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Abstract—In today’s world broadband cellular communication 

has a vast variety of applications. Some of them include HD 

video streaming, web browsing, social media and mobile 

banking. These applications provide opportunities for both 

network operators as well as consumers. Since these 

applications consume very large data, mobile operators face 

tough challenges to deliver bandwidth to the subscribers. 

Mobile operators invest profoundly to acquire bandwidth in the 

radio frequency spectrum with an aim to increase the capacity 

of wireless networks. Despite this fact, the radio frequency 

spectrum in not an infinite resource, as the whole 

telecommunication industry is battling a spectrum crisis. Hence, 

newer technologies such as LTE have evolved with an aim to 

produce higher throughput from prevailing bandwidth. 

Although LTE can deliver an increase in capacity by using the 

regular antenna systems, extensive deployment and 

optimization of Multiple-Input Multiple-Output (MIMO) 

antenna techniques can cause further increment in the data 

throughput of LTE. MIMO works the best for conditions which 

favor rich scattering, where signals bounce around the 

environment, using the radio path reflections that exist. The 

transmitter (Tx) and receiver (Rx) devices have more than one 

antenna and using the processing power available at either end 

of the link, they are able to utilize the various paths that are 

present between the two units to provide improvements in the 

data rates and signal to noise ratio (SNR). In order to achieve 

promised throughputs in LTE systems, operators must optimize 

their networks’ multipath conditions for MIMO, targeting both 

rich scattering conditions and high SNR for each multipath 

signal. Even so, MIMO antenna techniques bring along with 

them their own distinctive challenges, calling for a newer 

approach towards measurement and optimization of these 

networks. This project aims to improve the capacity of LTE 

networks by implementing MIMO technology in these networks, 

using software simulation. 

 

Index Terms—eNodeB, Evolved Packet Core (EPC), Long 

Term Evolution (LTE), Multiple-Input Multiple-Output 

(MIMO), User Equipment (UE) 

 

I. INTRODUCTION 

In the field of telecommunication, Long-Term-

Evolution (LTE) is a standard for high-speed wireless 

communication for mobile phones and data. It began as a 

project in 2004 by the telecommunication group called 

Third Generation Partnership Project (3GPP). LTE 

evolved from Universal Mobile Telecommunication 
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System (UMTS) [1], a previous 3GPP system, which had 

instead evolved from GSM (Global System for Mobile 

Communications). An altered radio interface along with 

core network enhancements is used to upsurge the 

capacity and speed.  

This technology was dubbed "Long Term Evolution" 

by 3GPP engineers as it indicates the next step (4G) in an 

evolution from a 2G standard, GSM network, to the 3G 

technologies based upon GSM, namely the UMTS. LTE 

provides considerably improved peak data-rates, which 

can go up to 100.0 Mbps for downstream and 30.0 Mbps 

for upstream, backwards compatibility with existing 

GSM and UMTS technology, scalable bandwidth 

capacity and decreased latency. It is quite possible that 

further developments could produce peak throughput of 

the order of 300.0 Mbps. 

MIMO expands to Multiple-Input Multiple-Output, 

which means that MIMO systems deploy more than one 

transmitting antenna (Tx) to send a signal on the 

unchanged frequency to more than one receiving antenna 

(Rx)[2]. MIMO technology is a comparatively newer 

feature in commercial wireless networks, while MIMO 

has been used for many years in wireless LAN networks. 

In the next generation of LTE networks, MIMO 

technology would be a regular feature. MIMO technology 

is an important part of LTE’s promise to considerably 

improve data rates and the capacity of the overall system. 

Under line of sight conditions, conventional cellular 

networks generally provide greater performance. Instead, 

MIMO works the best for conditions which favor rich 

scattering, where signals bounce around the environment. 

The objective of this project is to analyse the performance 

of various MIMO techniques in LTE networks, by 

carrying out simulations using the network software, NS-

3, [3], [4] for different environments.” 

