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Abstract 

The usage of UAVs (Unmanned Aircraft Vehicle) is soaring, not just for hobbyists but increasingly 

for a range of professional and civil applications. Some of the more sophisticated applications that 

have high data usage and long-range flight requirements are being developed now. The range and 

capability of typical wireless connectivity technologies are not enough for such applications. 

Connecting UAVs to the mobile network is a solution. There are lots of benefits which mobile 

network can provide for UAVs and UTM (Unmanned Aircraft System Traffic Management). 

However, the anticipation of UAVs was not considered at first in network planning, which creates 

unexpected coverage conditions. The introduction of UAVs impacts LTE (Long Term Evolution) 

network in several ways and the network coverage and capacity of UAVs at low altitude is 

significantly different from that of terrestrial UEs. The thesis work includes investigation about how 

UAVs impact LTE network and how mobile network coverage and capacity for UAVs change when 

other factor changes. The impact of methods to enhance the mobile network for UAVs would also 

part of the research. In this work, a successful simulation in order to investigate UAV’s situation 

while using 4G LTE cellular networks is developed.  In order to properly test the developed 

framework for a range of different inputs, various generic scenarios were successfully developed and 

executed. Using this simulation, we have shown that UAV’s network situation is affected by 2 

parameters: the height of UAV and the load of the eNodeBs (Evolved Node B). We have successfully 

demonstrated that UAV at higher attitude may cause more serious network condition in the 

suburban area compared with the case in the urban area. Finally, an interference mitigation 

technique: antenna beam selection is applied and tested. We show that it can improve the network 

condition for UAV at a higher altitude. Some improvements to the model could be a modeling of 

inter-cell interference and multipath effects. Models of weather condition in UAV’s flying space 

would also greatly improve the framework. Besides a scheme for modulation and bit error 

calculation could be used to build a more generic model.  In the thesis, antenna propagation and 

gain models are not perfect, so more accurate model would also be a great improvement. Only 

antenna beam selection is tested in this thesis and the implementation does not include antenna 

mechanical design and model building. For further research, more methods like interference 

cancellation, power control and inter-cell interference coordination can be tested in both simulation 

and hardware. 

Keywords 

cellular network, drone, LTE, network simulation, UAV. 
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Sammanfattning 

Användningen av UAV(Unmanned Aircraft Vehicle): er är stigande, inte bara för hobbyister 

utan allt mer för en rad professionella och civila applikationer. Några av de mer sofistikerade 

applikationerna som har hög dataanvändning och krav på lång räckvidd utvecklas nu. Räckvidden 

och kapaciteten för typiska trådlösa anslutningstekniker räcker inte för sådana applikationer. Att 

ansluta UAV: er till mobilnätet är en lösning. Det finns många fördelar som mobilnätet kan ge för 

UAV: er och UTM (Unmanned Aircraft System Traffic Management). Förväntningen på UAV: er 

beaktades dock inte först i nätverksplanering, vilket skapar oväntade täckningsförhållanden. 

Införandet av UAV: er påverkar LTE-nätverk (Long Term Evolution) på flera sätt och nätverkets 

täckning och kapacitet för UAV: er på låg höjd skiljer sig väsentligt från markbundna UE: er. 

Examensarbetet inkluderar utredning om hur UAV: er påverkar LTE-nätverk och hur 

mobilnätstäckning och kapacitet för UAV: er förändras när andra faktorer ändras. Effekten av 

metoder för att förbättra mobilnätverket för UAV: er skulle också vara en del av forskningen. I detta 

arbete utvecklas en framgångsrik simulering för att undersöka UAV: s situation med användning av 

4G LTE-mobilnät. För att korrekt testa det utvecklade ramverket för en rad olika ingångar, 

utvecklades och genomfördes olika generiska scenarier. Med denna simulering har vi visat att UAVs 

nätverkssituation påverkas av två parametrar: UAV: s höjd och belastningen på eNodeBs (Evolved 

