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Abstract – With high data demands for mobile networks, massive multi-input multi-output (MIMO) systems 

(MMS) has been recognized as a promising technology. The MIMO systems suffer from pilot contamination as 

a result of sharing non-orthogonal pilots among users. This paper presents a comparative analysis of various 

techniques for preventing pilot contamination in MIMO systems.  We initially brief about the broad categories 

of approaches for pilot decontamination in MMS. A comparison and analysis of existing approaches is used to 

examine the impact of pilot contamination on the performance and achievable rates of massive MIMO systems. 

Important concepts of various decontamination techniques are also highlighted. PD schemes addresses and 

solves the contamination problem significantly and offer various advantages at appropriate levels. 

 

Index Terms - pilot contamination, massive MIMO, multicell, 5G Wireless Communication 

 

INTRODUCTION 

Smart terminals, such as smart phones, computers, and tablets, require multimedia services that are quick and 

easy to use. Over the past few decades, there has been a significant demand for faster data rates for wireless 

communications [1]. To guarantee the quality of service demanded by mobile applications, the capacity of 

wireless communication networks must be increased. By utilizing various degrees of freedom, such as time and 

frequency, significant advancements have been made throughout the most recent mobile generation of systems. 

However, the trend is currently to use several antennas at both transmitter and receiver ends so that spatial 

dimensions can be investigated and the channel features can be further used to fulfil the current service 

requirements of the market [2]. This method is frequently known as Multiple-Input-Multiple-Output (MIMO). 

One of the important 5G technologies is massive MIMO system, which significantly increases 

connection density, spectrum efficiency, and channel capacity by deploying a huge number of antennas at the 

base station (BS). 

 

TABLE I 

ACRONYMS 

 

Acronyms  Terms 

2D-SCE two-dimensional smoothed channel estimation method 

BS Base station 

BT-PCP beamforming training pilot contamination precoding 

DR Data rate 

ES-PA efficient sectorization-based pilot allocation 

MIMO Multi-input, multi-output 

MMS Massive Multi-input, multi-output systems 

MMSE Minimum mean squared error 
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PC Pilot Contamination 

PD Pilot Decontamination 

PRS pilot reuse sequence 

SR Sum rate 

SE spectral efficiency  

SINR Signal-to-interference-plus-noise ratio 

 

In order to conserve bandwidth, the same pilot sequences are frequently assigned to users in various cells, which 

creates the issue of pilot contamination. The inter-cell interference caused by pilot contamination severely 

restricts the system capacity as the number of BS antennas reaches infinity. Pilot pollution is becoming one of 

the key causes of performance degradation in huge MIMO systems [3].   

 

Fig.1 demonstrate the situation of two cells I and II, where users U1,1 and U2,1 are the first users of respective 

cells. Let Hi,j,k be the channel representation from the ith base station to user Uj,k. If U1,1 and U2,1 sends the pilot 

to respective base stations simultaneously with the same pilot sequence, a base station in each cell will receive 

the pilot sequence from both U1,1 and U2,1 to give h = h1,1,1+h1,2,1. Therefore, the targeted signal from a user may 

get be contaminated by that from another.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

FIGURE 1 

PILOT CONTAMINATION IN TWO CELLS 

 

 

MMS’ current pilot contamination reduction strategies majorly fall into three categories:  

 Channel estimation,  

 Precoding, and  

 Pilot assignment and scheduling 

 

CHANNEL ESTIMATION BASED TECHNIQUES 

[4] has proposed a multi-cell MMSE-based precoding that is dependent on the user-assigned training set of 

sequences. Such schemes are suitable for maximizing the lowest rates that all users may attain. This precoding 

can be used in conjunction with power control, scheduling, and other similar strategies where the performance 

metric is sum rate. The precoding matrix is given by (1). This precoding technique reduces inter- and 

intracellular interference [4]. 

