
37 

 

 

Proceedings  of  NPUA: Information Тechnologies, Electronics, Radio engineering. 2019. № 1. 

UDC 62-50 

EFFICIENCY ANALYSIS AND FORECAST OF THE USE OF THE 

MASSIVE MIMO SYSTEM 

K.T. Hakobyan
1
, L.G. Kirakosyan

1
, A.M. Momjyan

2
 

1National Polytechnic University of Armenia 
2Synopsys Armenia CJSC 

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-



38 

 

Fig. 1 Massive MIMO 

system [2] 

Fig. A Massive MIMO system 

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]. 

 

 

 

 

 

 

 

 

 

Massive MIMO. Standard MIMO networks use two or four antennae to trans-

mit/receive data. Massive MIMO is a MIMO system with a large number 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 k-th user in the l-th cell to the n-th antenna of the i-th BS as hi,k,l,n , 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]: 

hi,k,l,n = gi,k,l,n di,k,l ,                 (1) 

where gi,k,l,n and di,k,l  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   l-th cell to the   i-th BS    

can be expressed as:  

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 

where 

 

, 

. 
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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: 

 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]. 

 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, IoT, 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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АНАЛИЗ ЭФФЕКТИВНОСТИ И ПРОГНОЗ ЭКСПЛУАТАЦИИ 

МАССИВНОЙ СИСТЕМЫ MIMO 

К.Т. Акопян, Л.Г. Киракосян, А.М․ Момджян 

Сегодняшняя цель в сотовой сети - иметь высокоскоростную мобильную передачу 

данных в любых плотных городских районах. В настоящее время сотовые базовые 

станции не могут постоянно увеличивать скорости передачи/приема данных. Массивная 

система MIMO является наиболее привлекательной технологией физического уровня 

ниже 6 ГГц для будущего беспроводного доступа. Основная концепция MIMO 

заключается в использовании больших антенных решеток на базовых станциях для 

одновременного обслуживания множества автономных терминалов. Ключевой 

концепцией является оснащение базовой станции массивами из множества антенн, 

которые используются для одновременного обслуживания множества терминалов в 

одном и том же частотно-временном ресурсе. В статье слово “массивный” относится к 

количеству антенн, а не к физическим размерам, где антенные решетки имеют 

привлекательные форм-факторы: в полосе 2 ГГц прямоугольная матрица с разнесением 

на половину длины волны и 200 элементами с двойной поляризацией имеет ширину 

около 1,5*0,75 м. Показана работа массивной системы MIMO в дуплексном режиме с 

временным разделением. Установлено, что для формирования луча нисходящей линии 

связи используется взаимодействие восходящей и нисходящей линий связи 

распространения радиоволн. В частности, массив базовой станции использует оценки 

канала, полученные из пилот-сигналов восходящей линии связи, передаваемых 

терминалами, чтобы узнать канал в обоих направлениях. Это делает массивную систему 

MIMO полностью масштабируемой по отношению к количеству антенн базовой 

станции. Базовые станции в массивной системе MIMO работают автономно, без обмена 

данными полезной нагрузки или информацией о состоянии канала с другими ячейками. 

Богатые и уникальные сигнатуры распространения терминалов используются с 

интеллектуальной обработкой в массиве для достижения превосходной пропускной 

способности. В статье представлены анализ, преимущества массивной системы MIMO и 

дается прогноз эксплуатации. 

Ключевые слова։  массивная система MIMO, антенна, cотовые данные, мобильная 

сеть, беспроводная связь. 