Node B). Vi har framgångsrikt visat att UAV vid högre inställning kan orsaka allvarligare 

nätverkstillstånd i förortsområdet jämfört med fallet i stadsområdet. Slutligen tillämpas och testas 

en interferensbegränsande teknik: val av antennstråle. Vi visar att det kan förbättra 

nätverksvillkoret för UAV på högre höjd. Några förbättringar av modellen kan vara modellering av 

inter-cellstörningar och flervägseffekter. Modeller av väderförhållanden i UAV: s flygutrymme 

skulle också förbättra ramverket kraftigt. Förutom ett schema för modulering och beräkning av 

bitfel skulle kunna användas för att bygga en mer generisk modell. I avhandlingen är 

antennutbrednings- och förstärkningsmodeller inte perfekta, så en mer exakt modell skulle också 

vara en stor förbättring. Endast val av antennstråle testas i denna avhandling och implementeringen 

inkluderar inte antennmekanisk design och modellbyggnad. För ytterligare forskning kan fler 

metoder som interferensavbrott, effektkontroll och inter-cell-interferenskoordination testas i både 

simulering och hårdvara. 

Nyckelord 

mobilnät, drone, LTE, nätverkssimulering, UAV. 
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1 Introduction 

The anticipation of UAVs was not considered at first in network planning, which creates unexpected 

coverage conditions. The introduction of UAVs impacts LTE network in several ways and the 

network coverage and capacity of UAVs at low altitude is significantly different from that of 

terrestrial UEs[1]. It is essential to know the network situation in order to plan a safe, secure and 

controlled flight mission. 

The thesis work includes a simulation of the specific area's mobile-network capacity and 

coverage. And one method to enhance the network for UAVs will be tested in simulations. 

1.1 Background 

The usage of UAVs is soaring, not just for hobbyists but increasingly for a range of professional and 

civil applications[2]. Some of the more sophisticated applications that have high data usage and 

long-range flight requirements are being developed now. The range and capability of typical wireless 

connectivity technologies are not enough for such applications. There are lots of benefits which 

mobile network can provide for UAVs and UTM. 

1.2 Problem 

Many results from simulation and field trial show that the introduction of UAVs impacts LTE 

network in several ways and the mobile network performance at low altitude is significantly 

different from that of terrestrial UEs 

How do UAVs impact LTE network and how do mobile network coverage and capacity for UAVs 

change when other factor changes? What method can we implement to enhance the mobile network 

for UAVs and what is the impact of methods? 

1.3 Purpose 

The thesis work includes investigation about how UAVs impact LTE network and how mobile 

network coverage and capacity for UAVs change when other factor changes. The impact of methods 

to enhance the mobile network for UAVs would also part of the research.  

A simulation of the specific area's mobile-network capacity and coverage is implemented. And 

one method to enhance the network for UAVs is tested in simulations. 

For UTM, the calculation results can be applied for different network capacity requirements 

(transmitting C2 or other payload data) to make a safe, secure and controlled BVLOS flight missions. 

1.4 Goals 

The goal of this project is to investigate how UAVs impact mobile network. This has been divided 

into the following three sub-goals:  

1. Built simulation based on Västervik’s mobile-network layout. And investigate its capacity and 

coverage with UAVs. 

2. Implement a method to enhance the performance of UAVs in simulation  

3. Analyze the result of simulation and investigate what impacts the network performance. 
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1.5 Research Methodology 

There are numerous network simulation tools including Omnet++, ns-3, and Matlab. Based on the 

recent work[3, 4], Omnet is considered as the most suitable tool for building the simulation testbed 

of the mobile network. The simulation tool this thesis chose is SimuLTE based on Omnet++ and 

Inet. 

1.6 Delimitations 

The handover process is not considered in the simulation. This thesis mainly focuses on how UAVs 

impact mobile network preference. The height of UAVs and load of eNodeB are the two parameters 

concerned. So, the handover process shall not affect the result. 

1.7 Structure of the thesis 

Chapter 2 presents relevant background information about UAV.  Chapter 3 presents the simulation 

modeling. Chapter 4 presents the simulation method. Chapter 5 presents the result. And finally, 

chapter 6 presents the conclusion and future work. 
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2 Background 

This chapter provides basic background information about UAV and UTM. Additionally, this 

chapter describes the benefit if the mobile network supports UAVs. The chapter also describes 

related work about the investigation of mobile network performance when UAVs enter the mobile 

network. 

