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ABSTRACT: Massive MIMO, also known as very-large MIMO is an emerging technology in wireless communication 
that increases capacity largely compared to MIMO systems. With Massive MIMO, multi-user MIMO (MU-MIMO) has 
been considered where a base station is equipped with a large number (say, tens to hundreds) of antennas and that 
serves many single-antenna users in the same time-frequency resource. However, multiple antennas require multiple 
RF chains which consists amplifier, mixer, ADC, filter, etc. So due to multiple RF chains, cost and hardware 
complexity of the system is increased. Hence in order to reduce cost and hardware complexity, antenna selection 
techniques is used that minimizes the complexity with nearly same capacity. This paper presents different antenna 
selection schemes for Massive MIMO system. Simulation result depicts the effect of antenna selection on the 
performance of Massive MIMO system. 
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I. INTRODUCTION 
 
MIMO system has multiple antennas at the transmitter and receiver side to transmit multiple data streams 

simultaneously in wireless communication systems. In theory, it is shown that with a large number of antennas, system 
can improve performance significantly in terms of data rate, capacity, link reliability and radiated energy efficiency. In 
MIMO technology, first conventional point to point MIMO is developed, after that multi-user MIMO is developed. 
Multi-user MIMO provides many advantages over point to point MIMO, but it has some disadvantages like it roughly 
requires equal number of Base station antennas and terminals and also it is not a scalable technology[2]. So due to these 
problems after multi-user MIMO, Massive MIMO (also known as Large Scale MIMO) is developed which gives huge 
advantages over point to point MIMO and multi-user MIMO.  

 
 Massive MIMO have hundreds of Base station antennas. However every antenna element requires RF chain which 

consist of amplifiers, analog to digital converter/digital to analog converter, mixers, filters, etc., that are very 
expensive[5]. Large scale base station antenna means large number of RF chains. Hence size, hardware complexity and 
cost of the system is much increased and also more power consumption occurs, more signal processing required. For 
this problem, the solution is antenna selection technique. In this technique instead of using all antennas, some optimal 
set of antennas is selected based on some selection criteria. The selection criteria can be maximization of capacity, 
minimization of bit error rate, maximization of signal to interference plus noise ratio or maximization of energy 
efficiency. With a certain number of RF chains and more antennas 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 [6]. Hence by using antenna selection technique cost, hardware complexity and size is 
decreased and at the same time system performance will also be maintained. 

 
 This paper is organized as follows. Section II provides the related work completed so far. The next section provides 

overview of Massive MIMO system. The section IV presents antenna selection in Massive MIMO system. Section V 
provides the simulation result and the next section presents conclusion of the paper.  

II. RELATED WORK 
 
Antenna selection techniques have large literature. However, most of the work is done for selection of antenna in 

MIMO system or OFDM based MIMO system. Antenna selection has been studied for conventional MIMO with a 
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small number of antennas, such as in [1]. The paper [5], shows an adaptive algorithm for antenna selection in MIMO in 
which the best subset of antenna is selected to maximize the channel capacity. To the best of our knowledge, very few 
research work has been done for antenna selection in Massive MIMO system. Here different antenna selection methods 
for Massive MIMO system are presented. 

 
In [2], an energy efficient antenna selection algorithm based on convex optimization for Massive MIMO system has 

been given. In that selection criteria is to maximize the energy efficiency. For that one condition is given that is, if the 
channel capacity of the cell is larger than a certain threshold then the number of transmit antennas, the subset of 
transmit antennas and servable mobile terminals are jointly optimized to maximize energy efficiency. In that, 
simulation result shows antenna selection using given algorithm shows better performance comparing with no antenna 
selection and also simulation result shows energy efficiency for different value of pct (power consumption by each 
transmit RF chain). In that they concluded that for small values of pct, maximum energy efficiency can be obtained. 

 
In [3], one system model is given for antenna selection in Massive MIMO system. This system model uses channel 

capacity equation to make a search for only the first optimum antenna and does not need an exhaustive search to find 
the remaining optimum antennas. It is necessary to send the channel state information (CSI) about the selected column 
vectors of the channel from the receiver to transmitter as a part of model requirement. This method reduces the 
complexity of exhaustive search significantly. The given system model shows optimum results for two selected 
antennas and quite good results if the number of selected antennas is three or more.  

