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HN.A. Anmmnmaiicase, F0.B. IOxanos

OINTUMM3AIIAA BCEHAIIPABJIEHHOMN AHTEHHBI 2 x 2 MIMO
JJIs1 BHYTPEHHUX ITPUJIOKEHHWMU 2G, 3G, 4G U 5G

H3-3a cocywecmeosanuss HeCKOIbKUX MUNnog cemeii CeésA3u U pacmyujeli nompebHoCmu 8 6blCOKO-
CKOPOCMHOU nepedaye OaHHbIX MHO20YACMONHbIE U WUPOKONOIOCHbIE CUCEMbL CE53U NPUOdpenu nony-
JAPHOCMb 8 Kauecmee mem 05 usyuenus. Beenanpasnennvie anmennvl mozym obpabameigams 60abule
OMOENbHLIX OUANA3Z0HO8 YACMOM U NOJIe3HbL 01 PA3IUYHBIX YCIMPOUCME Oecnpo8ooHoll céa3u 01azooaps
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ceoell Quaspamme HanpaeiIeHHOCMU, KOmopas obnecuaem 3Qh@Pekmuenyo nepeoauy u npuem ¢ MOOUIbHO-
20 yempoticmea. OOHaKo 015 cucmem MoOUIbHOU ¢83u, noodepacusaiowux npunodcenus 2G, 3G, 4G u
6yoywux 5G, ucnonv3osanue aHMeHHbl C BbICOKOU NPONYCKHOU CHOCOOHOCHbIO MOJCEM UMeMb peuaro-
wee sHauenue. Ilockonvky 5G npedrazaem ceoeli 0bwupHol base nonvzosameinel b6ojee BbICOKYIO CKO-
pOCMmb nepeoayu OAHHbIX, 6ONBULYI0 HAOEHCHOCb U CHUICEHUe dHep2onompebieHus, Obliu onyoIUKO8AHbI
MHO20YUCTIEHHbIE UCCIE008AHUA WUPOKONONOCHBIX anment 5G. Brazooaps c6oum MHOLOUUCTEHHbIM Npe-
uMywjecmeam, makum Kaxk 6onee 6blCOKAA NPONYCKHAA CNOCOOHOCMb KAHANA, NYYULAS NPOU3BOOUmMeENs-
HOCMb nepeoauu U npuema CUeHAIa, 603MONICHOCIb pasmewjams 0obulle aHMeHHbL 8 KPOUEUHbIX Npo-
cmpancmeax u mMrozoe opyeoe, MIMO cmana eaxcrhetiweti mexnonozuei 0as 5G. Hedaeno onst mobuns-
HbIX menepoH08 ObLIO0 NPEONIOHCEHO HECKONbKO pasnuiHblx munog aunmenn SG MIMO. B smom uccredo-
eanuu npeoiazaemcsi uympentsisi cucmema cesizu GSM/3G/LTE/SG ¢ ucnoav3oeanuem wupoKonoioCHOU
MIMO-anmenner 2 x 2. B anmenHe uchoib3ylomces 08a AHMEHHbIX DNEeMEHMA, PAGHOMEPHO PACNONONCEH-
HBIX BOKPYE YeHmpa, 01 POPMUPOBAHUS 8CEHANPABLEHHOU Ouazpammsl HanpagieHHocmu. OOHO8peMeHHO
00CmMuU2alomes NPeBoCXOOHbIE CE0LUICMBA BCEHANPABNIEHHO20 USNYYEHUS U WUPOKAS NOIOCA NPONYCKAHUS.
Tlonoca umneoanca (0,7-5,3) I'Ty mosxcem 6vimeb docmuchyma ¢ obpamuvimu nomepsimu 00 -23 no pe-
3YILMAMam MOOeIUposanus u ycunernuem 00 6,5 ob. /[na moodenuposanus anmentul ucnoavsyemes ANSYS
HFSS (High Frequency Structure Simulator) 2020.
Bcenanpaenennas; MIMO-anmenna, c8epxuupoKonoiocHas.