2.1 UAVs and UTM 

The usage of UAVs is soaring, not just for hobbyists but increasingly for a range of professional and 

civil applications[2].  Table 2-1 The examples of UAVs' applications 

 Table 2-1 The examples of UAVs' applications 

2.1.1 UAV 

A UAV often referred to as a drone is an aircraft without a human pilot on board. UAVs are a part of 

a UAS; which include a UAV, a ground-based controller, and a system of communications between 

the two[5]. 

Applications Examples 

Flying cameras  Consumer flying cameras, Movies and news 

media, Real estate 

Delivery Package delivery, Transport of medicines and 

vaccines 

Public Safety Emergency services, Cellular Coverage for first 

responders, Search and rescue 

Agricultural Crop Visual inspections, Automated planting, 

Livestock tracking 

Inspection Critical infrastructure, Inspection of hard-to-

reach assets 

Figure 2-1 An example of UAV. 
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2.1.2 UTM 

UTM is the system under definition by NASA and FAA, while a similar concept called U-Space is 

under development in a joint project of the European Union[6][7]. Both of them aim to provide the 

means to support the management of UAVs operations in uncontrolled airspace where no air traffic 

separation services are provided. 

Figure 2-2 NASA's concept for a possible UTM system[7].  
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2.2 Mobile Network Supports for UAVs 

Some of the more sophisticated applications that have high data usage and long-range flight 

requirements are being developed now. The range and capability of typical wireless connectivity 

technologies are not enough for such applications. Thus, mobile networks are developed to support 

UAVs and UTM operations in several aspects. There are lots of benefits which mobile network can 

provide for UAVs and UTM[8]: 

• Mobile Connectivity: the UAV’s status including position, altitude, speed, radio 

condition, camera footage, and any other information can be monitored, as well as 

enabling control of all operations from take-off to landing, real-time information 

communicated from the UTM. 

• V2X connectivity: exchanging information between UAVs to avoid crashes and so on. 

• Transmitting Data in Real-Time: sensor data for processing, analysis, and 

decision-making mid-flight, command and control inputs in real-time, resulting in a 

safer, more reliable share airspace, external data source (e.g. weather information, 

video/images) 

• Security:  enabling accurate Identification, the system can be correctly identified and 

trusted authenticate each component of the ecosystem, and encrypt the data exchange 

between them 

• Law Enforcement: tracking both real-time and historical information 

• Licensed spectrum: working with dedicated spectrum in licensed bands enables 

mobile networks to provide the reliable connectivity required for mission-critical 

applications, especially in BVLOS cases and in high-risk. environments. 

2.3 Related work 

There are some researches to investigate the mobile network situation for UAVs. 

2.3.1 3GPP Release 15 

3GPP's study on enhanced LTE support for connected UAVs in Release 15 provides a comprehensive 

investigation of the capability of LTE networks for connectivity to UAVs[9]. 

There are three scenarios discussed in the report: 

• Urban-macro with aerial vehicles (UMa-AV): 

The eNodeB antennas are mounted above the rooftop levels. 

• Urban-micro with aerial vehicles (UMi-AV):  

  Urban scenarios with below rooftop eNodeB antenna mountings. 

• Rural-macro with aerial vehicles (RMa-AV): 

  Larger cells in a rural environment with eNodeB antennas mounted on top of 

towers. 
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Three scenarios are illustrated in Figure 2-3. 

Figure 2-3: Three scenarios discussed in 3GPP Release 15 

To characterize the channels between aerial UEs and eNodeBs, models for LOS probability, 

pathloss, shadow-fading, and fast-fading are defined in the Release-15 study. During the Release-15 

study, evaluations were performed under the scenarios and channel models described, and 

interference problems were identified in both UL and DL for scenarios involving aerial UEs. The 

issues and potential solutions are summarized in Table 2-2 by [10] 

Table 2-2 The issues and potential solutions 

Issue Solution Specification Impact 

Interference Detection 

Interference detection using 

existing UE measurement 

reports 

Already supported in LTE up to 

Release-14 and no specification 

enhancements needed. 

