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ABSTRACT 

This paper proposes of implementing a diminished (or pruned) DFT (d-DFT) precoded Filter bank multicarrier 

(FBMC). We develop an efficient precoding method using d-DFT by combining with one-tap scaling. This technique has 

advantages of both FBMC-Offset Quadrature amplitude modulation (OQAM) and Single carrier Frequency division 

multiple accesses (SC-FDMA).Proposed technique has same PAPR as SC-FDMA and has very low out-of-band emissions 

and does not need cyclic-prefix. This method reduces latency and complex orthogonality is restored at a considerable 

computational complexity. A comparative performance is also evaluated between d-DFT-FBMC and other multicarrier 

schemes and we observe that d-DFT is better than other schemes. Simulation is performed by using Matlab. 
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1. INTRODUCTION 
FBMC-OQAM is an efficient modulation scheme 

for future generation wireless communications due to its low 

OOB (Out-of-Band) emission than OFDM [1].This system 

also has high performance in asynchronous transmissions 

where it implements efficient time-frequency allotment for 

different users [2].Cyclic prefix is not needed for FBMC 

and thereby increases throughput. Balian-Low theorem[3] 

is fulfilled for orthogonality by considering less strict real 

orthogonal condition instead of complex. This results in 

cause of intrinsic interference on imaginary part and 

therefore challenges the implementation of channel 

estimation[4]and Multiple-Input and Multiple-

Output(MIMO) [5], [6]. 

These challenges are dealt with several methods 

proposed in [2],[7],[8].As per [2],spreading of symbols in 

frequency or time domain can restore complex 

orthogonality in FBMC, thereby all detection methods of 

OFDM can be directly employed for an approximately flat 

channel within spreading length. The spreading can be 

implemented in time, based on DFT [6].For a flat channel 

[9],[10], Walsh Hadamard spreading is better than DFT 

spreading [5],[11].Walsh Hadamard spreading has a low 

computational complexity and also restores complex 

orthogonality in every block. Nonetheless reducing PAPR 

by shaping the transmitter signal in time can be achieved 

by DFT spreading. In FBMC, non-linearities resulting 

from power amplifier and Digital-to-Analog converter 

destroy spectral confinement [2],[12]. Thus FBMC has to 

be used in linear region but in multi-carrier systems poor 

PAPR makes it difficult. Several techniques to reduce 

PAPR, like Selective mapping [13] or Partial Transmit 

Sequence [14] used for OFDM, can also be applied for 

FBMC [15]-[17] but at a very high computational 

complexity and side lobes. Due to these drawbacks, above 

methods are not implemented in reality. 

In SC-FDMA (LTE),a DFT precoded uplink is 

used. This can also be extended for 5G mobile 

communication, but simple combination of FBMC and 

DFT performs poorly. As suggested in [14], performance 

can be improved by precoding a filter bank in place of 

DFT. Compared to SC-FDMA, this method reduces PAPR 

but at the cost of increased overhead and computational 

complexity. As per [6], in DFT spread scheme of FBMC, 

phase term also influences PAPR performance. Optimized 

phase term is also giving poor PAPR compared to SC-

FDMA. Therefore authors in [6] proposed a new scheme 

but at the cost of poor latency, high side lobes and high 

complexity. To reduce all these drawbacks we proposed a 

new modulation scheme based on diminished DFT with 

one tap equalizer. Using this method, in FBMC, we restore 

complex orthogonality. The advantages of our scheme can 

be illustrated as: 

 

 Low PAPR 

 Low OOB emissions when compared 

with FBMC, Low latency  

 Restored Complex orthogonality 

enabling optimized multi-user 

transmissions in uplink 

 Maximum possible symbol density.  

 Compatible to MIMO for flat fading channels. 

 

The possible disadvantages can be listed as: 

 

 Computational complexity is slightly 

higher than SC-FDMA. 

 A small residual interference is 

produced making the system quasi-

orthogonal. 

 For Flat channels, only Maximum 

likelihood low complex detection 

works. 

 Throughput is slightly reduced because 

of spreading 
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2. MULTI CARRIER SYSTEM MODEL 
In a multicarrier system data is transmitted on a 

rectangular frequency-time grid. Frequency and Time 

spacing determines the shape of pulse. For efficient 

bandwidth subcarrier spacing should be small, but it 

increases latency of transmission. Spacing in subcarriers is 

decided based on the channel conditions. Thus 5G 

communications will require flexible subcarrier spacing 

depending on different use cases and different studies 

reveal that FBMC is a better choice for next generation 

wireless systems.   

