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Abstract- The universal filtered multi-carrier (UFMC) has
been taken as a promising candidate for future wireless
communication, where a finite impulse response filter is
employed to shape the waveform and enhance its resistance to
inter-carrier interference. In previous studies, the Dolph
Chebyshev filter had been used due to its low-side lobe levels,
but at the cost of low flexibility to filter the performance
control. Hence, this paper puts forward an effective scheme to
design an Waveform Shaping Filter for UFMC system In our
design, we model the design of UFMC filter as a constrained
minimax optimization, where three filter performance indexes
are addressed., the pass band ripple, the stop band attenuation
and the Nyquist condition. Once the required filter length is
small and the stop band attenuation is large, the width of the
main-lobe must be large, resulting in enhanced interference to
adjacent subcarriers. The first criterion is to maximize Signal
over out-of-band Leakage Ratio (SLR), while in the second
criterion, i.e., Signal to in-band Distortion plus out-of-band
Leakage Ratio (SDLR), the in-band distortion is additionally
included for the calculation of ICI.

Keywords- UFMC, 5G , Filtering-based waveform , Peak to
average power ratio.

. INTRODUCTION
The waveform has long been a question of great interest in a
wide range of previous-generation and next-generation
contexts. Recently, there has been renewed interest in new
Radio Access Technology (NR), and there is a possibility of
obtaining a better waveform design to comfortably multiplex
various services while making enhancements for the specific
demands of each service. The waveforms can be classified
into single-carrier waveforms and multi-carrier waveforms.
UFMC attempts to decrease the OOB leakage from the signal
like WOLA . However, the UFMC uses a non-trivial band-
pass filter b(n).The apparent distinction between CP-OFDM
and UFMC is that UFMC doesn't use the CP, however a guard
interval (GI) cushiony with zeros is introduced between the
IFFT symbols to avoid Directorate for Inter-Services
Intelligence thanks to transmitter filter delay. within the last
step, the symbols meet up with filter b (n) shows the method
of UFMC at the transmitter. Generally, the length of the filter
is about an equivalent because the length of the guard interval
length. Themodulation and reception of the UEMC wave
shape. The filter style (band-pass filter) passes the allotted
atomic number 37. the present study found that UFMC doesn't

use cyclic convolution, whereas CP-OFDM will use it.
Another important finding was that the receiver structure of
UFMC is mistreatment the whole image, adding Gl
comprehensively, and mistreatment 2 xsize of FFT at the
receiver to recover the signal. the method of the receiver of
UFMC. in addition, the receiver avoids the odd tone of the
2xsize FFT, and uses simply the even tones to recover the
signal. Another proposal is for an equivalent UFMC
methodology however differs in one purpose relating to the
filter cyclic prefix OFDM (FCPOFDM). UFMC uses simply
the ZP, whereas FCP-OFDM uses the mixed CP and ZP with
versatile partition . The encouragement is to supply Associate
in Nursing unexacting trade-off between multipath process
and OOB emission repression. The new undulation ought to
win the asynchronous reception and transmission,
nonorthogonal waveforms for higher spectral potency and low
latency.

But at constant time, you'll simply tune the subcarriers spacing
and range of tones relying upon the band vary and information
measure of application that we tend to area unit handling. In
addressing scalable undulation on constant network, we are
able to introduce filtering to the OFDM symbols that we are
able to even have completely different field of study beingness
on constant network. Some new undulation styles area unit
additional attracted by industries still as analysis organizations
that area unit less advanced in style, UFMC is that the most
adequate for 5G4,5. UFMC is that the methodology that mixes
the benefits of orthogonality OFDM and filter bank in FBMC.
rather than filtering every carrier like in FBMC, we've got to
filter a block of carriers referred to as sub-band. every subband
contains variety of carriers; filter length are relying upon the
dimension of sub-band. within the UFMC system, the
advanced symbols generated from the bottom - band
modulator. These advanced symbols area unit regenerate to
parallel stream, build a block of streams and given as input to
the IFFT of their various. The length of N purpose IFFT
output are serialized as block-wise which output are filtered
with a pulse shaping filter of length L. the info stream X are
regenerate to B disjoint blocks. and every sub-block is passing
through N purpose IFFT representing with matrix “V’. The
output of IFFT are serialized and spending through filter
representing with matrix ‘F’ . For the sub-band () the info
blocks represent with , IFFT matrix with and pulseshaping
filter with . The output of the filter bank, that is given as input
to the DAC are often expressed as below.
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Fig.1: UFMC is the method that combines the advantages of orthogonality OFDM and filter bank in FBMC

