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The article considers the technology of frequency multiplexing with
universal filtering UFMC, planned to be introduced in the fifth generation of
mobile communication networks, which allows maximizing the rate of decay
of the side lobes of the multifrequency signal spectrum that cause out-of-
band emissions. As a method of investigation, a computational experiment
was chosen. The parameters of the OFDM and UFMC signals were
compared to determine the gain of the UFMC technology in the occupied
bandwidth of the signal spectrum, as well as the number of arithmetic
operations, required to generate a data symbol compared to the OFDM
technology, on the basis of which, conclusions were made about the practical
application of UFMC technology in networks mobile communication of the
fifth generation. The conducted analysis can help to select the optimal

OFDM number of sub-channels in groups in order to minimize the amount of
UFMC computations during the UFMC symbol generation process.
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1. INTRODUCTION

The development of information technology has led to significant changes in all areas of human
activity, which in turn leads to a continuous increasing in traffic volumes [1, 2]. Moreover, it is planned that a
significant part of this traffic will be the exchange of data of inter-machine interaction. Taking into account
all the new tasks that arise in the field of telecommunications, it becomes evident the need to move to new
standards in mobile communication networks [3, 4]. And now, the standard of communication networks of
the fifth generation is already at the stage of certification. The approval of this standard is planned to be
implemented in 2020, after agreement the frequency bands at the World Radiocommunication Conference
and obtaining a positive decision from the International Telecommunication Union. However, even now it is
possible to get acquainted with the draft copy of this standard published on the ITU website. According to the
data presented in the draft IMT-2020 standard, the speeds of the downstream and upstream digital streams
will be 10 and 20 Ghit/s respectively, the downstream and upstream speeds of 100 and 50 Mbit / s are
declared for the end user. At the first stage, the organization of fifth-generation networks is planned on the
basis of the existing architecture of the fourth-generation networks, which will be gradually supplemented
with the latest developments of radio access [5]. In existing fourth-generation wireless access networks for
data transmission, orthogonal frequency multiplexing OFDM technology is used. Despite the indisputable
advantages of this technology, we should note a number of disadvantages, for example: the need for high-
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precision synchronization in time and frequency, sensitivity to the Doppler effect, high values of the peak
factor. It should also be noted a fairly broad frequency band in which incidental radio emissions of the
OFDM signal are observed above a predetermined level. At the same time, increasing the spectral efficiency
is quite a challenge. However, there are already several solutions that, along with classical OFDM,
are included in the basis of data transmission in the fifth generation communication networks. In this article,
one of such technologies will be considered: universal filtered multicarrier (UFMC).

2. SPECTRAL COMPONENTS

The principle of UFMC technology is to maximize the decay rate of the side lobes of the
multifrequency signal spectrum at the output of the Fourier transform block with the help of filters with finite
impulse response (FIR filters), the weight coefficients of which correspond to the Dolph-Chebyshev window
function [6-9]. An expression describing in general the principle of forming the i-th OFDM symbol on the
transmitting side is:
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where ¥t — i-th complex data frame of duration N, W¥ = (WT) — N X N — matrix of the inverse

discrete Fourier transform (IDFT), arg* — complex conjugate operator, Xl sequence N-point (IDFT), Xi,

A= [M] — the block matrix for adding a cyclic prefix, by copying the last M samples X' inthe
Iy

time window between the sequences xi~1 and X*. Then symbol X" enters the digital-to-analog converter,

where the OFDM signal is generated:
x'(t) = Re(Th_y X%, - hyan (¢ — nAL)) cos(rfit):

where hpac(t) — impulse response DAC.
The symmetry property of the IDFT matrix elements should be noted. 4> — oxp (Zm' ﬂ)
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where m,n=0...N-1 - row and column number of matrix

W”:Re(m,’;m) = Re(w;-‘—m,n)l Re(m;m) = Re(w;\;_mm) s Vm =1 (%) — 1. The symmetry

property is also valid for n. Thus, in order to organize the transmission by N subcarriers, it is necessary to

increase the size of the matrix W up to 2N, which allows, nevertheless, to form the real signal at the output

of the IDFT block due to the Hermitian expansion of the complex data frame:xl- — (k )x, TS
N—m — n

N

vn=1.. (E) — 1. An example of the OFDM symbol for N = 256 and M = N / 8 and its spectrum is shown

in Figure 1.

