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Abstract— This article give explanation about the aspects of
Universal Filtered Multi Carrier system and give us an
initiative about the merits of latest modulation technique for
expanding 5G Communication Systems. In 4G technology
Orthogonal Frequency Division Multiplexing is an excellent
choice but it also has some demerits. OFDM method has
some problems of high Peak to Average Power Ratio
(PAPR), Side band leakage is another problem in OFDM. By
taking into consideration the above parameters a stir to
another technique called Universal Filtered Multi Carrier
(UFMC) is used because of good spectrum usage. This paper
also clarifies about the UFMC system model. Based on the
Simulation results in MATLAB, the spectrum exploitation of
UFMC system is much better than OFDM system.
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I. INTRODUCTION

Current radio access technologies such as Long Term
Evolution (LTE) and advanced long-term evolution (LTE
Advanced) have problems such as incompatibility constraints
and -internal constraints to meet ITU requirements [3].
Communication systems such as LTE/LTE Advanced, Wi-Fi
uses OFDM, as multi-carrier modulation technique in 4G.
Although it has proficient implementation and robustness to
channel delays as highlights however this method
experiences some high PAPR results low efficiency of power
amplifier, decreases the battery life. OFDM spectrum has
high out of band side lobes creating the problem of low
spectral efficiency. To overcome these drawbacks new
modulation techniques for 5G communication system are
used.

The spectrum utilization of OFDM is not better
when compare to other modulation techniques like UFMC.
Communication technologies are being developed to achieve
ever high date rates over power and band limited radio
channels. In OFDM the total band is filtered and in Filter
Bank Multi Carrier (FBMC) individual subcarriers are
filtered where as a group of subcarriers (sub bands) are
filtered in UFMC.

In order to get the higher requirements in 5G, this
OFDM technology is not enough .Thus, the evolution of new
technologies like Universal Filtered Multi Carrier (UFMC)
are emerged. UFMC is seems as generalization of OFDM.
Still the entire band is filtered OFDM by groups of sub
carriers are filtered in UFMC. This sub carriers grouping
allows one to reduce filter length also UFMC can still use
QAM which work with existing MIMO Schemes.

In UFMC filtering is applied to a group of sub
carriers. UFMC system not only enables QAM transmission
and MIMO schemes, but also provides lower out of band
radiation with short frame length. UFMC is best suited for
uplink with multiple number of users [3].

A. Format of Assessment

This article contains four segments. A epigrammatic
introduction is given in section I. UFMC system model
details would be discussed in Section Il. Section Il and
Section IV will arrange simulation results and conclusion
respectively.

B. Literature Survey

OFDM divides the spectrum into number of orthogonal and
non-overlapping subcarriers. In OFDM timing and Carrier
Frequency Offset (CFO) errors are high. FBMC is the new
modulation technique for 5G to overcome these losses in
OFDM [4].

Like OFDM, FBMC is also a multicarrier technique
which employs per-subcarrier filtering. Filtering technique is
used in FBMC. FMBC’s improved synchronization and
resistance to misalignments of frequency make the waveform
an enticing alternative to OFDM. However, the additional
filtering required increases the implementation complexity.
For short burst uplink communication with high filter length
of FBMC is disadvantageous [3].

The performance of UFMC signals is better than
OFDM in terms of side lobe attenuation, BER for discrete
narrow band networks [3]. Smart Gradient Project Active
Constellation Extension (ACE-SGP), Tone Reservation (TR)
methods are used to reduce the PAPR values for
FBMC/OQAM signals [4]. UFMC does not have to use a
cyclic prefix, although it can be used to improve the inter
symbol interference (ISI) protection using special or unified
structure of the frame [5].

Il. UFMC MODEL

UFMC, a generalization of Filtered OFDM and FBMC multi-
carrier modulation technique. Generally in filtered OFDM,
entire band is filtered where as in FBMC individual sub
carriers are filtered. But in UFMC group of sub carriers are
filtered [6].Now-a-days UFMC is a highly research involved
5G modulation method. UFMC, a novel multicarrier
modulation technique works equivalent to the generality of
filtered OFDM.