Il. RELATED WORK
Wen, J., et al[1]this paper models the filter style as a unnatural
minimax improvement regarding higher than filter

performance indexes. Then, the first nonconvex constraints on
Nyquist condition area unit some reworked to a linear matrix
inequation (LMI) and 2 linear inequations. Finally, the
improvement downside is solved by the semi-definite
programming (SDP). The numerical examples expressly
demonstrate the versatile performances trade-off of the
planned technique, during which the enclosed filter
performance indexes is effectively controlled. Moreover, the
bit-error-rate (BER) tests of the UFMC system confirms the
effectiveness of our study, wherever the designed filters with
smaller Directorate for Inter-Services Intelligence show BER
benefits over previous used filters.

Hammoodi, A., et al[2]the current review suggests the
employment of optimized waveforms (FBMC and UFMC) for
higher flexibility to beat the drawbacks encountered by
previous works. concerning existence, (FBMC and UFMC)
showed higher existence with (CP-OFDM) in 4G networks
with a brand new radio-frequency spectrum. The cooperation
between the mentioned wave forms has been known as
inexperienced existence and is because of the combination
between one waveform in 4G networks and 2 waveforms in
5G networks supported the subcarrier and subband shaping
(FBMC and UFMC).

Rana Ahmed et al [3], the UFMC system filter functions
supported per sub-band per sub-carrier basis to scale back the
OOB radiation and after minimize the potential ICI (between
adjacent users). [10] Universal filter reduces the filter length
and system complexness.

Shendi Wang et al[4], in case of asynchronous transmission,
the cooperative multipoint universal-filtered multi-carrier
(COMPUFMC) technique offers the orthogonality between

the multiple carriers for the reduction of your time and
frequency misalignment/offset. COMP-UFMC technique is
that the centralized unit. the most important issue with COMP-
UFMC is that if any delays occur in call (or) faults occur in
system model it humiliates the system performance.

Potnuru P.K. et al[5] By mistreatment UFMC we have a
tendency to acquire best image Error Rate (SER) even Carrier
Frequency Offset (CFO) is applied and spectral re-growth
conjointly satisfied. PAPR is additionally reduced by
employing a signal scrambling technique with natural
impressed search algorithms as optimizers.

Frank Schaich, Thorsten Wild, Yejian bird genus et al[6] e
choose their timefrequency potency once transmittal terribly
little bursts (e.g. for machine to machine communications) and
underneath terribly tight time interval necessities (e.g. for car-
to-car communications). whereas FBMC is extremely
economical once transmittal long sequences, it suffers once
having to transmit short bursts/frames. thanks to the cyclic
prefix and wide frequency guards, OFDM is very inefficient.
UFMC proofs to be the most effective selection, here,
outperforming OFDM by concerning 100 percent in any case
and FBMC just in case of terribly short packets whereas
playacting similar for long sequences.