 
In [6], transmit antenna selection is given in the downlink of Massive MIMO system. In this selection criteria is to 

maximize the capacity. In this transmit antenna selection is applied on two types of large antenna array, one is compact 
cylindrical array and second is large linear array. In this convex optimization is used for selecting the antenna subset 
that maximizes the capacity in the downlink. With the antenna selection, the performance of cylindrical array is 
significantly increased, which without this antenna selection shows lower performance than the linear array. 

 
In [8], a novel antenna selection combining scheme is given for Massive MIMO system. In that the effect of spatial 

correlation and imperfect channel estimation is considered. The basic purpose is to reduce the effective number of 
antennas without degrading system performance. In that antenna selection vector is computed by using orthogonal 
matching pursuit algorithm. In that simulation result shows that given scheme has closely approached the same 
performance as the well adopted MRC scheme but requiring less number of antennas. So by using this scheme, cost 
and hardware complexity of the system is reduced. Here one limitation is that the given scheme is for single user 
system not for multi user system. 

III. OVERVIEW OF MASSIVE MIMO SYSTEM 
 
Massive MIMO is an emerging technology that scales up MIMO by possibly orders of magnitude [3]. In MIMO 

system Base Station (BS) having tens of antennas while in Massive MIMO Base station having hundreds of antennas. 

 
Fig.1. Massive MIMO system [11] 

 
Some benefits of a Massive MIMO system are: 

 Massive MIMO can increase the capacity 10 times or more [4]. Because in Massive MIMO, Base station is 
equipped with large number of antennas, using this large number of antennas, different independent data 
streams can be sent simultaneously. This is called as spatial multiplexing and by using this spatial 
multiplexing, capacity increases in Massive MIMO. 
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 Massive MIMO improves the energy efficiency [4]. Fig.2 shows, with more antennas, the base station can 
focus its emitted energy into the spatial directions where it knows that the terminals are located. 

                                            
Fig.2. Single antenna transmission and Multi antenna transmission [12] 

 
 Massive MIMO improves system reliability because in Massive MIMO there are multiple antennas, so 

multiple path is available for radio signal. 
 

 Massive MIMO can be built with inexpensive, low-power components [4]. With 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. 
 

 Massive MIMO provides a significant reduction of latency on the air interface. The performance of 
wireless communication systems is degraded by fading. Fading is caused by interference between 
multipath waves which arrive at the receiver at slightly different times. Due to fading it is hard to build 
low-latency wireless links. Massive MIMO depends on the law of large numbers and beam forming to 
avoid fading, hence fading does not limits latency [4]. 
 

 Massive MIMO simplifies the multiple-access layer [4]. In Massive MIMO, each terminal can be given the 
whole bandwidth, which eliminates the need of frequency-scheduling. 
 

 Massive MIMO increases the robustness to intentional jamming. Due to the insufficiency of bandwidth, 
spreading information over frequency is not realizable; the solution of this problem is to use multiple 
antennas. Massive MIMO provides many excess degrees of freedom that can be used to cancel signals 
from intentional jammers [4]. 

 
Some limiting factors of Massive MIMO are: 

 Channel reciprocity problem occurs in Massive MIMO. The hardware chains in the base station and 
terminal transceivers may not be reciprocal between the uplink and the downlink [4]. 
 

 Pilot Contamination is a big problem in Massive MIMO. The effect of re-using pilots from one cell to 
another, and the associated negative consequences, is termed “pilot contamination”. Pilot contamination as 
a basic phenomenon is not really specific to massive MIMO, but its effect on massive MIMO appears to be 
much more profound than in classical MIMO [4]. 
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IV. ANTENNA SELECTION IN MASSIVE MIMO SYSTEM 
 
This figure shows transmit antenna selection in multi-user Massive MIMO system. 