Processing loop which affects the performance of
the system [5]. The spectrum utilization of OFDM is not good
in OFDM because many side lobes might pick up interfering
signals, which in turn results in the increase of noise level at
the receiver. Both OFDM and FBMC supports MIMO
technology, but OFDM has some drawbacks [7]. In OFDM
‘Cyclic Prefix’ is must to avoid Inter Symbol Interference
(1SI) and to convert the channel to a number of sub-carrier
channels. But in FBMC, Cyclic Prefix is not used, but it has
the capability to convert the channel to a set of sub-carrier
channels and to remove ISI. Both OFDM and FBMC supports
MIMO system. The primary reason of using OFDM in
MIMO system is to remove interference and the main aim of
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FBMC is to overcome some of the shortcomings in OFDM.
FBMC is the betterment of OFDM. So, FBMC is equals to
the derivative of OFDM. Both plays a prominent role in the
area of wireless communication modulation techniques. But
by using filter banks it has possible to get our desired results
than OFDM. In Massive MIMO FBMC concept, the
complexity of the system and delay can be reduced by
reducing the sub-carriers. In Massive MIMO FBMC system,
Analysis can be done at Receiver side and Synthesis at
Transceiver side.

The sub-carriers spectral localization in OFDM are
weak which might results in spectral leakages and also
interference issues with unsynchronized signals.

Spectrum efficiency improvement proposed by
HUAWEI has given solutions to improve the spectrum
efficiency. Reframing and Time Division Duplexing and
Frequency Division Duplexing (FDD) co-ordination.
Refarming means termination of existing allocation bands in
the radio spectrum and the more productive reallocation of the
spectrum into smaller bands. Refarming solution helps
operators dramatically increase spectrum efficiency and
network coverage at low cost [8]. TDD/FDD coordination
maximizes the utilization of fragments through optimization
and global network simulation centre.

1. UFMC SYSTEM

UFMC is a generalization of Filtered OFDM and FBMC
multi-carrier modulation technique. Generally in filtered
OFDM, entire band is filtered where as in FBMC individual
sub carriers are filtered. But in UFMC group of sub carriers
are filtered [6]. This is the main difference in Filtered
OFDM, FBMC and UFMC multi-carrier. Grouping of sub
carriers helps in reducing the filter length in UFMC. IN
UFMC, to retain the complex orthogonality, QAM is used
which works with existing MIMO. The whole UFMC
transmitter section is shown in figure 2. Here the full band of
‘N’ sub carriers are partitioned into several sub bands. Each
sub band has a fixed number of sub carriers. In transmitter
section no need of employing all sub bands for a transmission.
To get rid of from the sub band carrier interfere, Inverse Fast
Fourier Transform (IFFT) is used. At each N-point IFFT, sub
bands are computed and zeros are allocated for unallocated
carriers. IFFT converts frequency domain (X;) to time domain
(xi). After the N-point IFFT, the output can be written as
Yi=IFFT {Xi} (I)

Now the time domain signals comes from the IFFT
goes to Band filter of length ‘L’ block. Each sub band output
is filtered by band filter of Length ‘L’ It is expressed as

y=H.~Q.yi (i)

Where H is called toeplitz matrix having dimensions
(N+L-1) and ‘~Q’ is called as Inverse Fourier matrix.

Actually  band  filters  uses  Chebyshev
window/filtering operation. Here parameterized side lobes
attenuation is used to filter the IFFT outputs. Now all the
outputs from the band filters are summed at the end and passes
through the channel.

From the channel the data bits are transmitted to
UFMC receiver. UFMC receiver do’s 2N-point Fast Fourier
Transform (FFT). FFT converts the data of time domain to
frequency domain. It is shown in the form of equation

~Y =FFT{[y",0,0,......... ,0]} (iii)

To prevent Inter Symbol Interference (ISI), guard
intervals of zeros are added between successive IFFT
symbols. ISl is due to transmitter filter delay. To receive N
length frequency domain signal ‘Y’, even sub carriers are
discarded. Now the data goes for equalization process and the
original data bits are retrieved by symbol demapping. It is
shown in the UFMC receiver section figure 2.
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Fig. 2: UFMC Receiver section

Massive MIMO is a extension of MIMO which
essentially groups together large number of antennas at the
transmitter and receiver to provide better throughput and
spectrum efficiency. In general, massive means very large.
So, installing very large antenna array at each base station to
serve numbers of users simultaneously is known as Massive
MIMO and is shown in the figure 3.