In a multicarrier system orthogonal pulses are 

used for carrying information. These orthogonal pulses 

overlap in frequency and time. Generally these pulses 

require a small bandwidth and converts broadband 

channels into multiple subchannels which has negligible 

interference and virtually flat in frequency [10]. In a 

multicarrier system the transmitted signal is given as 

 

, ,

1 1

( ) ( )
K L

l k l k

k l

s t g t x
 

                                               (1) 

 

xl,k,is modulated QAM or PAM, represents 

symbol transmitted at position k and l
th

 subcarrier. gl,k is 

the transmitted basis pulse and is given by 
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gl,k as shown is a prototype filter PTx(t) shifted in 

time and frequency[7] and T & F denotes Time and 

Frequency spacing respectively. At the receiver symbols 

are decoded by projecting the received signal r(t) on ql,k(t), 

where ql,k(t) is basis pulse at receiver 
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ql,k(t) is defined as a receiver prototype filter 

PRx(t) 

 

     2 ,
,
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For an AWGN channel SNR is maximized when 

matched filter is chosen that is 

ql,k(t) = gl,k(t)   and    PTx(t) = PRx(t)and for a doubly 

selective channel PTx(t)  is not equal to  PRx(t).Therefore 

the ambiguity function for the system is defined as  
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τ,υ are used to designate and time and frequency 
offsets respectively. To increase the spectral efficiency 

frequency and time spacing are reduced to half so that TF 

= 0.5 and it causes intrinsic interference on imaginary part, 

therefore interference is cancelled by considering real part. 

Thus time frequency spacing of 0.5 is same as that of 

TF=1 for complex valued symbols. In general in a 

complex valued symbol real  and imaginary part are 

matched to first and second time slots respectively and 

hence it is called as Offset-QAM.  

To simplify mathematical calculations we use 

Matrix based notation for the system. All the basis pulse 

vectors are stacked in a transmission matrix G, overall 

Transmission matrix [14] is given as 

 

, ......
1 2

N LK
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k
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Matrix at any time position k is given by        
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The transmitted signal is represented as 
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Where 

1N
S C

 , At time position k,   

1

1, 2, ,[ , ]
T

LX

kx Ck k l kx x x  denotes the 

transmitted symbols. 

For a doubly selective channel with a time variant 

channel matrix H and AWGN noise n, the received signal 

can be expressed as  

 

r = Hs + n =HGx + n                                                      (9) 

 

At the receiver demodulation is done by G
H
 

matrix and then received symbol is given by 

 

   H H
y G Hs n G HG nx     

H H
G HG G nx   

  H H
diag h G G G nx 

                                            
(10)  

 

where h represents the one tap channel and  

OQAM real orthogonality is satisfied as 

 

3. DIMINISHED DFT SPREAD FBMC 

Diminished DFT spread FBMC can be explained 

by its underlying basis pulses. The basis pulses gl,k are 

precoded by a precoding function C and it transforms the 

pulses gl,k(t)  into ( )
i

g t described by G  as     

1 2[ , ,....]G GC g g  . 
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The size of G  depends on precoding method. 

The following results depict the power of basis pulses and 

different types of basis pulses from conventional OFDM 

to our method diminished DFT. Figure-1 represents 

OFDM basis pulse for NFFT = 512,K=1,L=16. These basis 

pulses are frequency shifted and rectangular. All basis 

pulses with data symbols are guassian distributed resulting 

in poor PAPR of OFDM. 

 

 
 

Figure-1. Power of underlying basis pulse in OFDM. 

 

Figure-2 represents the SC-FDMA system 

obtained from a conventional OFDM [16] by DFT 

precoding by WL and this results in emulation of single 

carrier transmission. The PAPR will be better than OFDM 

as long as data symbols are chosen from QAM 

constellation. But in SC-FDMA the pulses at tF = 0 and tF 

= 1 jumps to zero abruptly and it results in large OOB 

emissions, only basis pulses at the edges will have this 

effect 

 

 
 

Figure-2. Power of underlying basis pulse in SC-FDMA. 

 

Figure-3 represents idea of diminished DFT 

where only few edge basis pulses are set to zero and  it 

reduces OOBE and this type of OFDM is called zero- tail 

DFT spread OFDM [16],[17]. Multipath delays can be 

avoided by utilizing zero tail in this OFDM similar to 

cyclic prefix. This results in reduction of spectral 

efficiency; due to this we implement FBMC instead of 

OFDM 

 

 
 

Figure-3. Power of underlying basis pulses in 

d-DFT OFDM. 

 

As shown in Figure-4, we use a diminished DFT 

FBMC unscaled. In this system we reduce L basis pulses 

of WL matrix into L/2 basis pulses and generate WLxL/2 

matrix. In this system time spacing is also reduced by half 

by using OQAM-FBMC and hence it does not impose any 

overhead. OFDM system is converted into FBMC by 

multiplying IFFT output with prototype filter P(t). 

