDM as far as the bit mistake rate and 

execution intricacy over an AWGN channel. 

The creators infer that GFDM and C-FBMC 

perform pretty much the equivalent for little 

group of stars sizes and when the quantity of 

images per parcel is odd. As the group of 

stars estimate expands, C-FBMC performs 

fundamentally superior to GFDM. The 

creators in [8] give broad examinations of 

C-FBMC and other competitor waveforms 

for 5G. The paper additionally proposes 

effective usage for the handsets.  

Be that as it may, to the best of the creators' 

learning there is no investigation on 

precoding systems for C-FBMC to collect 

recurrence decent variety in FSCs. This 

paper applies WHT to C-FBMC to enhance 

its bit mistake rate (BER) execution over 

FSCs. In a FSC, the execution of C-FBMC 

may be extremely influenced by a couple of 

awful subcarriers, which encounter profound 

blur. To address this issue, a unitary 

precoder is broadly utilized so the data 

images are appropriated on all subcarriers 

and the data can at present be recuperated 

notwithstanding when the channel extremely 

weakens a subset of subcarriers. Among 

numerous sorts of precoder, the WHT 

precoder is received in this paper since it has 

parallel size components and can be 

executed with just augmentations [9]. The 

hypothetical estimate for the BER of the 
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resultant plan, WHT-C-FBMC, is inferred. 

Its BER execution is likewise contrasted 

with the execution of precoded GFDM. 

2. LITERATURE REVIEW 

F. Boccardi, R. W. Heath, A. Lozano, T. L. 

Marzetta, and P. Popovski, are proposed 

new research directions will lead to 

fundamental changes in the design of future 

fifth generation (5G) cellular networks. This 

article describes five technologies that could 

lead to both architectural and component 

disruptive design changes: device-centric 

architectures, millimeter wave, massive 

MIMO, smarter devices, and native support 

for machine-to-machine communications. 

The key ideas for each technology are 

described, along with their potential impact 

on 5G and the research challenges that 

remain. 

N. Michailow, M. Matthe, I. S. Gaspar, A. 

N. Caldevilla, L. L. 

Mendes, A. Festag, and G. Fettweis, 

Cellular systems of the fourth generation 

(4G) have been optimized to provide high 

data rates and reliable coverage to mobile 

users. Cellular systems of the next 

generation will face more diverse 

application requirements: the demand for 

higher data rates exceeds 4G capabilities; 

battery-driven communication sensors need 

ultra-low power consumption; and control 

applications require very short response 

times. We envision a unified physical layer 

waveform, referred to as generalized 

frequency division multiplexing (GFDM), to 

address these requirements. In this paper, we 

analyze the main characteristics of the 

proposed waveform and highlight relevant 

features. After introducing the principles of 

GFDM, this paper contributes to the 

following areas: 1) the means for 

engineering the waveform's spectral 

properties; 2) analytical analysis of symbol 

error performance over different channel 

models; 3) concepts for MIMO-GFDM to 

achieve diversity; 4) preamble-based 

synchronization that preserves the excellent 

spectral properties of the waveform; 5) bit 

error rate performance for channel coded 

GFDM transmission using iterative 

receivers; 6) relevant application scenarios 

and suitable GFDM parameterizations; and 

7) GFDM proof-of-concept and 

implementation aspects of the prototype 

using hardware platforms available today. In 

summary, the flexible nature of GFDM 

makes this waveform a suitable candidate 

for future 5G networks. 

R. Datta, N. Michailow, M. Lentmaier, and 

G. Fettweis, Generalized frequency division 

multiplexing (GFDM) is a new digital 

multicarrier concept. The GFDM 

modulation technique is extremely attractive 

for applications in a fragmented spectrum, 

as it provides the flexibility to choose a 

pulse shape and thus allows reduction of the 

out-of-band leakage of opportunistic 

cognitive radio signals into incumbent 

frequency space. However, this degree of 

freedom is obtained at the cost of loss of 

subcarrier orthogonally, which leads to self-

inter-carrier-interference. This paper will 

explain how self-interference can be reduced 

by a basic and a double-sided serial 

interference cancellation technique and 

show that these interference cancellation 

techniques improve the GFDM bit error rate 

to match the theoretical performance of the 

well studied orthogonal frequency division 

multiplexing (OFDM). 
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N. Michailow, L. Mendes, M. Matth´e, I. 

Gaspar, A. Festag, and 

G. Fettweis, This paper presents the 

combination of generalized frequency 

division multiplexing (GFDM) with the 

Walsh-Hadamard transform (WHT) to 

achieve a scheme that is robust against 

frequency-selective channels (FSC). The 

proposed scheme is suitable for low-latency 

scenarios foreseen for 5G networks, 

specially for Tactile Internet. The paper also 

presents analytical approximations that can 

be used to estimate the bit error rate of 

GFDM and WHT-GFDM over frequency-

selective channels in single shot 

transmission. Simulation results for encoded 

GFDM are included for further comparison. 