Interference detection using 

enhanced measurement 

reporting mechanisms 

Requires specification 

enhancements to define new 

events, enhanced triggering 

conditions, etc. 

Interference detection using 

UE based information 

No specification enhancements 

needed. 

Interference detection via 

exchanges of information 

between eNodeBs 

Specification impact may 

depend on the type of 

backhaul. 

Uplink Interference Mitigation 
Uplink power control schemes Some require specification 

enhancement and some not. 
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FD-MIMO Already supported in LTE up to 

Release-14 and no specification 

enhancements needed. 

Directional Antennas at UE An implementation issue and 

no specification enhancements 

needed. 

Downlink Interference 

Mitigation 

FD-MIMO Already supported in LTE up to 

Release-14 and no specification 

enhancements needed. 

Directional Antennas at UE An implementation issue and 

no specification enhancements 

needed 

Receive Beamforming at UE An implementation issue and 

no specification enhancements 

needed. 

Intra-site JT CoMP Already supported in LTE up to 

Release-14 and no specification 

enhancements needed 

Coverage extension Already supported in LTE up to 

Release-14 and no specification 

enhancements needed 

Other Schemes Details of the specification 

impact depend on the details of 

the coordinated data and 

control transmission scheme 

which needs further study 

2.3.2 Two main aspects 

Ericsson's experiment shows that LTE networks are capable of supporting the initial deployment of 

low-altitude drones[11]. They pointed out there are two main aspects that make mobility support for 

drone UEs challenging. First is tilted down-warded antennas. The second aspect is the interference. 

As the height increases, more BSs have line-of-sight propagation conditions to UAVs which generate 

more UL interference to the neighbor cells while experiencing more DL interference from the 

neighbor cells. 

2.3.3 Channel modeling 

[12] provides a premier on cellular-to-UAV channel modeling in terms of the mean path-loss and 

the shadowing statistics. In this research, the path-loss is highly affected by two contradicting 

effects: the enhanced LoS condition of the UAV and the reduced BS antenna gain due to the down-

tilt of the antenna pattern. 

[13] proposal a height-dependent channel model for mobile-connected UAVs considering the 

path loss and shadowing parameters for UAVs connected to cellular networks. 

[14] also contributes to an urban height dependent path loss model based on real field 

measurements for UAVs connected to LTE networks. 
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In [15], a modified two-ray model is presented to account for variations in the path loss 

exponent and antenna gains according to UE height. 

2.3.4 Coverage performance 

[13] presented a generic framework for evaluating the coverage performance in a network that 

includes air-to-ground and ground-to-ground communication links. The impacts of fundamental 

design parameters such as BS height, antenna pattern and UAVs’ altitude are considered. 

[16] investigates the performance of aerial radio connectivity in a typical rural area network 

deployment, using extensive channel measurements and system simulations. The DL and UL radio 

interference are also analyzed. 

2.3.5 Modeling 

[4] develop a framework for UAVs using 4G LTE cellular networks. A propagation model for the 

record the data rate in the UL and DL direction is used. Using this framework, they also show that 

the data rate requirements for the links are within the data throughput achieved by LTE networks, 

and it is possible to use pre-deployed cellular communication network infrastructure for UAV 

communication. 

2.4 Summary 

Previous study analyses respect of potential problem, channel modeling, and coverage performance. 

Some are based on field measurement while some are based on simulation. All of them reveal that 

UAV in the sky face some challenges including low antennas gain and more interference which we 

need to overcome in the future.  
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3 Modeling 

3.1 Simulation tools 

There are some of the open-source network simulators including Network Simulator -3 (NS-3), 

OMNeT with inet and simuLTE, and LTE Sim. Their advantage and disadvantage are concluded in 

Table 3-1. 

Table 3-1 Comparison of different wireless network simulation tools 

Simulation tool advantage disadvantage 

NS-3 real-time implementation  

 

a simplified view of complex 
Interactions  

 

OMNeT with inet and 

simuLTE 

fully customizable with a 

simple pluggable interface 

needs to install many libraries 
and dependency 

LTE Sim  

 

supports Uplink Downlink 
Scheduling Strategies  

 

ongoing communication affects 
the path loss  

 

After comparing their advantage and disadvantage, Omnet++ 5.2.1 and INET 3.6.4 using 

simulation model SimuLTE is selected as the simulation tool in this thesis. OMNeT++ is an 

extensible, modular, component-based C++ simulation library and framework, primarily for 

building network simulators[16]. It supports wireless and mobile simulations and is suitable for 

simulating any system consisting of devices interacting with each other. It is used for educational 

and commercial purpose. OMNET++ possesses GUI stream. 

