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ABSTRACT 
Universal Filter Multi-Carrier (UFMC) modulation is a potential candidate for next generation wireless communication due to 

its advantages like better sub carrier separation and less complexity. Higher peak to average power ratio (PAPR) affects the 
performance of UFMC and suitable PAPR reduction technique is required to mitigate the same. In this work, an improved PAPR 
reduction technique (CFC-UFMC) has been proposed for UFMC system. Performance of proposed technique is compared with 
existing Selective Mapping (SLM), Clipping, Companding and Clipping & Filtering methods as applied on UFMC. Simulation 
results show that proposed technique provides better PAPR reduction with variation in design parameters namely FFT Size, Filter 
Length and Bits per sub carrier as compared with other techniques. Various PAPR reduction techniques have also been compared 
on the basis of bit error rate. 

Keywords: UFMC, CFC-UFMC, SLM, FFT and PAPR 
 
 

1. INTRODUCTION 

Multicarrier modulation is a method of transmitting 
data by splitting it into several components so that a 
higher data transmission rate can be achieved [1]. Many 
multi carrier modulation techniques have been developed 
by researchers to support higher data transmission rates 
and UFMC, FBMC and OFDM are some of them [2]. 
UFMC is one of the multicarrier modulation techniques 
which are being considered as potential candidates for 
next generation wireless communication [3]. In UFMC 
input data stream is divided into number of sub carriers 
and groups of these sub carriers are formed to make sub 
bands which are filtered through pulse shaping filters 
before transmission. 

Like other multicarrier modulation techniques it also 
suffers from the drawback of higher peak to average 
power ratio [4]. There are a number of PAPR reduction 
techniques like clipping, selective mapping, companding 
and clipping with filtering are available which were 
originally introduced for OFDM systems and cannot be 
directly implemented on UFMC due to different frame 
structures. In this work, we have made an effort to make 
some of the available PAPR reduction techniques suitable 
for UFMC system and a comparative analysis is done to 
find the most effective technique and a new improved 
PAPR reduction technique has been implemented. 

The remainder of this paper is organized as follows: In 
section 2, the considered UFMC system model is 
presented. Section 3 is devoted to the high Peak to average 
power ratio and PAPR reduction techniques. Section 4 
reports simulation setup, including the comparative 
analysis of different PAPR reduction techniques. Finally, 
conclusions are drawn in Section 5. 

2. UFMC SYSTEM MODEL 

Multicarrier modulations are based on the principle of 
splitting data into several components and send these over 
many different sub channels, so that a higher data 
transmission rate can be achieved. UFMC system is also 
based on the principle of frequency division multiplexing 

(FDM), in which input data stream is divide into several 
lower rate sub-streams. Basically, it provides better sub 
carrier separation like FBMC and less complex system 
like OFDM. Filter bank multicarrier (FBMC) filters the 
signal on per subcarrier basis i.e. each sub carrier is 
assigned its own filter [5] which provides better sub 
carrier separation but on the other hand use separate filer 
for each sub carrier, makes the system more complex 
while orthogonal frequency division multiplexing 
(OFDM) filters the signal on single shot i.e. single filter is 
used for complete signal this provides a simple system but 
sub carrier separation is also poor [6]. UFMC (Universal 
filter multicarrier) can be seen as a compromise between 
OFDM and FBMC, it groups subcarriers to form sub-
bands, which are then filtered individually as compared 
with single subcarrier or the complete band [7].  

Fig. 1 shows block diagram of UFMC, input data 
stream is divided into sub-streams, and then these sub 
carriers are grouped to form sub-bands. These sub bands 
and then a pulse shaping filter with smooth edges is used 
on each sub band that leads to substantial reduction in out-
of-band transmission [8]. In this way, it minimizes the 
harmful interference from adjacent sub channels of the 
neighboring resource block. 

The generated output can be given as: 

x୩ ൌ ∑ F୮,୩V୮,୩୆
୮ୀଵ X୮,୩                                  (1) 

The overall bandwidth and the total number of 
subcarriers are divided into number of sub bands. Now, 
the input data stream of kth user,		ݔ௞ is divided into 
multiple sub streams denoted by ܺ௣.௞ for 
p߳	ሼ1, 2, 3………  ሽ. Here ‘B’ is total number of subܤ.
streams or sub bands. A sub band in UFMC may also 
correspond to Physical Resource Block (PRB) in LTE. 

