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The method of direct modulation using complex signals is used to implement signal paths of transmitters in base
stations of cellular communication systems. In the process of modulation, there are mismatches of the gain coefficient
and the phase of the quadrature components of the signal. Mismatch degrades the Error Vector Magnitude (EVM) at
the receiver, which in turn results in an increased Bit Error Rate (BER). The quality of the received signal is ex-
pressed in bit error rate. The mismatch of the amplitude and phase of the quadrature components is one of the most
important factors making the greatest contribution to the amplitude of the error vector, and which must be investi-
gated. The paper presents a research of the influence of the mismatch on the OFDM (Orthogonal frequency-division
multiplexing) and UFMC (universal filtered multi-carrier) technologies. A model of the transmitter, communication
channel and receiver for OFDM and UFMC signals has been developed. The model was built in the MatLab software
environment.

In the work, by studying the simulation model, the dependence of the noise immunity of technologies was studied
by changing the parameters of the communication channel, such as the amplitude and phase mismatch of the quadra-
ture components of the signal, as well as the signal-to-noise ratio. Also, a comparative analysis of such signal pa-
rameters as the occupied bandwidth, peak to average ratio, frequency of occurrence of bits with an error was carried
out. Based on the results of the study, graphs of the dependence of the error probability and the signal peak to average
ratio on the mismatch of the quadrature components were obtained for two technologies, OFDM and UFMC. The
study allows us to highlight the advantages of UFMC technology, which are expressed in spectral efficiency, noise

immunity and the level of the signal peak to the average ratio.
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Introduction
echnology of OFDM is currently used in
I many wireless communication standards,
as well as digital television. At the same
time, the technology has a number of disadvan-
tages, such as a high signal crest factor [1] and in-
tersymbol interference [2]. UFMC technology is
proposed as a replacement for OFDM. The UFMC
technology makes it possible to abandon the cyclic
prefix and thereby increase the spectral efficiency
of a mobile communication network compared to
OFDM technology [3, 4]. In addition, UFMC tech-
nology reduces out-of-band emissions by filtering.
The purpose of the investigation is to evaluate
the dependence of the noise immunity of the signals
of the two technologies on the mismatch of the
quadrature components and compare the results
obtained.

Fig. 1, a, b shows a block diagram of the trans-
mitter and receiver of OFDM signals [5].

The signal is formed in the following way. Using
the s/p (serial to parallel) block, a sequence of bits is
converted from serial to parallel. Each bit stream is
then modulated with a different modulation scheme,
such as QPSK or QAM [6]. We add a guard interval
to the left and right of the bit sequence, while the
guard interval is equal to a sequence of zeros, which
usually occupies 1/4, 1/8, 1/16 or 1/32 of the OFDM
symbol, after which the IFFT is performed. With the
sum of the in-phase and quadrature components of
the signal, we obtain a signal for transmission over
the communication channel.

On the receiving side, FFT and guard interval
removal are performed. Each stream is then de-
modulated with the appropriate circuitry. Using the
p/s (parallel to serial) block, the parallel stream is
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converted to serial and the original sequence of in-
formation bits is restored.

The second modulation method considered is
multi-frequency transmission with UFMC universal
filtering.

UFMC is a generalization of OFDM and FBMC
(Filter Bank Multi-carrier) multi-carrier transmis-
sion. If FBMC filters individual subcarriers, then

UFMC filters subbands of the combined subcarriers
[7, 8].

This grouping of subcarriers makes it possible to
reduce the filter order (compared to FBMC) [9, 10].
In addition, with UFMC it is also possible to use
modulation schemes such as QAM [11].

Fig. 2, a, b shows the transmitter and receiver of
UFMC signals [12].
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Fig. 1. Transmitter (a) and receiver (b) of OFDM signals
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Fig. 2. Transmitter (a) and receiver (b) of UFMC signals

First, the subcarrier band is divided into sub-
bands. Each subband is modulated with the appro-
priate modulation scheme. An N-point IFFT is then
performed. Each subband is then filtered with a cor-
responding band pass filter of a specific order.
A filter with a Dolph-Chebyshev window is usually
used; an example is shown in fig. 3. Filter type, or-
der, and bandwidth directly affect the cancellation
filter at the receiver side, where an inverse impulse
response filter is used. The filtering results are
summed to obtain a signal for transmission through
the communication channel.