 SimuLTE is an innovative simulation tool that enables complex system-level performance 

evaluation of LTE and LTE Advanced networks on the OMNeT++ framework. SimuLTE is fully 

customizable via a simple pluggable interface and allows one to extend it with new algorithms and 

protocols. SimuLTE is built on the INET Framework and extends it with LTE user plane protocols. 

eNodeB and UE models are provided. SimuLTE also includes a form-based configuration editor. 

SimuLTE was developed at the University of Pisa, Italy[17]. 

3.2 Simulation Modeling Details 

In the simulation tool, the basic components are UEs, eNodeBs and other nodes.  They can transmit 

data to each other via different types of methods. The SimuLTE can simulate the real environment 

loss during transmission of data. For analysis of the result, some data can be calculated and 

collected by the framework.   

3.2.1 Structure of UE, UAV, and eNodeBs 

In SimuLTE, eNodeBs and UEs and UAV are implemented as compound modules, which can be 

connected with each other and other nodes (e.g. routers, applications, etc.) in order to compose 

networks[18]. The Binder is used to locate the interfering eNodeBs in order to compute the inter-

cell interference perceived by a UE in its serving cell. Figure 3-1 shows the structure of UE and 

eNodeB. 
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Figure 3-1 Structure of UE and eNodeB 

Both UDP and TCP modules are implemented in SimuLTE. They are the respective transport 

layer protocols and connect the LTE stack to TCP/UDP applications. In this project, VoIP and Video 

Stream based on UPD are the two communication methods tested.  The IP module is taken from the 

INET package as well. In the UE it connects the NIC to applications that use UDP. In the eNodeB, it 

connects the eNodeB itself to other IP peers (e.g., a web server), via PPP (Point-To-Point Protocol). 

3.2.2 Path loss  

Path loss is the reduction in power density of an electromagnetic wave as it propagates through 

space. It is one of the major concerns when simulating mobile network. Due to the different 

environment, the path loss calculations are usually different. In simuLTE, there are different 

methods to compute the path loss. In this thesis, 2 scenarios are tested: urban and suburban. The 

computation formula is shown as following: 

• Suburban LOS[18] 

𝑷𝑳𝒔𝒖𝒃−𝒍𝒐𝒔 = 𝒎𝒂𝒙(𝟐𝟑. 𝟗 − 𝟏. 𝟖 𝒍𝒐𝒈𝟏𝟎( 𝒉𝑼𝑻), 𝟐𝟎) 𝒍𝒐𝒈𝟏𝟎( 𝒅3D)

+ 𝟐𝟎 𝒍𝒐𝒈𝟏𝟎 (
𝟒𝟎𝝅𝒇𝒄

𝟑
)                                                     (𝟏) 

• Suburban NLOS[18] 

𝑷𝑳𝒔𝒖𝒃−𝒏𝒍𝒐𝒔 = 𝒎𝒂𝒙(𝑷𝑳𝒔𝒖𝒃−𝒍𝒐𝒔,  −𝟏𝟐 + (𝟑𝟓 − 𝟓. 𝟑 𝒍𝒐𝒈𝟏𝟎( 𝒉𝑼𝑻)) 𝒍𝒐𝒈𝟏𝟎( 𝒅3D

+ 𝟐𝟎 𝒍𝒐𝒈𝟏𝟎 (
𝟒𝟎𝝅𝒇𝒄

𝟑
))                                                       (𝟐) 

• Urban LOS[18] 

𝑷𝑳𝒖𝒓𝒃𝒂𝒏−𝒍𝒐𝒔 = 𝟐𝟖. 𝟎 + 𝟐𝟐 𝒍𝒐𝒈𝟏𝟎( 𝒅3D) + 𝟐𝟎 𝒍𝒐𝒈𝟏𝟎( 𝒇𝒄)                       (𝟑) 