This section would have been discussed the
importance and  need of Massive MIMO technology. The
research areas and projects on MIMO 5G technology are
listed in the table I.

Recovered
Data bits

Fig. 3: Massive MIMO Technology
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Table 1: Research Areas and Projects on MIMO 5G

Technology

In 5G mobile communication system, Massive
MIMO cooperates very vital role. High energy consumption
and spectral crisis are still the major threats in 4G system.

We know that there is a huge demand for higher data
rate, Massive MIMO is promising technigue increase the
technical efficiency of cellular networks, by deploying
antenna arrays With thousands of active elements at the base
station, so all the telecommunication companies started the
research work on 5G. MIMO system technology primarily
concentrates on higher spectral efficiency and focuses on
high coverage area for all cell edge users. In a communication
system, fading and multi path delays are creating problems
which results in errors and also affects the performance of the
system. So, In order to overcome these problems there are
some techniques called Filter Bank Multi carrier (FBMC),
Universal Filtered Multi-Carrier (UFMC) and Orthogonal

Frequency Division Multiplexing (OFDM) which overcomes
the above said problems in communication system. The
UFMC MIMO model consists of MIMO encoder, MIMO
decoder, UFMC Modulators and UFMC demodulators and it
is shown in figure 4.

In a conventional Massive MIMO system, Ultra-
linear 50 watt amplifiers are utilized. In any case, now
specialists are utilizing minimal effort speakers with yield
controls in mille-watt. Chang and Saltzberg are the two
writers and researchers which were at that point talked about
Multi Carrier procedure twenty years back. When the system
is operated with power amplifiers, the multi-carrier systems
such as OFDM and FBMC produces signal excursions into
the non-linear region which leads to distortions. The spectral
leakage cannot be modified or corrected but compensated by
using prediction algorithm technique at the transmitter side.
The FBMC technique is not only using in 4G/5G, but it is also
using in Aeronautical communication system. Here they used
L-band for air to ground communication. In this they
introduced a new concept called spectrally shaped Filter Bank
Multi Carrier (SS-FBMC) to obtain the error flow free BER
results. International Civil Aviation Organization (ICAO) is

doing improvements or developments in Aeronautical
communication system based on SS-FBMC.
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Fig. 4: UFMC MIMO

Parameter Value
Total number of FFT points| 512
Sub band size 20
Sub band Offset 156
Bits per sub carrier 2,4,6,8

Number of sub bands 10

Filter Length 43
Side lobe attenuation 40
SNR (dB) 15

Table 2: System parameters

Mapping techniquePAPR of UFMC|PAPR of OFDM
4 QAM 9.037 8.4367
16 QAM 8.2479 8.8833
64QAM 8.6219 9.9169
256 QAM 8.0421 7.2453

Table 3: PAPR values for UFMC and OFDM for different
mapping techniques at 5dB SNR.

IVV. SIMULATION RESULTS

There are 200 sub carriers are used in power spectral density
on OFDM. Overall band divided into 10 sub bands, each sub
band have 20 sub carriers. By the simulation result it is very
clear from the figures 5 and 6, the spectrum utilization is
better than OFDM system. Average power ratio of UFMC
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for different mapping techniques is listed in Table I1l. PAPR
values in UFMC are high except for 16QAM. PAPR for
UFMC is better for 256 QAM. From the table we can say the
PAPR 16 QAM mapping scheme is better for UFMC system.
The BER for 4, 16, 64 and 256 mapping techniques are also
shown in figure 8.
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Fig. 7: BER of different mapping techniques

V. CONCLUSION

It is proved from the figures 5 & 6 that the spectrum
utilization in OFDM is not good and the spectrum utilization
in UFMC technique is good because of lesser side lobes. The
PAPR values for both UFMC and OFDM are 8.3848 dB and
7.5653 dB respectively. So, the PAPR of UFMC is better than
OFDM using 16 QAM mapping method. OFDM, in 4G have
some demerits like side band leakages and high Peak to
Average Power ratio (PAPR) issues. From this paper it is
clear, UFMC is suitable for 5G.
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