Then, the signal of each sub band is applied to 
individual N point IFFT represented by matrix ‘V’. The 
output of IFFT is converted to serial form and applied to 
respective filter represented by matrix ‘F’. ‘F’ is a 
Toeplitz matrix, composed of the filter impulse response, 
performing the linear convolution in equation (1). For pth 
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sub band, (where p varies from 1 to B) ܺ௣,௞, ௣ܸ,௞ and	ܨ௣,௞  
represents data blocks, IFFT matrix and filter respectively. 
For filter length ‘L’ and IFFT matrix of size ‘N’, the 
symbol xk of duration N+L-1 is generated at the output of 
transmitter section. 

 

Fig. 1  UFMC System Model  

UFMC system is more robust to transceiver 
imperfections such as carrier frequency offset (CFO) and 
timing offset (TO) and it is a low-cost low-complexity 
system. In addition to the benefits in performance and the 
lower out of band transmission, the most important 
advantage of the UFMC system over OFDM system is the 
design flexibility, which enables the system to adapt to the 
requirements of specific user, service types and channels 
by adjusting the sub band filter and system parameters [9]. 
The filter length is a key parameter affecting the system 
performance in different ways. A longer filter not only 
provides lower out of band emission, but also results in 
better frequency localization and makes the system more 
robust to synchronization errors and multipath fading 
channels [10]. However, a longer filter also causes several 
drawbacks including more frequency selective filter 
response reducing transmission efficiency in the time 
domain. So, it is clear that by selecting proper filter length 
and system parameters an efficient and better system for 
next generation wireless communication can be designed. 

3. PEAK TO AVERAGE POWER RATIO AND 
PAPR REDUCTION TECHNIQUES 

The PAPR is the relation between the maximum 
power of a sample in a given by transmit symbol divided 
by the average power of that symbol. PAPR occurs when 
in a multicarrier system the different sub-carriers are out 
of phase with each other [11]. At each instant they are 
different with respect to each other at different phase 
values. When all the points achieve the maximum value 
simultaneously, this will cause the output envelope to 
suddenly increase which causes a 'peak' in the output. 
There are a large number of independently modulated 
subcarriers in multicarrier system, and when they are 
added up coherently for transmission purpose give a large 
peak value which is very large as compared to average 
value of the sample. The ratio of the peak to average 
power value is termed as Peak-to-Average Power Ratio 
and it can be given as: 

PAPR =	ቀ
௠௔௫൛|௫ሾ௡ሿ|మൟ

ாሼ|௫ሾ௡ሿ|మሽ
ቁ                  (2) 

 
Where, |xሾ݊ሿ| is the amplitude of x[n] and E denote the 
expectation of the signal. 

This higher PAPR causes saturation in power amplifier 
which produces inter modulation products among sub 
bands and also increases out of band radiation [12]. So, to 
make system performance efficient it is necessary to 
reduce peak to average power ratio. There are many 
techniques for PAPR reduction, which were originally 
designed for OFDM systems, some of them can be 
described as: 

3.1. Selected Mapping (SLM) 

The basic idea behind this scheme is to generate  N 
statistically independent data frames representing  the 
same information and frame with lowest PAPR is selected 
for transmission, because of the varying assignment of 
data to the transmit signal this principle is called as 
selected mapping [13].  

3.2. Clipping and filtering 

This is one of the simplest techniques for PAPR 
reduction. The principle is to define a clipping level for 
data transmission above which the input signal is clipped 
off and peaks of signal are reduced [14]. Let, there is a 
signal ݔሾ݊ሿ which is to be transmitted and ݔ௖ሾ݊ሿ is its 
clipped version which can be denoted as: 

௖ሾ݊ሿݔ ൌ ቐ
െܣ																					ݔሾ݊ሿ 		൑ െܣ
|ሾ݊ሿݔ|														ሾ݊ሿݔ ൏ ܣ
ሾ݊ሿݔ																					ܣ 		൒ ܣ

                   (3) 

Where, A is the clipping level. Clipping operation reduces 
PAPR at cost of higher BER and it also produces in-band 
and out of band radiation in signal. This out of band 
radiation can be reduced by using filtering after clipping 
but BER performance gets degraded. 

3.3. Tone Reservation 

In this scheme, some subcarriers are reserved within 
the transmitted bandwidth and appropriate value is 
assigned to these reserved tones. These reserved 
subcarriers don’t carry any data information, are only used 
for reducing PAPR. This method is called Tone 
Reservation [15]. Main advantage of TR is that it does not 
introduce any distortion to the data bearing tones and no 
side information is required. But it increases average 
energy per bit which might reduce the BER performance 
and spectral efficiency is also reduced due to tone 
reservation. 