• Urban NLOS[18] 
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𝑷𝑳𝒖𝒓𝒃𝒂𝒏−𝒏𝒍𝒐𝒔 = −𝟏𝟕. 𝟓 + (𝟒𝟔 − 𝟕 𝒍𝒐𝒈𝟏𝟎( 𝒉UT)) 𝒍𝒐𝒈𝟏𝟎( 𝒅3D)

+ 𝟐𝟎 𝒍𝒐𝒈𝟏𝟎 (
𝟒𝟎𝝅𝒇𝒄

𝟑
)                                                      (𝟒) 

Where ℎ𝑈𝑇 is the height of UE, 𝑑3D is the distance from the UE to the eNode and  𝑓𝑐 is the carrier 

frequency. 

Depends on setting the parameter Channel Model scenario, the simulation can apply one of the 

path loss models. 

3.2.3 SNIR computation 

The channel model implemented is Realistic Channel Model. The SINR is computed a 

𝑺𝑰𝑵𝑹 =
𝑷𝑹𝑿

∑ (𝑷𝒊 + 𝑵)𝒊

                                 (𝟓) 

where  𝑷𝑹𝑿  is the power received from the serving eNodeBs, 𝑷𝒊 is the power received from 

the interfering eNodeBs, N is the Gaussian noise.  

𝑷𝑹𝑿 is computed as: 

𝑷𝑹𝑿 =  𝑷𝑻𝑿 − 𝑷𝒍𝒐𝒔𝒔 − 𝑭 − 𝑺                   (𝟔) 

Where  𝑷𝑻𝑿 is the transmission power, 𝑷𝑙𝑜𝑠𝑠 is the path loss due to the eNodeBs -UE distance, 

and F and S are the attenuation due to fast and slow fading respectively. 

3.2.4 Communication Type 

2 types of communications which are VoIP and Video Stream are tested.  

• VoIP 

The communication is between the sender and the receiver.  The source alternates 

between two states: talk and silence. In talk state, the module acts as a CBR source and 

sends packets of every packetization Interval to the receiver over UDP. Silence is implicit: in 

silence state, no packets are sent, and there is no explicit signaling of silence either. The 

receiver receives a VoIP stream generated by a Sender and records statistics. 

• Video Stream 

The server will wait for incoming "video streaming requests". When a request arrives, it 

sends video to clients. During streaming, it will send UDP at every interval, until video size 

is reached. The parameters packet length and send interval can be set to constant values to 

create CBR traffic, or to random values. The server can serve several clients and several 

streams per client. 

3.3 Interference mitigation techniques 

One interference mitigation technique:  antenna beam selection is tested in this thesis. According to  

[16], antenna beam radiation pattern modeled provide +6.6 dB gain. In this thesis, the antenna gain 

is set as 26 dB when there is not any interference mitigation technique applied. Thurs, 32.6 dB is 

used for this simulation for testing the effect of antenna beam selection. The results are compared 

between the case when antenna beam selection is applied and not applied.  
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3.4 Model Validation 

In [18], some validation of the SimuLTE model is made. This section is mainly for the verification of 

suing this model for UAV. UAV is different from other UEs because UAV is usually at a higher 

altitude. So, the verification emphasis on the height of UAV. 

The approach used here is to compare the value against theoretical obtained from the previous 

study. We thus choose a single for validation. In the case, UAV is static. The simulation area is 

shown in Figure 3-2. We compare the SINR of the simulated scenario against a reference SINR 

calculated by equation (1) – (2) from [13, 16]. 

Figure 3-2 Validation simulation area 

𝑆𝐼𝑁𝑅 =  𝑃𝐷𝐿 − 𝑃𝐿𝐴𝐵 +  𝐺𝑐 −  𝑁          (7) 

𝑃𝐿𝐴𝐵 =  𝛼10𝑙𝑜𝑔10(𝑑) +  𝛽                     (8) 

Where 𝑃𝐷𝐿 is transmitting power, 𝑃𝐿𝐴𝐵 is path loss, 𝐺𝑐 is the antenna gain, N is thermal noise 

and d is the 2d distance from UAV to eNodeB. 