When a UFMC signal is received, N-point FFT.
Then, the influence of the communication channel
and the subband filter are compensated. In this ex-
ample, there is only subband filter compensation. For
compensation, a filter with the inverse impulse re-
sponse of the subband filter is used, while the guard
interval is taken into account. The impulse response
of the compensation filter, taking into account the
guard interval, is shown in fig. 4. After that, each
subband is demodulated by the corresponding cir-
cuit. Then the parallel data stream is converted to
serial, and the original bit sequence is restored [13].
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Fig. 4. Impulse response of the compensation filter
taking into account the guard interval

On the basis of theoretical data, a mathematical
model was built in the MatLab program [14, 15].
The model corresponds to the receiver and trans-
mitter circuits of OFDM and UFMC signals shown
in fig. 1 and 2. Simulation options:

—number of FFT points, N — 2048;

—number of UFMC subbands — 10;

— number of subcarriers in the UFMC subband —
40;

— filter order — 64;

— attenuation in the filter stopband — 80 dB;

— type of modulation — 16-QAM;

— signal-to-noise ratio — 20 dB.

Fig. 5 shows the combined ten subband spec-
trum of the generated UFMC signal. When adding
the subbands, we obtain the total spectrum of the
UFMC signal, which is shown in fig. 6.
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Fig. 5. Spectrum of UFMC signal subbands

The simulation results from fig. 6 and 7 show that
the bandwidth of the UFMC signal is narrower, and
the attenuation of out-of-band emissions is greater
than that of the OFDM signal, which confirms the
theoretical data. Graphs are plotted by normalized
frequency with respect to the Nyquist frequency.

Fig. 8 shows the result of the study of noise im-
munity with a mismatch of the quadrature compo-
nents. The study was carried out at different values
of the signal-to-noise ratio at fixed mismatch values
for OFDM and UFMC signals.
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Fig. 8. Graph of the dependence of the probability of a bit reception error on SNR
with a fixed imbalance of the signal quadrature components

Fig. 9 and 10 show the result of studying the de-
pendence of the signal crest factor on the parame-
ters of the mismatch of the quadrature components,
where dA is the amplitude mismatch, dB; dP -
phase mismatch in degrees.

Changing parameters in dA4 ranges ([0; 3], dB)
and dP ([0; 30], deg) is due to the fact that with an
increase in the mismatch, the maximum error prob-
ability reaches 0.5, and further research into the
increase in the mismatch of the quadrature compo-
nents does not make sense.
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Fig. 9. Graph of the dependence of the peak to average ratio on the amplitude mismatch
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Fig. 10. Graph of the dependence of the peak to average ratio of the signal on the phase mismatch

Research results and conclusions

In accordance with the goal, the noise immunity
of OFDM and UFMC signals was studied depend-
ing on the mismatch of the quadrature components
of the signal and a comparative analysis was carried
out. The results of the study confirmed that the
UFMC method is spectrally more efficient than
OFDM due to subband filtering.

Subband filtering in the UFMC method elimi-
nates the cyclic prefix required in the OFDM
method to prevent intersymbol interference, which,
in turn, reduces the number of blocks in the signal
generation process.

The result of the study shows that the UFMC
signal has a lower crest factor compared to the

OFDM signal by an average of 2.4 %; You can also
highlight a number of the following features:

1) when an imbalance of the quadrature compo-
nents is introduced, the error probability of the re-
ceived bit and the crest factor of the signal increase;

2) the amplitude imbalance has a greater effect
on the increase in the crest factor of the signal;

3) phase imbalance has a greater impact on the
error probability;

4) the UFMC method shows better noise immu-
nity compared to the OFDM method.