II. NETWORK ARCHITECTURE 

The high-level network architecture of LTE is 

comprised of the following three main components: 

 The User Equipment (UE). 

 The Evolved UMTS Terrestrial Radio Access Network 

(E-UTRAN). 

 The Evolved Packet Core (EPC). 

The evolved packet core communicates with packet 

data networks in the outside world such as the internet, 

private corporate networks or the IP multimedia 

subsystem [1], [5]. The interfaces between the different 
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parts of the system are denoted Uu, S1 and SGi as shown 

below: 

 
Fig. 1. Basic LTE system  

III. THE EVOLVED PACKET CORE 

The architecture of Evolved Packet Core (EPC) has 

been illustrated below.  

A. MME (Mobility Management Equipment) 

 Handles UE mobility in IDLE mode (Using Tracking 

Area Update) 

 Maintaining UE control during RRC idle state NAS 

signaling and NAS signaling security (Non-Access 

Stratum – NAS) [6] 

 Ensures Bearer Management for UE. 

B. Serving Gateway (S-GW) Responsible for 

 Packet routing and forwarding 

 Buffers downlink data when UE in Idle Mode 

C. Home Subscriber Server (HSS): 

 Holds users’ subscription data such as QoS profiles 

 Holds information about the PDNs to which the user 

can connect 

 Holds dynamic information such as the identity of the 

MME to which the user is attached 

D. PDN Gateway (P-GW) – responsible for: 

 IP address allocation for the UEs 

 Filtering of user DL IP packets into the different QoS 

bearers 

 UL/DL service level charging, gating and rate 

enforcement according to PCRF rules [6] 

E. Policy Control and Charging Rules Function 

(PCRF): 

 Responsible for policy control decision making 

 Provides QoS authorization in accordance with user’s 

subscription profile 

 Limit abuses 

IV. METHODOLOGY 

This section primarily focuses on the problems faced 

during the execution of this project and steps taken 

complete the project. It describes in detail the 

methodology followed to achieve the objective. It 

includes details about the theoretical requirements of the 

project, the programming languages used, information 

about various software that were used for the execution of 

this project, the hurdles and obstacles that attempted to 

stunt the progress of this project as well as the steps taken 

to overcome these obstacles. The steps followed for the 

successful completion of this project are: 

A. Understanding the Core Concepts of LTE and MIMO 

 Understanding the network architecture of LTE and 

how MIMO is implemented in networks [9]. 

 Installation and configuration of ns3, as well as 

learning how to use and code in ns3 [4], [7], which is 

one of the latest software being used in the 

communication industry. 

 Installation and configuration of NetAnim, Wireshark 

and other tools which help in the analysis of the code 

and the graphical visualization of the network. 

 Installation and configuration of Eclipse, which was 

the IDE used to create and edit the code for this 

project. 

B. Configuration of Each Device in the Architecture  

 To write programs for each and every device present 

in the network and make it flexible to be used in 

different environments [10]. 

 Addition of building structures and various users in 

system to create a real-world-like scenario. 

 Simulation of the code for a large data transfer to 

ensure that the various network parameters can be 

monitored more accurately and realistically. 

Implementation of MIMO into the LTE architecture to 

measure the performance of the LTE systems. 

C. Optimization of Various Parameters  

 To understand the effect of MIMO in LTE by 

calculating different parameters related to the 

communication system, followed by comparing and 

analyzing the various output values obtained from the 

simulations for SISO and other MIMO modes [2], [8]. 

 Optimize various parameters to maximize the effect 

of MIMO and test them for different environments. 

D. Simulation Environment 

The simulation environment in which the simulations 

were carried out in the NS-3 software is defined as 

follows: 

 In NS-3 we can define the environment for different 

geographic scenarios. The environment selected for 

this project was that of an urban city. 

 Building structures were added in the environment to 

create a realistic scenario. The building structures 

implemented are commercial buildings with windows 

and different number of floors. Each floor has 

identical rooms of 3x2 dimension (in feet). 