3.4. Companding 

Companding is an easy and less complex method of 
PAPR reduction, the basic idea was to expand the small 
signal in transmitter section and compression is carried 
out at receiver side. In this method value of small signals 
is enlarged while peaks remain unchanged due to which 
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average power is increased and peak to average ratio is 
reduced. 

Although all these techniques were originally design 
for Orthogonal Frequency Division Multiplexing and due 
to different frame structure of FBMC and UFMC some of 
these cannot be directly applied on these modulation 
techniques. Therefore it is necessary to consider the 
different frame structure of these modulation schemes 
while applying PAPR reduction techniques [16]. 

3.5. Combining Clipping and Filtering with 
Companding (Proposed CFC-UFMC Technique) 

In this work, an improved PAPR reduction technique 
CFC-UFMC has been proposed. It is the combination of 
Clipping and Filtering with Companding. Fig. 2 shows 
step by step procedure for implementation of proposed 
technique. 

 

Fig. 2  CFC-UFMC PAPR Reduction Technique 

Step 1: Complex symbols are generated by UFMC 
modulator system. 

Step 2: Define a clipping level above which the input 
signal is clipped of to remove picks. 

Step 3: Out of band radiations of clipped signal are 
removed by Filtering. 

Step 4: At transmitter, small signals are enlarged while 
peaks remain unchanged due to which average power is 
increased. 

Step 5: At receiver reverse operation is performed and 
compression of transmitted signal is carried out. 

To improve the PAPR reduction of UFMC signal we 
have proposed CFC-UFMC technique. The basic idea is to 
clip the output signal generated by a UFMC modulator to 
a predefined level ‘A’ above and below the average value. 
Here, clipping level is defined 4dB above and below the 
average. This clipped signal is then passed through a filter 
section whose filter length can be varied and for our 
consideration we have taken three values = 43, 63 and 83. 
Companding is done to expand the small signal in 
transmitter section and compression is carried out at 
receiver side, we are using µ law companding with M = 
255. Combination of these three techniques may provide a 
large amount of reduction in peak to average power ratio 
of the system which is desired for making a modulation 
system more effective. 

4. SIMULATION SETUP 

The proposed PAPR reduction technique has been 
implemented on UFMC modulation technique. Table 1 
provides the simulation set up used in this work. Here, we 
have used Dolph-chebyshev filter for simulation of UFMC 
system with QAM as baseline modulation scheme.  

Table 1  Simulation Parameters for UFMC system 

Parameter Value 
Filter Dolph-chebyshev filter 
Filter Length 43,63,83 

Modulation- Scheme QAM 
FFT Size 256, 512, 1024 
Bits Per Sub Carrier 2, 4, 6 
Sub Band Size 20 
Number of Sub Bands 10 

MATLAB platform is used to perform the comparison.  

5. RESULTS AND DISCUSSION 

The proposed CFC-UFMC technique has been 
evaluated with variation in filter length, FFT size and Bits 
per sub carrier. The performance of proposed technique is 
also compared with 4 other techniques namely Selective 
Mapping (S-UFMC), Clipping technique (C-UFMC), 
Companding (Comp UFMC), Clipping and Filtering (CF-
UFMC). The work is further extended and effect of these 
PAPR reduction techniques has been studied on the bit 
error rate of the system.  

5.1. Effect of FFT size 

FFT size of any modulation system has a great impact 
on its performance. In this work, we have examined effect 
of FFT size on performance of different PAPR reduction 
techniques as applied with UFMC system. Fig. 3 provides 
the impact of variation in FFT Size on Different PAPR 
reduction techniques. 

 

Fig. 3  Effect of FFT size on different PAPR reduction 
Techniques 

It is clear from Fig. 3 that, FFT Size has a significant 
impact on the PAPR distribution of UFMC signals. 
Hence, the PAPR increases for large values of FFT Size. 
This is due to the reason that overlapping of symbols 
increases with increase in FFT size which results in 
increase in PAPR value. Likewise with short FFT lengths, 
the PAPR decreases. This holds true for all the PAPR 
reduction techniques considered in this work. 
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The amount of PAPR reduction provided by CFC-
UFMC varies from 84% to 90% with variation in FFT size 
and its maximum at moderate value (512-point) of FFT 
size. 