 

 

Cell-1 

U1,1 

Cell-2 

U1,2 
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TABLE I 

COMPARISON OF VARIOUS TECHNIQUES FOR PILOT CONTAMINATION IN MASSIVE MIMO SYSTEMS 

 

Reference  Category Approach Advantage 

[4] Precoding multi-cell MMSE-

based precoding 

significant performance gains over 

single-cell precoding methods. 

[5] Channel Estimator coordinated pilot 

assignment 

Near interference-free 

  2D-SCE eliminates pilot contamination, lesser 

pilot overhead,  

[6] Channel-

Estimation 

pilot design-based 

channel estimation 

using Chu sequences 

with perfect auto-

correlation 

outperforms random pilot method and 

equivalent to the exhaustive search 

method 

[7] Precoding beamforming training 

pilot contamination 

precoding (BT-PCP) 

higher spectral efficiency than the 

conventional Pilot contamination 

precoding 

[8] minimum-weight 

multi-index 

assignment 

SPR scheme, minimum uplink SINR 99% 

 Pilot Assignment SPR minimum uplink SINR 75% 

 Pilot Assignment SPA scheme minimum uplink SINR 56% 

 Pilot Assignment PA scheme minimum uplink SINR 14% 

[9] Pilot Scheduling asynchronous 

fractional pilot 

scheduling scheme 

(AFPS) 

Minimum pilot overhead and inter-cell 

interference (ICI) 

[10] Pilot Scheduling edge weighted 

interference graph 

(EWIG) 

improves SE and SR of the overall 

system by using HOS 

 

 

[11] Channel 

Estimation 

estimation of large-

scale fading and 

performance analysis 

of maximum ratio 

transmission and zero 

forcing precoding 

improved channel estimation and 

reducing performance loss, a high DR 

 

[5] used a virtual channel representation using a two-dimensional smoothed channel estimation method (2D-

SCE), which can jointly predict the multi-user channels of the target cell and the interference links from 

neighboring cells by avoiding pilot contamination.  The predicted channel is given by (2), 

 

Ĥ j = ( Ĝ AR)T                            (2.a) 

Ĝ = X†Y(AR)†                           (2.b) 
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G denotes the coupling gain from a terminal to the virtual receive angle and AR represents a unitary discrete 

Fourier transform matrix.  This technique potentially eliminates pilot contamination-related performance 

limitation and requires lesser pilot overhead than the classical least square (LS) technique. 

 

To enhance the performance of the system, [6] introduced the pilot assignment and pilot design-based channel 

estimate scheme to undertake an exhaustive search strategy using large-scale properties of fading channels.  

 

The estimated channel matrix is given by (3) as, 

 

𝐺 =
𝛼

𝛼 +
𝜎2𝐾
𝑀𝜏𝑝

(𝐺 +
𝜑𝑁

𝜏√𝑝
)                                                      (3) 

 

In the next section we analyses PD scehemes based on precoding. 

 

PRECODING-BASED TECHNIQUES 

Different precoding matrices are used in precoding-based PD schemes. For example, [4,7] have used the 

precoding matrix given by the following equation (4), 

 

𝑊𝑙 = 𝛼𝑙𝐺𝑙𝑙ℂ𝑁×𝐿                                                              (4) 
                                                              

where, 𝐺 is a channel matrix of cell l for N antennas and L users. 

 

Based on the estimation of large-scale fading and performance analysis of maximum ratio transmission and zero 

forcing precoding, [11] have proposed an estimation method with information of large-scale fading and 

performance analyses of maximum ratio transmission and zero forcing precoding. As the number of antennas 

goes higher and higher to infinite, pilot reuse sequence (PRS) is assigned to a user grouping to mitigate this 

problem, resulting in lower bounds on downlink DR and SINR ratios. By improving channel estimation and 

reducing performance loss, a high DR can be achieved.  