As can be seen from Figure 1, the level of spectral components, that go beyond the bandwidth
allocated for transmission and which affect the signal transmission in adjacent channels, is quite high.

In the UFMC technology discussed in this article, the QAM N sub-channel signals are divided into
G groups. The complex data frame of each such group at the positions of QAM signals that do not fall within
the frequency range of this group contains zero elements. Complex frames of these groups are fed to separate
blocks N of a point IDFT, at the output of which FIR filters with impulse characteristics described by the
expressions [7] are installed:
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where g — the number of the subcarrier group 0 ... G-1, L — the length of the filter (odd), selected within the
range 0.07 ... 0.1 of the N value, which is commensurable with the length of the cyclic prefix.
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Figure 1. The level of spectral components: a) the OFDM symbol,
b) the amplitude spectrum of the OFDM signal

In Figure 2 the impulse response of FIR filters for 0.7 and 15 groups for G = 16, as well as their
spectral characteristics for L = 17, N = 256, insertion damping of the side lobes - 80 dB, are shown.
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Figure 2. Impulse characteristics of FIR filters for groups g =0, 7, 15
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The formation of the i-th data symbol UFMC as a function of discrete time can be described by the
following expression:

i 1 . y
! = _—_y&-1 H i _ $G6-1 i
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where D, = diag{d,, d,, ..., d,y_,} — matrix of forming a complex data frame of the group, where d,=1, if n
is one of the sub-channel numbers of the given group, and d,=0,otherwise. H, - (2N + L — 1) X 2N a

matrix of an aperiodic convolution of the signal from the output of the IDFT block and the counts of the
Dolph-Chebyshev window function, Jﬁfg is the data symbol of the group g. The UFMC data symbol is then

fed to the DAC and a frequency converter that carries the UFMC signal spectrum to the high-frequency
range. In Figure 3 shows the spectral characteristics of FIR filters for groups.
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Figure 3. Spectral characteristics of FIR filters for groups g =0, 7, 15

In Figure 4 the amplitude spectrums of the corresponding groups at the output of the frequency
converter are shown.
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Figure 4. Amplitude spectrums of groups at the output of the frequency converter

In Figure 5 shows the amplitude spectrums of OFDM and UFMC signals formed from a single
complex data frame are shown.
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Figure 5. Amplitude spectrums of OFDM and UFMC signals

From Figure 5 it’s obvious that UFMC technology effectively eliminates out-of-band emissions.
So, if we determine the width of the occupied frequency band of the signal spectraum by the out-of-band
radiation level -40 dB, then the UFMC gain over the occupied frequency band is more than 1.2.

3. VOLUMES AND SPEED OF CALCULATIONS

At the same time, it is worth to pay attention to the number of calculations required for the
formation of OFDM and UFMC symbols. If for the formation of the OFDM symbol in practice it is
necessary to perform the IFFT procedure, which takes into account the Hermitian symmetryN log,(2N)
operations of complex multiplication and 2N log,(2N) complex addition, then for the formation of the
UFMC symbol, the IFFT procedures are required in G times larger and, therefore, in G times more
calculations. The subsequent convolution of the real output sequence of the IFFT block with the impulse
response of the FIR filter of the group of length L requires G(2N +L —1)L multiplications and
G(2N +L —1)(L — 1) additions [10-15]. As well as, it will be necessary to perform G(2N +L —1) operations
of adding symbol counts of these groups.