I.LA. Alshimaysawe, Yu.V. Yukhanov

OPTIMIZATION OMNI-DIRECTIONAL 2 x 2 MIMO ANTENNA FOR INDOOR 2G,
3G, 4G, AND 5G APPLICATIONS

Due to the cohabitation of multiple types of communication networks and the increasing need for
high-speed data transmission, multi-frequency and broadband communication systems have gained popu-
larity as study topics. Omnidirectional antennas can handle more individual frequency bands and are
useful for a variety of wireless communications devices due to their radiation pattern, which facilitates
effective transmission and reception from a mobile device. However, for mobile communication systems
supporting 2G, 3G, 4G, and future 5G applications, the use of a high-bandwidth antenna may be crucial.
Since 5G offers its vast user base higher data speed, greater dependability, and reduced power consump-
tion, numerous studies on 5G broadband antennas have been published. Because of its many advantages,
such as higher channel capacity, better signal transmission and reception performance, the ability to
place big antennas in tiny spaces, and more, MIMO has emerged as a crucial technology for 5G. A num-
ber of different 5G MIMO antenna types have recently been suggested for cellphones. An indoor
GSM/3G/LTE/5G communication system using a 2 % 2 wideband MIMO antenna is suggested in this
study. The antenna uses two antenna elements evenly spaced around the centre to form an omnidirectional
radiation pattern. Simultaneously, excellent omnidirectional emission properties and a broad bandwidth
are obtained. An impedance bandwidth of (0.7-5.3) GHz can be accomplished with a return loss of up to -
23 based on the simulation results, with a gain of up to 6.5 dB. ANSYS HFSS (High Frequency Structure
Simulator) 2020 is used to simulate the antenna.

Omni-directional; MIMO antenna; ultra-wideband.

I. Introduction. Mobile base stations and antennas must adapt to support the new 5G fre-
quency bands below 6 GHz, as well as 2G, 3G, and the current 4G (0.7-0.96 GHz and
1.7-2.7 GHz) as telecom service providers look to install 5G mobile systems around the world
[1]. Compared to the present 4G system, fifth generation (5G) communication technology can
offer a number of benefits, such as faster transfer rates and lower latency [2—4]. Research has
demonstrated that in order to obtain greater transmission rates for 5G operations at frequencies
lower than 6 GHz, a multiple-input multiple-output (MIMO) antenna system should be imple-
mented [5-13]. A number of 5G MIMO smartphone antennas have recently been proposed
[14-17]. In 2016, the European Commission (EC) revealed the bands between 3.4 and 3.8 GHz
as part of its spectrum strategy for 5G testing. 2017 saw the official announcement by China's
Ministry of Industry and Information Technology (MIIT) that the 3.4-3.6, 4.8-5, and 3.3-3.4
(indoor only) GHz bands would be reserved for 5G services [18]. For indoor base stations
where there is limited space for placing antennas, a single antenna element covering the desired
frequency bands is preferred over several antennas for different bands [1]. Many attempts have
been made to use a single antenna covering the frequency bands of 0.7 to 0.96 GHz and from
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1.7 to 2.7 GHz to suit the needs of 2G, 3G, 4G, and 5G applications [1]. In [19], a wide-band
multiple-input multiple-output (MIMO) antenna with dual-band (2.4 and 5 GHz) operation was
proposed for premium indoor access points (IAPs), and its performance was compared with that
of dipole and patch antennas. In [20], the explanation of a method for incorporating dual-band
frequencies into a broad bandwidth single-layer board. In this study, two "L"-shaped and rec-
tangular radiating elements are combined and implanted on a relatively compact single layer
structure to construct a dual-band printed dipole antenna. Two IEEE WLAN standards can be
completely supported by the printed dipole antenna, which operates in the frequency range of
2400-2500 MHz and 4900-5875 MHz. In [21], developed a brand-new, low-cross-polarization,
wideband omni-directional antenna for indoor GSM1800/3G/LTE/5G communication systems.
The printed log-periodical antenna elements of the suggested antenna are uniformly spaced
around the centre to achieve the omni-directional radiation patterns. Additionally, a wide band-
width and high omnidirectional radiation performance are realised concurrently between 1.7
and 3.8 GHz with a gain of around 1.5 dBi across the whole operating frequency thanks to the
cooperation of the log-periodical antenna and annular parasitic patches. In [22], the proposed
antenna is composed of three radiators above a ground plane, a coupling patch above the mono-
pole with three shorting legs to increase the lowest operating frequencies, a monopole com-
posed of three patches fed by a coaxial line and a top-loading disc on top of the coupling patch
to further reduce the lowest operating frequencies. An enhanced impedance bandwidth of 9.23:1
was obtained with S11 -13.9 dB (for SWR 1.5) from 650 MHz to 6 GHz. In [23], an electrically
compact upper-band Alford loop antenna and a lower-band omnidirectional loop antenna are
combined on a single substrate to provide a small, horizontally polarised dual-band omnidirec-
tional antenna, according to the technique presented. To reduce the gain variation in the azi-
muthal plane, a method for effectively extending the Alford loop's bandwidth was developed,
the electrically small loop is fed by four symmetrical radial strips extended from a circular
patch, for demonstration, the electrically small loop and Alford loop were created for the 2.4-
and 5-GHz Wi-Fi bands. It covers the 2.4-2.5 GHz and 5.1-5.9 GHz Wi-Fi frequencies. In [1],
the dual polarisation antenna consists of two orthogonal dipole antennas. Each dipole is com-
posed of three different types of radiators are cat-ear-shaped arms for different bands, bowtie
dipoles, and elliptical dipoles. Three broad bands, each with individually controlled fractional
bandwidths of 31.3% (0.7-0.96 GHz), 55.3% (1.7-3 GHz), and 14% (3.3-3.8 GHz), are offered
by the proposed antenna. In [24], three MED antennas were used in this submission to present a
novel 3-D circular conformal MIMO antenna system. The single MED element was meticulous-
ly built with one main (lower-band) dipole and two auxiliary (upper-band) dipoles to achieve
the dual band radiation. The MED element exhibits an impedance bandwidth of 54.2%
(1.68 GHz-2.93 GHz) with a stable gain of 6.05+1.15dBi in the lower band and 9.2%
(3.32 GHz-3.64 GHz) with 5.71£0.7dBi in the upper band, respectively. In this paper, an anten-
na designed in [25] is developed, operating at frequencies (698-960) MHz, (1710-2700) MHz
and (2800-3800) MHz. Typical 2x2 MIMO antenna that are omnidirectional radiation pattern is
developed by modification in the design Where work is done to change the location of two pas-
sive wings, Simulations are conducted for a number of designs, and the best results are obtained
in two cases, the first case when change the angles through moving passive wings clockwise by
4 degrees, the results are better at first band (698-1) GHz, second bands (1.7-1.9, 2.4-3.1) GHz,
and third band (3.4-3.8) GHz in S11, VSWR, gain, and efficiency, while the second case when
change the angles through moving passive wings counter clockwise by 1 degree, the results are
the best in the band (3.4-3.8) GHz and slightly lower in the band (698-0.9) GHz in terms of
S11, VSWR, gain, and efficiency. The antenna must work in the whole WLAN frequency spec-
trum since the frequency covers both IEEE 802.11b/g and 802.11a/j, and because it has enough
gain and beam coverage to apply to a premium access point. For mobile communication sys-
tems supporting 2G, 3G, 4G, and upcoming 5G applications, a broadband antenna can be use-
ful. It is different from the previously listed antennas in that it has a large bandwidth, low return
loss, and high gain, making it appropriate for usage in a variety of settings and with communi-
cation systems across all generations (2-5G).
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Il. The proposed of antenna design. The circular 2x2 MIMO antenna structure, as
shown in figure 1, is designed for frequencies between 0.7 GHz and 5.3 GHz. The antenna con-
sists of two active and two passive wings made of copper, four plastic rods and six aluminum
rods. The antenna's ground is constructed of aluminum with dimensions of 213 mm, diameter,
and 1.5 mm. As illustrated in figure referred to above, the antenna's size as simulated in
ANSYS HFSS 2020.