I1l. PROPOSED METHODOLOGY
Universal Filtered Multicarrier (UFMC) uses suitably
designed filters to avoid the drawbacks of F-OFDM and
FBMC and combines the advantages of the two candidates.
The central concept behind UFMC is that it applies a filter to
parts of contiguous subcarriers rather than single
subcarriers.lllustrates the block diagram of a UFMC
transmitter. The FIR filter of length L should be utilized for
each subband and the summation of all subbands. FBMC
filters one subcarrier, and F-OFDM filters an entire band.
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Moreover, UFMC improves spectral localization and achieves
increased robustness regarding time-synchronization errors.
Furthermore, the filter length of the filtering groups of the
subcarrier is less than one subcarrier, and the bandwidth of the
filtering is more comprehensive, with shorter tails, compared
with that of the subcarrier filter. UFMC has 3 blessings. First,
it's a lot of appropriate for brief burst communication .
Second, the latency is reduced, and lastly, it will use parallel
multi-carrier numerologies. A subband-filter provides vessel
side-lobe level dissolution for overall sharing than the impact
of windowing as a result of UFMC will use totally different|a
special a uniquela distinct filter with different bands betting on
the service. in addition, UFMC contains a extremely adaptive
modulation theme thanks to being designed identically. for
instance, the quantity of NFFT in user (1)N1 and filter length
L1 equals user (2)N2 and L2(N1+L11 = N2+L2-1),and the
same filter, is used for every subband. Another notable
findings for this candidate, is that it's a lot of appropriate for
specific MIMO systems with coordinated multipoint (CoMP),
(joint reception) and with a lot of detail [6]. The performance
of the universal filtered multicarrier (UFMC) is a lot of
possible than OFDM by roughly 100 percent. the foremost
exciting finding within the literature was that UFMC is
nonsynchronization and non-orthogonal, that were expressly
achieved with machine-type communications and via the 10T
and in car-to-car communications [11], However, one in every
of the constraints is that the length of the filter is restricted to
avoid inter-symbol interference (ISI) . one in every of the
constraints of this clarification is that UFMC needs a lot of
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synchronization with user quality [11].Further, the procedure
quality will increase with the quantity of allotted subbands,
increasing to just about 10 times that of OFDM quality for a
whole designation in an exceedingly framework like LTE. in
addition, the orthogonality are lost because of UFMC not
being deemed appropriate for prime knowledge rates. UFMC
with a high delay unfold ought to be applied to multi-tap
equalizers.The signal modulation of UFMC. It looks that in
some ways in which the principle is basically identical
thereupon of OFDM. Such as, all of them allot the info into N
orthogonal sub-carries. However, the distinction continues to
be terribly obvious. In UFMC, the complete knowledge
information measure is zoned for S sub-bands, every of that
consists of K continuous sub carriers. during this respect, the
sub-band might functionally kind of like that known as
Physical Resource Block (PRB) in LTE. As there area unit N
sub-carriers, N-point Inverse separate Fourier Transformation
(IDFT) operation is demanded to be dead one by one in each
sub-band. However, knowledge symbols area unit solely
modulated within the corresponding allotted subcarrier
positions for sub-band and zeros area unit cushioned
scarceness domain within the unallocated subcarrier positions
to perform IDFT. This operation makes it attainable to get the
time domain signal with length of N. And then, it experiences
an unforgettable period in the N —length FIR-filter whose
center frequency is coincident with that of the sub-band, and
finally changes into another form with the length of N ? L - 1.
Different parts of domain signals distributed across the sub-
bands will be added up together as

o
X e ] IDFT Filter |X1(n)
- Vi F1
S
.
Xax = | IDFT Filter |X2(n) X(n)
>4 V2 F2 A To
] U RF
e
Yo7 IDFT Filter |Xs(n)
. Vs Fs
—
Channel
Far—
- i Time
< Domain To
o [Froquency) 2N . Baseband
. Domain . P.A' ¢ processing
& Symbol B F(:l;
processing — -0
- = -0
Ve + « :
e 0

INTERNATIONAL JOURNAL OF RESEARCH IN ELECTRONICS AND COMPUTER ENGINEERING

A UNIT OF I20R

3325|Page



IJRECE VOL. 7 ISSUE 2 (APRIL- JUNE 2019)

a complete modulation signal of UFMC next as shown in (1).
As a result, it still has the attribute of length N ? L - 1.

.\'(II) — ZY.\'\(H) = Z ZX\.L(‘BE'K"'“ N */‘(”)

S K
k=1

s s=1

As a generally-recognized fact, the rectangular symbol shape
in OFDM will lead to high out-of-band radiation to
neighboring sub-bands if the orthogonality between
subcarriers is impaired by a kind of annoying factors e.g.
synchronization errors. Thanks to the fact that with the help of
some appropriate filters introduced to UFMC system, such as
DolphChebyshev ones, the possibility of signal leakage
outside the sub-bands has been decreased, thus reducing the
interference between the sub-bands. To prove it, Fig. 2 has
analyzed the UFMC waveform and OFDM waveform all
directed to the same sub-band under the frequency domain
condition. Here, we set the parameters with careful
consideration to make the filter have the length of N and the
side-lobe attenuation equal to 60 dB.

IV. CONCLUSION

In this paper UFMC is analyzed for Waveform Shaping Filter
in the UFMC System. By using UFMC we can achieve all
requirements of applications which are associated in 5G. The
parameters used for investigation of UFMC were includes:
SER, Spectral re-growth, PAPR. Obtained results can be
concluded as mentioned below. The SER is better for UFMC
than OFDM even if the CFO is present. The spectral re-growth
is very less in UFMC because of filter-bank used at output of
IFFT blocks. PAPR also reduced with signal scrambling
technique. The optimal solution is converging very fast
because we are using natural inspired search algorithm as an
optimizer in signal scrambling method. UFMC with FA
optimizer showing better results than GA, PSO and ABC
optimizers.
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