5.2. Effect of Bits per Sub carrier 

Bits per sub carrier (BPS) and modulation order are 
inter-related to each other. Values of 2, 4, and 6 Bits per 
sub carrier results in modulation order of 4, 16, and 64 
respectively. Table 2 shows effect of bits per sub carrier 
on different PAPR reduction techniques. 

Table 2  Effect of Bits per Sub-Carrier 

Bits 
Per 
Sub 
carrie
r 

PAPR (dB) 
Origin
al 
UFMC 

S-
UFM
C 

C-
UFM
C 

Com
p 
UFM
C 

CF-
UFM
C 

CF
C-
UF
MC

2 22.44 16.2 12.2 11.2 11.1 3.50
4 19.58 21.1 17.7 11.1 6.79 1.33
6 21.62 21.0 25.8 10.5 9.41 1.65

It can be concluded that PAPR of UFMC is minimum 
with CFC-UFMC technique and it provides better results 
than other PAPR reduction techniques considered in this 
work. The effectiveness of CFC-UFMC increased from 
84% to 93% with variation in Bits per sub carrier and it is 
93% with 4 bits per sub carrier. 

5.3. Effect of Filter Length 

The filter length is a key parameter affecting the PAPR 
value of a system. A longer filter not only provides lower 
out of band emission, but also results in better frequency 
localization However, a longer filter also causes several 
drawbacks including more frequency selective filter 
response reducing transmission efficiency in the time 
domain. The results obtained by variation in Filter Length 
are given in Fig. 4.  

 

Fig. 4  Effect of Filter length on Various PAPR reduction 
Techniques 

 

We have considered filter length 43, 63 and 83 to 
evaluate the performance of CFC-UFMC. The results 
obtained by the simulation have shown that the 
performance of proposed method is better than other 
PAPR reduction techniques. 

Fig. 4 clarifies that, with variation in filter length, the 
performance of proposed technique varies but it is better 
than other PAPR reduction techniques considered in this 
work. 

CFC-UFMC provides a large amount of PAPR 
reduction and effectiveness of the scheme increased from 
84% to 93% with variation in filter length. It provides 
maximum amount of PAPR reduction with filter length 
63. 

5.4. Bit Error Rate 

Bit error rate can be defined as the ratio of bits that 
have errors relative to the total number of bits received in 
a transmission. In digital transmission received bits of a 
data stream over a communication channel get altered due 
to noise, interference or distortion.  Bit error rate is a 
performance measure of any communication system and 
defined in percentage. The definition of bit error rate can 
be given as: 

BER = 
ே௨௠௕௘௥	௢௙	௘௥௥௢௥௦

்௢௧௔௟	௡௨௠௕௘௥	௢௙	௧௥௔௡௦௠௜௧௧௘ௗ	௕௜௧௦
                              (4) 

In this paper, effect of PAPR reduction techniques on 
BER performance of system has been studied. It has been 
evaluated that with the reduction of PAPR, bit error rate 
the system starts increasing. Fig. 5 shows the bit error rate 
of UFMC system, without and with PAPR reduction 
techniques. 

 
 

 
 

Fig. 5  Comparison of BER with different PAPR reduction 
Techniques 

Here, a comparison of conventional UFMC signal has 
been done with Comp-UFMC, CF-UFMC and CFC-
UFMC on the basis of BER. For this comparison SNR 
range is taken from 0 to 20 and BER value of original 
signal is nearly equal to 10-3 but when we apply PAPR 
reduction techniques it starts decreasing, if we compare 
these values with PAPR reduction of the techniques it is 
clear that higher the PAPR reduction lower the BER 
performance. So, there is a tradeoff between PAPR and 
BER of the PAPR reduction techniques. 
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6. CONCLUSION AND FUTURE SCOPE 

In this work, a new PAPR reduction technique CFC-
UFMC has been simulated and compared with the existing 
S-UFMC, C-UFMC, Comp-UFMC and CF-UFMC 
techniques. It has been concluded that proposed technique 
of PAPR reduction technique provides better results as 
compared with other existing techniques. Effect of various 
design parameters on different PAPR reduction techniques 
has also been evaluated and it is observed that with all 
design parameters, CFC-UFMC provides better PAPR 
reduction among all the PAPR reduction techniques 
considered in this work. Effect of these PAPR reduction 
techniques has been evaluated on the performance of BER 
of system and it has been evaluated that there is a tradeoff 
between BER and PAPR. By using CFC-UFMC technique 
PAPR reduces to a great extent but BER performance get 
worst. In future, we will focus on implementing more 
reliable and efficient PAPR reduction technique for 
UFMC.  
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