In fig. 1(a) we have to change the location of two passive wings in [25] where moving
passive wings clockwise by 4 degrees and the results obtained are better at first band (698-1)
GHz, second bands (1.7-1.9, 2.4-3.1) GHz, and third band (3.4-3.8) GHz in S11, VSWR, gain,
and efficiency, while in fig. 1(b) when moving passive wings in [25] where counter clockwise
by 1 degree, the results obtained are the best in the band (3.4-3.8) GHz and slightly lower in the
band (698-0.9) GHz in terms of S11, VSWR, gain, and efficiency.

passive wing

plastic rod edge length 3.05mm
D=8.1mm height 21.5mm
plastic

60 mm_ fomm

119 mm
23 mm

20 mm - — - J7~23 mm
552 mm” L W height 32mm
/ b = mm H
i . almenium
activd wing rods no.1 & 2 (plastic)

(a) Rotate passive wings 4 degrees clockwise

(b) Rotate passive wings 1 degree counter clockwise

Fig. 1. MIMO 2 %2 antenna circular shape

I11. Simulation results and discussions. This suggesting antenna is created using ANSY'S
HFSS Version 2020 software. According to fig. 2—6, the lowest value for S11 is -23 in 1.9 GHz,
the best value for VSWR is 1.12 in 1.9 GHz, and the maximum value for the Gain is 6.4 dB in 4
GHz. These results are obtained for the ultra-wide band (0.7-5.3 GHz) in the proposed antenna
design shown in Figure 1(a), which illustrates how the antenna designed in [25] is modified by
moving its passive wings clockwise by 4 degrees. The original antenna's characteristics are shown
by red dashed curves, and the modifying antenna's characteristics are shown by solid green curves.
The proposed antenna differs in that it can obtain better specifications at first range (698-1) GHz,
S11is-15, VSWR is 1.4, second range (1.7-1.9, 2.4-3.1) GHz, and third range (3.4-3.8) GHz, S11
is -12, VSWR is 1.6, gain is 6dB making it more efficient and suitable for use in 5G applications.
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Fig. 2. Return Loss (S11)
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When modifying the antenna design [25] and studying several different cases, the best results
are obtained through analysis by moving passive wings counter clockwise by 1 degree as in fig. 1(b),
the results as shown in fig. 7-11 are -20 it’s a minimum value for S11 in 1.9 GHz, 1.2 in 1.9 GHz it’s
the best value for VSWR, and 6.5 dB in 3.7 GHz represent the higher value of the Gain for the band
(0.7-5.3 GHz), where (698-0.9) GHz with S11 is -12, VSWR is 1.6, gain is 5.4dB it is considered a
little less compared to the antenna result referred to above, but with regard to the band (3.4-3.8) GHz
with S11 is -13, VSWR is 1.5, gain is 6.4dB, the difference will be clearly for the better, which
makes this design better for use, especially with fifth generation communications applications. Red
dashed curves represent the characteristics of the original antenna and solid green curves represent
the characteristics of the antenna after modifying the design.
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Conclusions. The rapid advancement of wireless technology and personal communica-