The path loss model parameter is from [13] and shown in Table 3-2. And Table 3-3 is the 

simulation parameter. 

Table 3-2 Path Loss parameter 

UAV’s height 1.5 m 60 m 120 m 

𝜶 3.7 2.1 2.0 

𝜷 -1.3 4.4 3.4 
Table 3-3 Simulation Parameter 

Parameter Value 

2D distance from UAV to eNode 50 meters 

Bandwidth 800 MHZ 

Thermal noise 84.8259 dB 
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Transmitting power 100 dB 

antenna gain 50 dB 

As we show in Figure 3-3, the simulation results match the reference ones.   

Figure 3-3 SINR reference vs simulation 
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4 Simulation Methods  

4.1 Research Process 

There are 2 simulation areas tested in this thesis; a single cell with interference (1 serving cell and 2 

interference cell) and real map. Data of base stations’ property.  

For each map, both UL and DL are tested. The process for each test case is shown as follow: 

1. Simulation area configuration 

2. Configuring UEs and UAV   

3. Run the simulation and collecting data 

4. Analyze data 

4.2 Simulation details 

4.2.1 Simulation Area configuration 

The layout of eNodeBs, transiting power, and other property are configured firstly. There is 3 

simulation area included in this test: single cell with 2 interference cells, suburban area, and urban 

area. Suburban area and urban area are selected from Västervik which the real research area is.  All 

of them consists of eNodeBs, UE, UAV, server, pgw, and router.  

Figure 4-1 is the simulation area for a single cell with 2 interference cells. The left corner is (0,0). 

The location of serving eNodeB is (200,200) and 2 locations of interference eNode are (100,300) 

and (300,300). The distance from UAV to eNodeB is 10m. The UE’s location is normally distributed 

within 100 meters of eNodeB. 

Figure 4-1 Single-cell with 2 interference cells 
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Figure 4-2 shows the suburban area for testing. The true geography location is transferred to the 

following position: serving eNodeB (580,600). The distance from UAV to eNodeB is 50m. The UE’s 

normally distributed within 100 meters of eNodeB. 

 

Figure 4-2 Suburban area 

Figure 4-3 shows the suburban area for testing. The true geography location is transferred to the 

following position: serving eNodeB (975,480). The distance from UAV to eNodeB is 10m. The UE’s 

normally distributed within 50 meters of eNodeB. 

 

Figure 4-3 Urban area 
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4.2.2 Configuration of UEs and UAV  

In order to test how much capacity UAV can handle, the UAV ‘s task is to send a video at 8MB/s to 

the server in UL or receive a video from sever at 8MB/S. The network type is UDP video stream. As 

the interference of the mobile network, UEs are applied as VoIP. 

The specified number of UEs are added to the simulation. The number is discussed in the next 

chapter. Their serving cells are set as the one going to be tested 

 The network configuration of UAV is like UE, but the height of UAV is different. One UAV is 

assigned to the serving eNode. 

4.3 Data Collection 

Omnet++ collect the data when they arrive at an output vector. All the data of devices in the 
simulation are collected. The output file is *.sca and *.vec.  The file size is around 50MB per case. 

Multiple test cases with different parameters are run. The parameters’ configuration details are 

discussed in the next section. The throughput and SINR are the data interested. In DL, throughput 

is collected from UAV’s server while in UL, throughput is collected in eNodeB’s server.  

4.4 Planned Data Analysis 

4.4.1 Data Analysis Technique and software Tools 

The data interested are filtered and saved in the database first. And then they are categorized and 
compared by different aspect. 

Omnet++ is the main tool for analyzing data. The Omnet ++ IDE can help us to analyze the 

results. It supports filtering, processing and displaying vector and scalar data. The throughput and 

SINR related to UAV are filtered and export to Excel. The figures are generated in Excel.  

4.4.2 Data Analysis 

Data interested are SINR and throughput. We compare the result between Urban and Suburban 

area, different UAV’ height, the load of eNode and with/without interference mitigation techniques. 

The clustered column chart can easily compare the value between different cases and thus chosen as 

the chart type.  