In Figure 6, a graph that shows the dependence of the number of arithmetic operations required for
the formation of OFDM and UFMC symbols on the number of sub-channels N is presented. Calculations of

the UFMC symbol were made for the case of 16 sub-channels in the group and the filter length
L =0.07 (2N).
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Figure 6. Dependence of the number of arithmetic operations required for the formation of OFDM and
UFMC symbols, on the number of sub-channels N

As can be seen from the graphs, the number of arithmetic operations required to generate a UFMC
symbol is at least four orders greater than the number of operations required to generate an OFDM symbol.
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4.  CONCLUSION

In the course of this work, the UFMC technology for data transmission in the standards of 5G /
IMT-2020 networks were considered. And also it was compared with the OFDM technology, used in the
networks of the fourth generation. It can be concluded that, despite the advantages in terms of economy of
the bandwidth used for transmission, UFMC technology requires incommensurably large amounts of
computation, which can significantly complicate the practical implementation of this technology, especially
taking into account the transmission speeds that are planned to be provided to the final users.

REFERENCES

[1] Kucheryavy A. E., “Internet of Things,” Electrosvyaz, vol. 1, pp. 21-24, 2013.

[2] Volkov A., et al., “Interaction of the loT traffic generated by a smart city segment with SDN core network,”
Lecture Notes in Computer Science, vol. 10372, pp. 115-126, 2017.

[3] Mukhisi S. and Kirichek R. V., “Analysis of the application possibility of SDN / NFV in mobile 5G networks,”
Youth Scientific School on Applied Theory of Probabilities and Telecommunication Technologies (APTCT),
pp. 166-174, 2017.

[4] Kucheryavy A. E., et al., “Self-organizing networks,” St. Petersburg, Lubavitch, pp. 312, 2011.

[5] Ragimova S., “Thirst for speed.” Available: https://www.kommersant.ru/ doc / 3006299.

[6] Vakilian V., et al., “Universal-Filtered Multi-Carrier Technique for Wireless Systems Beyond LTE,” IEEE
Globecom Workshops (GC Wkshps), pp. 223-228, 2013.

[71 Dvorkovich A.V. and Dvorkovich V. P., “Window functions for harmonic analysis of signals,” M. Technosphera,
pp. 112, 2014.

[8] Eficher E. and Jervis B., “Digital signal processing. Practical approach,” 2nd ed. M. Williams, pp. 992, 2004.

[91 Nguyen N., Phan V., Nguyen H., Tran M., Trang T. Performance analysis for power-splitting energy harvesting
based two-way full-duplex relaying network over nakagami-m fading channel, TELKOMNIKA, Vol.17, No.4,
2019, pp.1595-1603.

[10] Kamal Bashah N., Husin N, Ruzaini S., Janom N., Arshad N., The optimization of leased line distribution at the
edge of local access network via WAN convergence network, Indonesian Journal of Electrical Engineering and
Computer Science Vol. 16, No. 1, 2019, pp. 333-341.

[11] Mollagasem V., Ardakani M., Hesaraki S. Bone Regeneration Using Nanotechnology — Calcium Silicate Nano-
Composites, UCT Journal of Research in Science, Engineering and Technology, 1(1): 01-03 (2013)

[12] Golmohammadi A., Tavakkoli R., Jolai F., Golmohammadi A. Concurrent cell formation and layout design using a
genetic algorithm under dynamic conditions, UCT Journal of Research in Science, Engineering and Technology,
(2014), 2(1), 08-15.

[13] Tarmizi Y., Jidin A., Karim A., Sutikno T. A simple constant switching frequency of direct torque control of
brushless DC motor, International Journal of Power Electronics and Drive System (IJPEDS), Vol. 10, No. 1, 2019,
pp. 10-18.

[14] Hassan N., et al., Number of Iteration Analysis for Complex FSS Shape Using GA for Efficient ESG, Bulletin of
Electrical Engineering and Informatics Vol. 7, No. 4, 2018, pp. 505-513

[15] Li S, Da Xu L, Zhao S. 5G Internet of Things: A survey. Journal of Industrial Information Integration. 2018, 1;
10:1-9.

Indonesian J Elec Eng & Comp Sci, Vol. 15, No. 2, August 2019 : 855 - 860