 

 
 

Figure-4. Power of underlying basis pulses of unscaled 

d-DFT FBMC. 

 

As shown in Figure-5, the transmission power is 

made constant by scaling individual basis pulses and with 

this final step diminished DFT spread FBMC is 

implemented. In this figure we used a root raised cosine in 

time domain with a roll-off factor 1. 

 

,(cos(2 ) 1) 1/2 1/2
( )

0

F tF if F t F
p t
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



   
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 In order to avoid inter-symbol interference in 

FBMC, overlapping factor should not exceed value of 1.5. 

Hence we need a truncated Hermite prototype filter. 

Hermite prototype filter [13] is given by 

 
22 ( / )

0( ) 1 / 2 /
0 00,4,8,12,16,20

t T
P t T e a H t Ti i

i

 
 


 (12) 

 

The above filter is defined as truncated Hermite 

between -0.78T < t < 0.78T and zero elsewhere. 
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Figure-5. Power of underlying basis pulses of one –tap 

scaled dDFT FBMC. 

 

The following block diagram represents the basic 

idea of diminished DFT spread FBMC transmission 

system. L/2 complex value data symbols are spread over L 

subcarriers using a precoding matrix or frequency 

spreading matrix /2LXL

f
C C , so that transmitted symbol 

at time position k becomes 

 

x C x
k f k
                                                                 (13) 

 

At the receiver one tap equalization is performed 

with ekϵC
LX1

 on received symbols and then dispreading is 

done to give 

 

1
{ }

H
y C diag e y
k f k k

                                            (14) 

 

Spreading matrix is derived by assuming AWGN 

channel for which no equalization is needed.  Complex 

orthogonality is restored so that 

 

/2
H H

C G G C I
f k k f L

                                               (15) 

 

The approximation is used here to indicate the 

presence of small residual interference making the system 

quasi orthogonal. Matrix Cf consists of diminished DFT 

matrix WL with one tap scaling ‘b’ i.e., 

 

{ }
/2

C W diag b
f LXL
                                              (16) 

 

An auxiliary vector ‘a’ is used for assuming 

spreading and dispreading matrix of WL and is given by 

 

{ }
H H

a diag W G G W
L Lk k

                                        (17)  

 

[a]i corresponds to i-th column of WL. L/2 largest 

elements of ‘a’ of WL matrix are used for transmission. 

Therefore diminished DFT matrix and scaling vector for i 

= 1, 2 …L/2 is given by 

[ ] 1 / [ ]b ai i                                                    (18) 
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Figure-6. Block diagram of implementation of dDFT 

spread FBMC-OQAM 

 

As shown in Figure-7, a comparative simulation 

is performed to measure the transmit power in 

conventional FBMC and diminished DFT FBMC. In 

conventional FBMC system, overlapping of symbols in 

time is very high and transmissions have to go long period 

because of high ramp-up and ramp-down time. But in 

diminished DFT precoding matrix will alter the shape of 

pulse so that symbol overlapping in time is reduced and it 

also reduces the ramp times of signal. The transmit power 

for one symbol can be calculated as 

 

( )
{ }

t H H
P diag G C G C
k k f k f

                                    (20) 

 

When symbol overlapping factor is reduced we 

observe that Out-of-band emissions of the system 

increases. To study the effect of OOB we calculate 

spectral density of power given as 

 

( )
{ }

f H H H
P diag W G C G C W

N Nk k f k f
                     (21) 

 

 
 

Figure-7.Comparison of average transmit power in FBMC 

and dDFT FBMC. 

 

From Figure-8 we observe that OOB emission is 

very low in FBMC based system than OFDM and CP-

OFDM. In FBMC, we observe that diminished FBMC 

performs better. But when overlapping factor is reduced 

we observe that OOB emissions increases and latency 
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reduces. Thus depending on system requirements a  proper 

trade-off must be maintained  for choosing overlapping 

factorso as to maintain optimized latency and OOB 

emissions.  

 

 
 

Figure-8. OOB emissions in different systems with 

different overlapping factor. 

 

4. CONCLUSIONS 
The proposed model of FBMC with OQAM 

modulation is efficient in reducing the PAPR and Latency. 

Complex orthogonality is also restored with a superior 

spectral confinement. OOB emissions are reduced in a 

doubly selective channel without using CP .Latency of the 

system can be reduced by reducing overlapping factor. 

This model can further modified by using a linear 

processed FBMC and thereby reduces residual intrinsic 

interference. 
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