tions has led to a greater demand for antennas that can operate across a wide spectrum of fre-
quencies. This makes them more appealing for a variety of applications and compatible with
both present and future communication generations. This study describes the design of an
omnidirectionally radiation-patterned wide-band MIMO antenna. The circular-shaped 2x2
MIMO antenna generated ultra-wide band frequencies (0.7-5.3GHz) with gain up to 6.5 dB and
return losses approaching -23. It can be used for various applications across all mobile commu-
nication generations (2G, 3G, 4G, and 5G), all WLAN classes, and upcoming new applications.
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HU3KONPO®UJIbHASI AHTEHHASI PEIIETKA CHJIBHO CBSI3AHHBIX
JUIOJIEN KPYTOBOM MOJISIPU3ALIAU

Paccmompena koncmpykyusi HusKOnpo@uibHoll aHmeHHOU peulemKy CUTbHO CA3AHHBIX Ounonell
Kpyeoeotl nonapuzayuu. OcHo8HOU 0emanblo KOHCMPYKYUU AGIAIOMCA 0684 CKPEUWEHHbIX OUNOJia 68 neuam-
HoM ucnoanenuu. Keadpamypuoe 6030yoicoeHue obecneuueaemcs noiockamu 8 gopme oyeu OKPYHCHO-
cmu, COeOUHAIOWUMU NAPbL OPMOLOHATLHO PACHONIONCEHHBIX Nled HA 8ePXHEM U HUJICHEM Cll0e Memaniu-
sayuu. [nsa obecneyenus eMKOCIMHOU CE:A3U MeXHCOY NeMEHMAMU NPUMEHAIOMCA MeMAannuieckue OUCKU,
2aNbEAHUYECKU COCOUHEHHbIE C OCHOBAHUEM NPU NOMOWU MEMAaiIuieckux cmepoicnei. [ns pacuiupenus
no0Ckl pabouux Yacmom u Yay4ueHus XapaKmepucmux usyueHus aHmenHoll peulemxu HenocpeocmeeH-
HO HAO OUNOISMU pACnonodcer coznacyrowutl cio naacmuxa Eccostock HiK. [Ipeocmasnenul pesynoma-
Mbl YUCTIEHHO20 UCCIe008ANHUSA XAPAKMEPUCMUK INeMeHMAPHOll AYeliKu aHMeHHOU peulemKu ¢ nepuoou-
YeCKUMU SPAHUYHBIMU YCILOBUAMU HA 2PAHAX 6 npocpammuom obecneuenuu ANSYS HFSS. Ilokasana 603-
ModICHOCIb pabombl 8 WUPOKOLL NOAOCe YACMOM NO 3A0aHHOMY YPOBHIO CO2AACO8ANUS U KOIPduyuenma
annunmuynocmu. I[loxasana 3a6ucumocms Xapakmepucmuk co2iaco8anus u Kodghuyuenma dsuaunmuy-
HOCIMU OM pasmMepos Noiocka, obecneuusawezo KeadpamypHoe numanue nied ounonei. Pacuemmnvim
nymem YCMAHOBIEHO, 4MO GblOOp paouyca NoI0CKd, 0becneyusarweco KeaopamypHoe 6030yicoeHue
niey ounoneu, npeocmasisem cobou KOMRPOMUCC MeICOY WUPOKOU NOOCOU paboyux 4acmom u JyHuum
KO3 Puyuenmom sanunmuunocmu 8 yeumpe ouanaszona. Iloxkazano, 4mo ucnonb3o8anue pacnoioHICenHo-
20 HeNnoCpedCmEeHHO HAO CNoeM OUNOJEl COLNACYIOWe20 CNOs 8 PEEemKaX CUNbHO CEA3AHHbIX OUnoel
Kpy20601l NoasApusayuu 06ecnevuno co2nacosanue 8 WUpoKol noaoce Yacmom npu CoOXpaneHuy 2AeKmpu-
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