When using the UFMC technology, the gain in
signal-to-noise ratio with an error order of 10™* is
0,9 dB, and with an error order of 10 it is 1,2 dB
relative to OFDM technology.
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The results of the study can be extended to other
values of the number of subbands and subcarriers.
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HUccnenoBanue BIAMSIHUS paccorjiacoBanvsi KBa/IpaTypHbIX COCTABJAIOIINX HA HOMCXO}’CTOﬁ‘-H/IBOCT]:

curaajgos OFDM u UFMC

A. FO. Bbenoycos, acnupant, VbxI'TY umenu M. T. Kanamaukosa, MkeBck, Poccust
B. B. Xeopenxos, 1oKTOp TeXHUYECKHUX HayK, npodeccop, k[ TY umenu M. T. Kanamuukosa, Mxesck, Poccust

Memoo nenocpedcmseenHol MOOYAAYUYU C UCHOTbI0BAHUEM KOMNIEKCHBIX CUSHANIO8 NPUMEHSIECS NPU Peantu3ayuu
CUCHATILHBIX TPAKMOE NepedamyuKos 6 DA308bIX CHAHYUSAX CUCEM COMOBOU cés3u. B npoyecce mooyrsyuu 603HU-
KAiom paccoznaco8anus Kodgguyuenma ycuneHus u (asvl Keaopamyphvix cocmasisiomux cuenaia. Paccoenacosa-
Hue yxyouaem mooynb eekmopa ouiuoku (Error Vector Magnitude, EVM) 6 npuemnuxe, umo, 8 c8oto ouepedsb, Npuso-
Oum K nogulieHUIo 4acmomol nosigneHus ouwuboynvix oumos (Bit Error Rate, BER). Kauecmago npunumaemo2o cueHa-
Ja evlpasicaemcs 8 yacmome nosigieHust oumoevix owubox. Paccoenacosanue amniumyovl u azvl K8aOpaAmypHvix
COCMABNAIOWUX SGNACMCA OOHUM U3 BAICHEUUUX PAKMOPOB, BHOCAUUX HAUDOILUUTI GKAAO 8 AMIIUMYOY BEKMOpa
owubKU, KOMOPBIU HEOOXOOUMO UCCAE08AMDb.

B cmamve npusedeno ucciedoganie 61usHUsz pAcCOLNACO8ANUSL KEAOPAMYPHBIX COCMABTAIOWUX CUSHALO8 MEXHO-
noeuti OFDM (Orthogonal frequency-division multiplexing) u UFMC (universal filtered multi-carrier). Paspabomana
MoOenb nepedamuyuka, Kanana ceéasu u npuemuuxa ons cuenaros OFDM u UFMC. Moodenv nocmpoena 6 npoepam-
MHOU cpede MatLab npu nomowgu sizeika MatLab u npedcmasnsiem co60il npoepammHyro Mooeib m-Script.
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B xo00e pabomuvl nymem uccnedosanus umumayuoHHOU MOOeIU U3VYeHAd 3A6UCUMOCHb HOMEXOYCMOUYUBOCHIU
MEXHON02ULL NyMeM UBMEHeHUsT NAPAMEMPo8 KAHAA C653U, MAKUX KAaK amMnaumyoHoe u (hazogoe paccoznacosamue
K6aO0pamypHuIX COCIMAGNAIOWUX CUSHANA, 4 MaKdice omHouenue cuenan/uiym. Ilpogeden cpasHumenbHulil anamus ma-
KUX Napamempos CUSHan08, KaK 3aHUMAeMdst NOA0CAa YACmom, NUK-Qaxmop, vacmoma noseienus Oumos ¢ ouubKoll.
Ilo pesynemamam ucciedosanus NOayueHvl epaguku 3a6UCUMOCTU 8EPOSIMHOCMU OWUOKU U NUK-pakmopa cueHana
OMm pacco2naco8anus K8aOPamypHvix cocmaegisowux oas 08yx mexuonozuti — OFDM u UFMC. IIpogedennoe uccne-
dosanue noseonsem svioerums npeumyuecmea mexvonoeuu UFMC, xomopvie ebipadcaiomesi 6 CneKmpaibHol 3¢-
hexmusHOCMU, NOMEXOYCMOUYUBOCTIU U YPOBHE NUK-(AKMOPA CUSHAA.

KuaroueBsie ciioBa: OFDM, UFMC, Moxymsamus 1 IeMOIYJISAIHS CUTHAJA, KBaIPaTypHBIH AucOanaHc, TIOMEX0yCTOH-
YHUBOCTb.
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