 The simulations were carried out for 15 eNodeBs, 

with different number of users connected to the 

eNodeBs each time, varying from 20, 40 and 60 users 

respectively. For each different value of number of 

users, the simulations were carried out for different 

MIMO modes. 

The methodology hence consists of implementing the 

network architecture of LTE in the ns3 software, 

525©2019 Journal of Communications

Journal of Communications Vol. 14, No. 6, June 2019



improvising this model by incorporating the MIMO 

technology into it and then simulating the code written 

for this model using other software. Then next task of the 

project was to capture packets and traces, simulation of 

the code for different number of users along with 

different MIMO modes, calculation of various parameters 

based on the output obtained for different scenarios of the 

network, plotting graphs of the results obtained and then 

analyzing and comparing the data obtained to utilize it to 

optimize the model which in turn aims towards 

attempting to improve the efficiency. 

V. RESULT ANALYSIS 

The primary focus of this section is to present the work 

that has been completed during the course of this project. 

Here we will first view the results that have been 

obtained from the various simulation environments for 

which the simulations were performed. Then we shall 

look at all the calculations that have been used to 

compute the various parameters required to analyze the 

output obtained. Finally, we shall analyze and compare 

the different values obtained for the various parameters 

and then arrive at the conclusions. The various results 

obtained are shown below: 

 
Fig. 2(a) Graphical representation for 20 users in one eNodeB 

 
Fig. 2(b) Graphical representation for 40 users in one eNodeB 

 

 
Fig. 2(c) Graphical representation for 60 users in one eNodeB 

TABLE I: MIMO OUTPUT FOR DIFFERENT MCS VALUES 

MCS Modulation 
Coding 

Ratio 

Theoretical Data 

Rate (Mbps) 

Data Rate 

Obtained (Mbps) 

0 BPSK 1/2 6.5 5.98 

1 QPSK 1/2 13 12.02 

2 QPSK 3/4 19.5 18.89 

3 16- QAM 1/2 26 24.18 

4 16-QAM 3/4 39 36.28 

5 64-QAM 2/3 52 48.18 

TABLE II: THROUGHPUT V/S MIMO MODES 

Throughput (kbps) V/S MIMO Modes 

Number of 

Users 
Mode 0 Mode 1 Mode 2 

20 4319.725 5327.08 5949.546 

40 5686.042 6685.637 8267.16 

60 7085.361 8322.81 9975.64 

 

 
Fig. 4. Throughput V/S MIMO Modes 

TABLE III: DELAY V/S MIMO MODES 

Delay(seconds) V/S MIMO Modes 

Number of 

Users 
Mode 0 Mode 1 Mode 2 

20 0.005351 0.004401 0.005156 

40 

 

0.01001 0.0070 0.0082 

60 

 

0.0158 0.0091 0.0102 
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Fig. 5 Delay V/S MIMO modes 

TABLE IV: PACKET LOSS RATIO V/S MIMO MODES 

Packet Loss Ratio (Percentage) V/S MIMO Modes 

Number of 

Users 
Mode 0 Mode 1 Mode 2 

20 0.401 0.373 0.416 

40 0.599 0.4653 0.5876 

60 0.641 0.500 0.721 

 

 

Fig. 6. PLR V/S MIMO modes 

TABLE V: PACKET DELIVERY FRACTION V/S MIMO MODES 

Packet Delivery Fraction (Percentage) V/S MIMO Modes 

Number of 

Users 
Mode 0 Mode 1 Mode 2 

20 99.598 99.626 99.583 

40 99.4 99.534 99.412 

60 99.358 99.499 99.324 

 

 

Fig. 7. PDF V/S MIMO Modes 

TABLE VI: FAIRNESS V/S MIMO MODES 

Fairness (0 to 1) V/S MIMO Modes 

Number of 

Users 
Mode 0 Mode 1 Mode 2 

20 0.9032 0.9303 0.9811 

40 0.858 0.8897 0.9311 

60 0.821 0.8501 0.880 

 

 
Fig. 8. Fairness V/S MIMO Modes 

VI. CALCULATIONS 

The calculations of different parameters related to the 

network simulation are as shown below: 

A. Average Throughput 

It is defined as the amount of data moved successfully 

from one place to another in a given time period. It is 

typically measured in bits per second (bps), as in 

megabits per second (Mbps) or gigabits per second (Gbps) 

[5]. 

