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Today’s goal in cellular network is having high-speed mobile data in any dense urban ar-
ea. The forecast of the latter is that it will only get more and current cellular base stations not
able to continuously increase the transmit/receiving data speeds. Massive MIMO is currently
the most compelling sub-6 GHz physical-layer technology for future wireless access. The main
concept is to use large antenna arrays at the base stations to simultaneously serve many auton-
omous terminals. The key concept is to equip BSs with arrays of many antennas, which are
used to serve many terminals simultaneously, at the same time-frequency resource. In the arti-
cle, the word “massive” refers to the number of antennae and not the physical size, where the
antenna arrays have attractive form factors: in the 2 GHz band, a half-wavelength-spaced rec-
tangular array with 200 dual-polarized elements is about 1.5 x 0.75 meters large. In the article
it is shown how Massive MIMO operates in time division duplex mode and the downlink
beamforming exploits the uplink-downlink interaction of radio propagation. Specifically, the
BS array uses channel estimates obtained from uplink pilots transmitted by the terminals to
learn the channel in both directions. This makes Massive MIMO entirely scalable with respect
to the number of base station antennas. BSs in Massive MIMO operate autonomously, with no
sharing of payload data or channel state information with other cells. The rich and unique
propagation signatures of the terminals are exploited with smart processing at the array to
achieve superior capacity. The article presents the analysis, benefits of the massive MIMO sys-
tem and forecast usage.

Keywords: massive MIMO, antenna, cellular data, mobile network, wireless communica-
tion.

Introduction. MIMO - Multiple-input multiple-output. MIMO technology is be-
coming serious for wireless communications and has been incorporated into wireless
broadband standards like LTE and Wi-Fi. The more antennae the transmitter/receiver
is equipped with, the more the possible signal paths and the better the performance in
terms of data rate and link reliability [1].

MIMO system has multiple antennae at the transmitter/receiver side to trans-
mit multiple data streams at the same time in wireless communication systems. A
massive MU-MIMO network is depicted in Fig. In theory, it is shown that with a large
number of antennae, the system can improve its performance significantly in terms of
data rate, capacity, link reliability and the radiated energy efficiency. In the MIMO
technology, the first conventional point to point MIMO is developed, after that multi-
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user MIMO is developed. Multi-user MIMO provides many advantages over point to
point MIMO, but it has some disadvantages like requiring a roughly equal number of
Base station antennae and terminals and also it is not a scalable technology. So, due to
these problems after the multi-user MIMO, the Massive MIMO (also known as Large
Scale MIMO) is developed which gives huge advantages over the point to point
MIMO and the multi-user MIMO [2].

Fig. A Massive MIMO system

Massive MIMO. Standard MIMO networks use two or four antennae to trans-
mit/receive data. Massive MIMO is a MIMO system with a large humber of antennae [3].
Every antenna element requires an RF chain which consists of amplifiers, analog to
digital converter/digital to analog converter, mixers, filters, etc, which are very expen-
sive [4]. A large-scale base station antenna means a large number of RF chains. Hence
the size, hardware complexity and cost of the system is much increased and also more
power consumption occurs, more signal processing is required. The solution is the
antenna selection technique. In this technique, instead of using all antennae, some op-
timal set of antennae is selected based on some selection criteria. The selection criteria
can be maximization of capacity, minimization of bit error rate, maximization of sig-
nal to interference plus noise ratio or maximization of energy efficiency. With a cer-
tain number of RF chains and more antennae than that, antenna selection improves the
system performance by exploiting the spatial selectivity, as the subset of antennas with
the best channel conditions is selected and switched to the RF chains [5]. Hence, by
using the antenna selection technique, the cost, hardware complexity and size decrease
and at the same time the system performance will also be maintained.

Asymptotic arguments based on random matrix theory [6] demonstrate that the
effects of uncorrelated noise and small-scale fading are eliminated, the number of us-
ers per cell are independent of the size of the cell, and the required transmitted energy
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per bit vanishes as the number of antennae in a MIMO cell grows to infinity. Multi
MIMO systems can obtain the promising multiplexing gain of massive point-to-point
MIMO systems while eliminating problems due to unfavorable propagation environ-
ments. Consider a Multi MIMO system with L cells, where each cell has a K-served
single-antenna user and one BS with N antennae. Denote the channel coefficient from
the (-th user in the -th cell to the ,-th antenna of the j-th BS as h;y,,, which is equal to
a complex small-scale fading factor times an amplitude factor that accounts for geo-
metric attenuation and large-scale fading [7]:

Nikin=Gikin ¥ ik, (1)
where Qi i, and dix, represent complex small-scale fading and large-scale fading
coefficients, respectively. The small-scale fading coefficients are assumed to be
different for different users or for different antennae at each BS, while the large-scale
fading coefficients are the same for different antennae at the same BS, but are user-
dependent. Then, the channel matrix from all K users in the |-th cell to the ;-th BS
can be expressed as:
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Consider a single-cell (L = 1) MU-MIMO system with K single-antenna users
and a BS with N antennae. For simplicity, the cell and the BS indices are dropped
when single-cell systems are considered.

In reality, MF-based non-cooperate massive MIMO systems could in principle
achieve a data rate of 17 Mb/s for each of 40 users in a 20 MHz channel in both the
uplink (reverse link) and downlink (forward link) directions, with an average through-
put of 730 Mb/s per cell and an overall spectral efficiency of 26.5 bps/Hz. Since the
number of antennas at the BS is typically assumed to be significantly larger than the
number of users, a large number of degrees of freedom are available and can be used
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to shape the transmitted signals in a hardware-friendly way or to null the interference
[8]. To make such a system practical, algorithms for massive MIMO systems are re-
quired to keep the complexity low.

Comparative analysis of the MU-MIMO and Massive MIMO. Massive MIMO’s
key benefit is not only the high number of antennae. The Massive MIMO concept is
the way to deliver the theoretical gains of MU-MIMO under practical circumstanc-
es. The main differences between the MU-MIMO and the Massive MIMO are de-

scribed bellow [9]:

Table

Comparison of the MU-MIMO and the Massive MIMO

Function

MU-MIMO

Massive MIMO

Relation between num-
ber of BS antennae (N)
and users (K)

N = K, both have a small num-
ber.

N > K, both can have a huge
number.

Duplexing mode

Designed to work with both
time-division duplex and fre-
quency-division duplex opera-
tion.

Designed for time-division
duplex operation to exploit
channel reciprocity, of course
work with FDD too.

Channel acquisition

Based on codebooks with set of
predefined angular beams.

Based on sending uplink pilots
and exploiting the channel
reciprocity.

Link quality after
precoding/combining

Varies over time and frequen-
cy, due to frequency-selective
and small-scale fading.

No variations over time and
frequency, because of channel
hardening.

Resource allocation

The allocation must change
rapidly to account for channel
quality variations.

The allocation can be planned
in advance since the channel
quality varies slowly.

Cell-edge performance

Good when BSs are cooperate.

Cell-edge SNR increases pro-
portionally to the number of
antennae, without causing
more inter-cell interference.

Massive MIMO Benefits. The benefits of the Massive MIMO are described be-

low:

e The Massive MIMO has excellent spectral efficiency, achieved by spatial
multiplexing of many terminals in the same time-frequency resource. Effi-
cient multiplexing requires channels to different terminals to be sufficiently
different, which has been shown to hold, theoretically and experimentally,
in diverse propagation environments. MIMO works well in line-of-sight as
in rich scattering [10].

e It has superior energy efficiency, by virtue of the array gain, that permits to
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reduce the radiated power. Moreover, the ability to achieve excellent per-
formance while operating with low-accuracy signals and linear processing
further enables considerable savings.

Increases the capacity 10 times or more. Because in the Massive MIMO,
the base station is equipped with a large number of antennae, using this
large number of antennae, different independent data streams can be sent
simultaneously. This is called spatial multiplexing, and by using this spatial
multiplexing, capacity increases in the Massive MIMO [11].

Improves the system reliability because in the Massive MIMO there are
multiple antennae, so a multiple path is available for the radio signal.

The Massive MIMO can be built with inexpensive, low-power components.
With the massive MIMO, expensive, ultra-linear 50 Watt amplifiers used in
conventional systems are replaced by hundreds of low cost amplifiers with
output power in the milli-watt range.

Provides a significant reduction of latency on the air interface. The perfor-
mance of wireless communication systems is degraded by fading. Fading is
caused by interference between multipath waves which arrive at the receiv-
er at slightly different times. Due to fading it is hard to build low-latency
wireless links. The Massive MIMO depends on the law of large numbers
and beam forming to avoid fading, hence fading does not limit latency.

The Massive MIMO simplifies the multiple-access layer. In the Massive
MIMO, each terminal can be given the whole bandwidth, which eliminates
the need for frequency-scheduling.