B. Farhang-BoroujenyAs of today, 

orthogonal frequency division multiplexing 

(OFDM) has been the dominant technology 

for broadband multicarrier communications. 

However, in certain applications such as 

cognitive radios and uplink of multiuser 

multicarrier systems, where a subset of 

subcarriers is allocated to each user, OFDM 

may be an undesirable solution. In this 

article, we address the shortcomings of 

OFDM in these and other applications and 

show that filter bank multicarrier (FBMC) 

could be a more effective solution. Although 

FBMC methods have been studied by a 

number of researchers, and some even 

before the invention of OFDM, only 

recently has FBMC been seriously 

considered by a few standard committees. 

3. SYSTEM MODEL  

In the proposed WHT-C-FBMC 

framework, the data images are prepared in 

hinders, each including K subcarriers and M 

vacancies. Let Sk,m = sR K,m + jsI K,m be 

the complex QAM information image related 

with the kth subcarrier and mth availability. 

To empower balance QAM (OQAM) 

balance, the genuine and fanciful parts of a 

complex QAM image are isolated and 

orchestrated in a K × 2M lattice as pursues: 

 
The block diagram of the WHT-C-FBMC 

transmitter is illustrated in Fig. 1, where the 

K data 

Streams inputs are the K rows of matrix 

A. This structure is basically the polyphase 

structure presented in [8], except that a WHT 

precede is applied to the input. The WHT is 

applied for each column of A as 

 
Where the mth column of A, WK is a K × 

K WalshHadamard matrix and a ˜m is the 
mth preceded 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 
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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 circulate 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. Up inspecting is 

performed by rehashing the K × 1 changed 

vector M times with the KM × K grid R. The 

came about vector is beat molded by point-

wise increase with the circularly moved form 

of the model channel, which is Φmg. At that 
point the transmitted flag is acquired 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 circulate 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 information is 

depicted in Fig. 1 [8]. Initial, an equalizer S 

is connected to the got flag y to evacuate the 

impact of multipath obstruction. At that 

point, the evened out vector is handled in 

double to (7). The balanced yield that can be 

utilized to distinguish the information image 

for the mth schedule vacancy is given by 

 
In an ideal channel where y = x, the 

equalized signal is 

 
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: 
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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 NY Quist pulse 

[11]. A standard square-root raise cosine 

(SRRC) filter fulfills such a condition and is 

widely utilized for FBMC. All the more as of 

late, [12] demonstrates that a heartbeat 

fulfilling the symmetrically condition for 

FBMC likewise fulfills the symmetrically 

condition for CFBMC. This paper basically 

utilizes a SRRC channel of length KM where 

the coefficients are genuine and symmetric 

with the end goal that g[n] = g[KM − n]. 
4 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. 2.1: Equivalent complex baseband 

WHT-C-FBMC system. 

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) related with the proportional 

information/yield articulation in (14). Let Es 

= E |sk,m|2 be the normal transmitted vitality 

of the QAM images. Besides, accept that the 

genuine and nonexistent parts of the QAM 

flag have break even with vitality, i.e., E 

|ak,m|2 = Es/2. At that point the SNR 

comparing to the location of AK, m is 
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Whereγs = Es/N0. Equation (22) implies 

that βk,m does notdepend on k since the 
operation of WashHadamard matrix averages 

the SNR over all subcarriers. Then, one can 

write 

 

 
The BER with 2µ-QAM constellation with Gray coding 

is well approximated as 

 
Whereγb = 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. 

5. SIMULATION RESULTS 

Fig. 5.1 shows that 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. 

 

 

 

 

 

 
CONCLUSION  

Contrasted and existing framework I 

improved outcomes for proposed work which 

is appeared by execution aftereffects of 

proposed utilizing MATLAB programming. 

FBMC is dodging the utilization of cyclic 

prefix thus, again there is gain in data 

transmission productivity. The outcomes 

gotten by MATLAB execution will 

demonstrate that there is incredible decrease 
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in cost capacities, for example, BER.To 

improve the BER execution of C-FBMC in a 

FSC, this paper examines went before 

rendition of CFBMC, called WHTC-FBMC, 

which utilizes the unitary Walsh-Hadamard 

precoding lattice. WHT-C-FBMC misuses 

the recurrence assorted variety by the 

averaging the SNR yield over all subcarriers. 

A hypothetical guess for the BER of WHT-

CWith the assistance of proposed work there 

is better enhancement in results. FBMC has 

additionally been given, which relies upon 

the channel coefficients and channel gains. 

Results demonstrate that WHT-C-FBMC 

performs essentially superior to WHT-

GFDM in FSCs. 
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