Average Throughput = (Total bytes received *8)/(Stop 

time – Start time) 

B. Packet Loss Ratio 

Packet loss is measured as a percentage of packets lost 

with respect to packets sent. 

PLR = (Total Drop/Total Sent)*100 

C. Packet Delivery Fraction 

Packet delivery fraction is defined as the ratio between 

the received packets by the destination and the generated 

packets by the source. 

PDF = ((Total Sent – Total Drop)/Total Sent)*100 

D. Average Delay 

The delay of a network specifies how long it takes for 

a bit of data to travel across the network from one node or 

endpoint to another. 

Average Delay = Total Delay/No of User Equipment 

E. Fairness 

Fairness measures or metrics are used in network 

engineering to determine whether users or applications 

are receiving a fair share of system resources.  

Average Fairness = ⌡(x1,x2,...,xn) 
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               = (x1+x2+…+xn)
2
 / [n* 

(x1
2
+x2

2
+…+xn

2
)] 

where there are n users and x1,x2,…,xn is the throughput 

for the 1
st
, 2

nd
,…,n

th
 connection respectively. 

VII.   CONCLUSION 

This project was successfully carried out using NS-e as 

the primary tool. The programs for various devices and 

components of the network including UEs, eNBs, as well 

as the EPC were developed, which form the basic 

components of an LTE network. Along with this, the 

traces of the network have been captured, which give 

information of packets being sent as well as the time and 

protocol being used along with other network details. In 

addition to this, the software to simulate this code is 

configured and the code modified accordingly to view the 

simulations. This has been followed by addition of 

building structures and various users in the system to 

create a real-world-like scenario. Simulation of the code 

for a large data transfer has been performed so that the 

various network parameters can be monitored more 

accurately and realistically.  Then the next task was to 

implement MIMO into the LTE architecture to measure 

the performance of the LTE systems. This project helps 

us to understand the effect of MIMO in LTE by 

calculating different parameters related to the 

communication system followed by comparing and 

analyzing the various output values obtained from the 

simulations for SISO and other MIMO modes. This has 

been used to optimize various parameters to maximize 

the effect of MIMO and test them for different 

environments. 

From the above graphs we can arrive at the following 

conclusions: 

 Throughput is sum of bits or number of received 

packets calculated at every time interval and divided 

by its length. Time interval length is equal to one 

second by default according to standards. As we can 

start increasing the number of nodes or traffic, 

throughput will also increase proportionally. This can 

be clearly seen from the above graphs. Also we can 

see that MIMO implementation increases the 

throughput of an LTE network. 

 Delay calculations show that the delay is least for 

MIMO mode 1 ( transmit diversity) for all the cases 

because in this mode we are sending the same data 

from both the transmitting antennas, so probability of 

receiving the data from any one antenna is higher. 

Also we can see that as the number of users is 

increased the traffic increases which in turn increases 

the delay. 

 In case of PLR, it too increases with increase in the 

number of users as the network traffic is higher. 

Along with this, PLR for mode 1 is the least as in this 

mode we are sending the same data from both the 

transmitting antennas, so probability of receiving the 

data from any one antenna is higher which in turn 

decreases the probability of the packet getting lost. 

 PDF for mode 1 is the highest for all the scenarios as 

in this mode we are sending the same data from both 

the transmitting antennas, so probability of receiving 

the data from any one antenna is higher which in turn 

increases the probability of the packets getting 

delivered. 

 Fairness too decreases with increase in data traffic as 

the equal resource sharing capability of the network is 

stunted due to higher traffic. Also MIMO technology 

helps increase the fairness due to multipath conditions. 
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