Increases the robustness to intentional jamming. Due to the insufficiency of
bandwidth, spreading information over frequency is not realizable; the solu-
tion of this problem is to use multiple antennae. The Massive MIMO pro-
vides many excess degrees of freedom that can be used to cancel signals
from intentional jammers.

Conclusion. Massive MIMO can increase broadband services in the future, and
more. Networks like 5G are expected to support a great variety of wireless services in
areas ranging from infotainment to healthcare, 10T, smart homes and cities, manufac-
turing, and many others. Massive MIMO technology bespoke to support a massive
number of Massive Machine Type Communication (MTC) devices. Also, it is an ex-
cellent candidate to realize Ultra Reliable Communication as it can set up very robust
physical links.
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Wuop poowjhtu gwugh hhduwlwu twwwnwlp gwulwugws ghppbinujwd pwnuwpnid
gbipwpwg Yww wwwhnybju £: Lbpluwihu poowht pwquiht Yuwywuubipp sku Yuwpnnuunwd
owpniuwlwpwp  pwpdpwgubp  wdjwubph  thnfuwugdwt/punniudwt wpwagnienlun:
Rwugywdwihu MIMO-Uu ubipywynwiu 6 3<g-hg gwdn phghwlwu 2tpinh wnwyb| gpwyhs
wbuuninghwt £ wywqw wuwp Yuwwh hwdwp: <hduwlwu hwulugnieniup pwquhu
Yuwjwuubpnd ¢ wbhwdwpwiht  Jwunwlubph  oguwgnpdnuit £ dhwdwdwlwy
pwquwpehy huptwjwp wbpdhuwubph Ywwu wwwhnybine hwdwp: Rwugudwihu pwnp
Ytipwpbipnud £ db6§ pwuwynipjudp wunbuwubpht, wy ng pb $hghlwywt swihtphu, npunbin
withwywpwjht nnntiph gnpdnuutiphg dtyh 2 9<g whpnypnu Gplwyph ptubnwgyws 200
wwppbipny Ytu wihph Gplwpnigjwdp ninnuityniuwél ninntiph switup Yugdn £ 1.5 x 0.75
dtinnp: Lbphuwywgywsd Gu quugywdwihu MIMO-h gnpdnnnipjniup dwdwuwlwhwéwfuwihu
pwdwudwt nbdhdnw b guwdp wihpwiht Yuwwh hwdwwywwwuluwunygntup gwdp W pwpép
wihpwht  Ywwh thnfuwgnbignipjwt  nunhnhwnnpnuwywunigjwoup:  Uwutwynpwwbiu,
pwqwiht Ywjwut oguwgnpdnud £ wihpubip, npnup dtinp Gu pbipynd pwpdp wihpwihu
Ywnpqwynphsubiphg'  thnfuwtigywé  wbpdhuwiubphg'  wihpp  Gpynt  ninnnuegniutipny
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Yuwpnwint hwdwp: Wu hwinynipiniup quugqudwihu MIMO-u nwpauntd £ hwdwwnbinbih dbé
pwuwyny pwqwiht Yuwywuubph wuwmbuwubph htw: Pwquiht Yujwuubpp quugqudwihu
MIMO-nwi gnpdnud Bu wulwhe' sypubing b sthnfuwugbing widjwiubpp Ywd wihph yhdwyh
dwuhtu wbnbynyyniup wy wwppbiph: Stpdhuwubph Gquyh W hwpnwwn  wwpwdynn
pwuwhubipu ognwgnnpdynid Gu fubjwgh quugywédh Jepwdowydwdp'
gbhpwpunwnpnnuywunygywu  hwutbint hwdwn: Ueplwjugyws Gu quugyudwihu MIMO
hwidwlwpgh wnwybnyeyniuubpp b swhwagnpédw Ywutuwwmbunwiubpp:

Unwugpuypti pwnbp. qwugwdwihu MIMO, wuwnbuw, poowihtu wyjwubp,
swndwlwu guug, wiujwp Yuw:

AHAJIN3 DPPEKTUBHOCTHU U ITPOI'HO3 DKCIUIYATAIIMA
MACCHUBHOM CUCTEMBI MIMO

K.T. Axonsin, JI.T'. Kupakocsin, A.M. MoMIxKsiH

CeroHsIIHAS IIETb B COTOBOM CETH - UMETh BBICOKOCKOPOCTHYIO MOOWIBHYIO Tepenady
JAHHBIX B JIIOOBIX IJIOTHBIX TOPOJCKUX paiioHax. B Hacrosimiee Bpemsi cOTOBBIE 0a30BbIC
CTaHIIMW HE MOTYT MOCTOSHHO YBEJIUYUBATH CKOPOCTHU Iepelauu/IpuemMa JaHHbIX. MaccuBHas
cucreMa MIMO sBnsiercss Hanbonee MPHUBICKATSIFHONH TEXHOJOTHEH (H3MYECKOTO YPOBHS
Hmwke 6 [Ty nana Oyaymero OecmpoBomnoro poctyma. OcHoBHas KoHuemius MIMO
3aKJIF0YAETCS B HCIIOJNB30BAHMM OOJIBIIMX AHTEHHBIX PEHIETOK Ha 0a30BBIX CTAHIUAX IS
OJTHOBPEMEHHOTO  OOCITY)KMBaHHS MHOXKECTBA aBTOHOMHBIX TepMHHaNI0B. KirtoueBoit
KOHIIETIIMEH SBIsIETCSl OCHalIeHHe O0a30BOM CTaHIMHM MacCHBaMH M3 MHOXKECTBA aHTEHH,
KOTOpBIE HCIOJB3YIOTCS [UIi OJHOBPEMEHHOTO OOCIY)XKMBaHHsS MHOXECTBA TEPMHHAIOB B
OJJTHOM M TOM K€ YaCTOTHO-BPEMEHHOM pecypce. B craThe ClOBO “MacCHBHBIA” OTHOCHTCS K
KOJIMYECTBY AaHTEHH, a He K (u3nueckuM pa3Mmepam, TJ€ AHTEHHBIE PELICTKH HMEIOT
npuBJieKarenbHble GopM-hakTopel: B nojoce 2 /1y npsMOyroibHas MaTpula ¢ pa3HeCeHUEM
Ha TOJIOBUHY JUIMHBI BOJHBL U 200 sjeMeHTaMM ¢ JBOMHOW MOJISIpU3aUMEN UMEET LUUPHUHY
okono 1,5*%0,75 m. Tloka3ana pabora maccuBHOW cucrembl MIMO B IyIiieKCHOM pexXume c
BPEMEHHBIM pa3JieleHueM. Y CTAaHOBJICHO, YTO AJIs (POPMHUPOBAHUSA JTyda HUCXOMAAIICH JTHHUU
CBSI3M WUCIIONIB3YeTCS B3aUMOJACHCTBHE BOCXOMAINEH W HUCXOMSIIEH JIMHUHA  CBS3H
pacnpocTpaHeHHsT paauoBoJIH. B "acTHOCTH, MaccuB 0a30BOH CTaHIMM HCIIOIB3YET OLEHKH
KaHajla, MOJY4YCHHbIE W3 MIJIOT-CUTHAJIOB BOCXOMAIIEH JIMHUM CBA3M, IepeJaBaeMbIX
TEepMHHAJIAaMH, YTOOBI y3HAaTh KaHaJl B 00OMX HaINpaBJICHHUsIX. DTO JieflaeT MaCCUBHYIO CHCTEMY
MIMO noJHOCTBIO MacIITA0MPYeMOH IO OTHOIICHWIO K KOJMYECTBY aHTEHH O0a30BOM
ctanimy. ba3oBele cTaHIMK B MaccuBHOM cucteme MIMO paboTaroT aBTOHOMHO, 0e3 oOMeHa
JAHHBIMH TIOJIE3HOM HAarpy3KH WM WHPOPMAaLNeH 0 COCTOSHUH KaHaJla ¢ IPYTHMHU sSYEeHKaMH.
Boratble M yHUKaNbHBIE CHTHATYphl paclpOCTpPaHEHUS TEPMUHAJIOB HCIOJB3YIOTCS C
WHTEIIJIEKTyallbHOW 00paboTKOW B MaccWBe IS JOCTH)KCHHS TPEBOCXOJIHOW TMPOMYCKHON
crocoOHOCTH. B cTaThe mpeacTaBieHsl aHaIN3, MPEUMYIIEeCTBa MacCHBHOM cuctemsl MIMO u
JIaeTCsl MPOTHO3 HKCILTyaTal[UH.

Kniouesvie cnosa: maccusHas cuctema MIMO, aHTeHHA, COTOBBIE JaHHbBIC, MOOMIIbHAS
CeTh, 0ECIIPOBOIHAS CBS3b.
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