 

The grouping used is given by (5) as, 

 

𝝋𝒋,𝒌,𝒍 = 𝒂𝒊 >  𝝉𝝁𝒊 →  {
𝒀𝑬𝑺 → 𝒄𝒆𝒏𝒕𝒆𝒓
𝑵𝑶 → 𝒆𝒅𝒈𝒆  

                                        (𝟓) 

 

Here, 𝝉 is the group parameter, 𝝋𝒋,𝒌,𝒍 channel fading, and 𝒂𝒊 is the quality of a user’s channel.  Similarly [12] 

have proposed a grouping algorithm as given in Algorithm 1 for central and edge user allocation.  

 

The equations used are given by (6) and (7) as, 

 

 

𝑈𝑐 =  
3𝑈 − 𝜖

2
                                                                           (6) 

                                                             

𝑈𝑒 =  
𝜖 − 𝑈

2
                                                                                (7) 

 

Here, 𝑈𝑐 are the number of users in center and 𝑈𝑒 denotes the set of edge users. 𝐾 are the total number of users 

in the cell and 𝜖 represents the pilot length. 
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ALGORITHM I 

CENTRAL AND EDGE USER ALLOCATION 

 

Algorithm: Central and Edge User Allocation 

 

STEP 1. Firstly, we need to make sure that the pilots in the pilot sequence set are orthogonal to one 

another 

STEP 2. Utilize equations (6) and (7) to identify the edge user Ue and the central user Uc. 

STEP 3. The central user assigns pilots in the pilot set PC at arbitrarily. 

STEP 4. A set of pilot sequence Pe1, Pe2, and Pe3 is similarly assigned to the edge users in adjacent 

cells. 

 

 

 

PILOT ASSIGNMENT TECHNIQUES 

[9] proposed a pilot assignment strategy based on the harmonic signal-to-interference-plus-noise ratio at 

asymptotes (SINR) utility function to raise the minimum SINR across all users by reducing the total SINR 

inverses of all active users over all conceivable pilot assignments given by (8) as, 

 

 

min
𝐴

 ∑  

𝑁

𝑖=1

∑  

𝐾

𝑗=1

1

SINR𝑖,𝑗
.                                                                 (8) 

 

where, i is the cell and the j is the user. 

 

The efficient sectorization-based pilot allocation (ES-PA) [10] scheme comprises two zones, namely a cell 

center zone as well as a zone on the edge of the cell, a zone with low interference and a zone with low noise, in 

order to optimize the pilot allocation.  By using smart antenna technology, edge zones are further divided into 

N uniform regions. Pilot sequences are assigned to UEs in the cell center zone due to lower inter-cell interference 

(ICI), whereas pilot sequences are allocated to UEs in the edge zone due to reduced PC.  

 

Based on simulation results, this approach effectively reduces PC strength, has a lower mean square error 

(MSE), higher data rate, and superior SE compared to conventional methods of pilot allocation. 

 

CONCLUSIONS 

In this article, we have analyzed and compared various schemes for PD. Different schemes proposed incudes 

approaches based on channel estimation, precoding, pilot assignment and scheduling. These schemes offered 

several advantages including significant performance gains over single-cell precoding methods, near 

interference-free transmission, lesser pilot overhead, outperforming over random pilot method, equivalent to 

the exhaustive search method, higher spectral efficiency than the conventional improved uplink and downlink 

SINR, minimum pilot overhead and inter-cell interference (ICI), improved SE and SR of the overall system, 

improved channel estimation and reducing performance loss, and high DR etc.  

 

These schemes are suitable in scenarios as proposed and are found to be significantly useful in pilot 

decontamination. Some limitations of theses schemes include degradation in the performance with the number 

of cell users. Also certain assumptions in obtaining the channel estimation and matrices like channel reciprocity 

does not suit well in practical scenarios, thus throwing issues in the deployment. PC remain a bottleneck for 

performance in MMS, these PD schemes addresses and solves the contamination problem significantly. 
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