 
Fig. 3. System model of a MU-MIMO system in the downlink [6] 

 
In this, Downlink operation is performed for multi-user Massive MIMO system. Base station contains M transmit 

antennas and N RF chains. Here Base station is serving K single antenna users simultaneously (K≤N≤M). Here the 
channel is assumed to be an AWGN channel.  Perfect channel state information (CSI) over all the antennas is assumed 
to be known here. Base on the CSI, the “best” N antennas are selected out of the M antennas according to some 
criterion [5]. Selection criterion can be maximization of capacity, minimization of BER or maximization of energy 
efficiency. These N antennas are then connected to the N RF chains through the RF switch. 

 
Received signal is given by following equation(1) [8]: 

                                                                       y = hx + v                                                         ..........(1) 
 

Here h represents channel vector, x represents transmitted symbols and v is the AWGN (Additive white Gaussian 
noise) vector. 

Channel capacity is computed from the following equation [3]: 
                                                     c = log2 det (I+ ாೞ

ே௏బ
 ு)                                          ...........(2)ܪܪ

 
Here Es represents total transmitted power, N represents number of selected antennas, V0 represents noise power and 

H is the channel matrix. 
Bit Error Rate (BER) can be computed from error signal which is given by [8]: 
                                                                          e = x-ℎ௦,௜

ு (hix +v)                                                   ...........(3) 
 
From error signal, Mean Square Error is computed as, 
                                                                               MSE = E[||e||2]                                                  ...........(4) 
 
After simplified equation (4), we get the expression of MSE as [8], 
                                       MSE=ߪ௫ଶ −	ℎ௦,௜

ு ℎ௜ߪ௫ଶ − ௫ଶℎ௜ுℎ௦,௜ߪ + ℎ௦,௜
ு ௫ଶℎ௜ℎ௜ுℎ௦,௜ߪ +  ெℎ௦,௜             ...........(5)ܫ௩ଶߪ	

 
Here, ℎ௦,௜

ு 	is the antenna selection vector, hi is the complex channel vector, ߪ௫ଶ is the transmitted power and ߪ௩ଶis the 
noise power. 
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V. SIMULATION RESULT 
 
In this we have shown results of capacity and bit error rate using antenna selection. For finding capacity, channel 

capacity equation is used. 
Table 1. Simulation Parameters 

 
Parameter Value 

Number of Transmit antenna(NT) 100 

Number of Receive antenna(NR) Showing results for values 1,3,5 and 10 

Signal-to-Noise Ratio Range of 0 to 10 

Noise AWGN 

 
 

 
Fig. 4. Capacity of sub optimally selected antennas 

 
Figure 4 shows the channel capacity over the different SNR values. Here we take four different values of NR that is 

1,3,5 and 10. From the figure, we can say that as SNR increases then capacity increases and also as value of NR 
increases then capacity also increases. For NR=10, we obtain maximum capacity. From these result, we can say that for 
more number of receiver antennas, we get maximum capacity. 
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Fig. 5. BER of sub optimally selected antennas 

 
Figure 5 shows the Bit Error Rate performance for different SNR values ranging from 0 to 10. Here we consider 

BPSK, QPSK, 8 PSK and 16 QAM modulation schemes for digital signals. From the figure we can say that as SNR 
increases then BER decreases.  In these four schemes BPSK gives minimum Bit Error Rate means BPSK gives 
optimum results compared to other three schemes. 

VI. CONCLUSION 
 
In this paper we have presented how antenna selection is performed in Massive MIMO system. Massive MIMO 

offers all the advantages of MIMO system in larger scale. However, due to multiple antennas at the base station, 
multiple RF chain is required. So cost, hardware complexity and size of the system is much increased. To solve this 
problem, antenna selection is required in Massive MIMO system. Here we reviewed different antenna selection 
technique considering different criterion i.e.,channel capacity and bit error rate. It shows that more number of antennas 
the receiver is equipped with, better performance is achieved in terms of capacity that can be seen from simulation 
result. Simulation result also shows bit error rate performance for different modulation scheme. BPSK gives better BER 
performance than QPSK and QAM Modulation schemes. 
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