4.5 Parameters 

4.5.1 Basic Network Parameters Setting 

The basic network settings are shown in Table 4-1. These setting are applied to all test cases before 

the simulation run.  

Table 4-1  The network settings 

Parameters Value 

Simulation time 20 

Channel Model downlink interference True 
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Channel Model uplink interference True 

Number of Resource Blocks 100 

Transmission Power of UE 26/32.6 

Transmission Power of eNodeB 100 

Network type VoIP/UDP Video Stream 

Direction  ANISOTROPIC 

Channel Model scenario SUBURBAN_MACROCELL/URBAN_MACROCELL 

Scheduling Discipline Dl MAXCI 

Scheduling Discipline Ul MAXCI 

4.5.2 Network type Setting 

In this project, UEs communicate with eNode via VoIP and UAV tries to send a video to eNode at a 

high data rate so that we can test the network maximum capacity. UAV’s network is set as UDP 

Video Stream. The video packet length is 1000 Byte and the sent interval is 1ms, so the theoretical 

throughput is 8MB/s.  

Both UL and DL are analyzed. When in UL situation, UEs and UAV are set as server and 

eNodeBs are set as a client. When in DL situation, UEs and UAV are is set as client and eNodeBs are 

set as the servers.    

4.5.3 Experiment Parameters & Test Cases 

UAVs’ height and number of UEs are the main parameters for this experiment. The details of these 

parameters are shown in Table 4-2.  

Table 4-2 The combination of Experiment  

Data Transmitting 

direction 

UAVs’ height(m) Number of UEs per 

eNodeBs 

Interference 

mitigation 

DL 

1.5 
50 

With (32.6 dB antenna 

gain) 50 

250 100 

UL 
Without (26 dB 

antenna gain) 
150 

350 
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200 

All the combinations of parameters are tested in the simulation.  





  | 21 

 
 

5 Results and Analysis 

In this chapter, we present the results and discuss them. 

5.1 Major results 

5.1.1 Single Cell with interference 

Figure 5-1 shows the DL average SINR with different number of UEs and different UAV’s height. 

When the UAV’s height increases or the number of UEs increases, the average SINR are subjected to 

degradation. On the other hand, it is clear that the UAV SINR changes with both the number of UEs 

and the height at which the UAVs are deployed. When the height of UAV increases, their SINR 

drops quickly: The UAV SINR falls to 5 dB while it is 46 dB at 0 m if the number of UEs is 350. That 

is a significant 41 dB reduction. It indicates that the UAV DL connection is quite sensitive to UAV’s 

height. The UAV SINR is also degraded with the increasing number of UEs: At 200 m high, the 

average SINR goes from 30 dB to about 5 dB. This degradation is much less than that when UAV’s 

height increases. 

Figure 5-1 SINR - Single-cell with Interference 

Figure 5-2 illustrates the average UL SINR performance for UAVs at different heights and 

different amount of UEs. A few observations can be made: First, when a UAV flies at increased 

heights, it experiences better propagation conditions, and therefore its UL transmissions can 

potentially because higher noise rise in the neighboring cells in a larger area compared to UAV at 0 

m at the same location. Due to such an increase in UL interference, generally UL SINR of UAVs 

drop with increasing UAV height. This impact is more significant in the high load scenario, 

compared to the less amount of UE served. Comparing the cases with UAVs at 0 m with 200 m 

when there are 500 UEs, the UL SINR for UAV at 0 m reduces about 17 dB. On the other hand, in 

the low load case, the UL SINR for UAV at 0 m is degraded by only 5 dB.  
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Figure 5-2 SINR - Single-cell with interference UL 

Throughput for UAVs for DL and UL at different heights is shown in Figure 5-3 and Figure 5-4. 

The trend for both DL and UL is similar. The ideal theoretical data rate is 8MB/s. We can observe 

that when the eNode is at low load, i.e.  50 UEs are served by it, the throughput of UAV at all height 

from 0 to 200 m can transmit data at a satisfying rate. The rate is close to the ideal rate. However, 

when there are more UEs connected to eNode, the situation changes: when UAV flies higher, the 

network performance becomes worse. When the number of UEs connected is 250, the throughput 

for DL drops from about 8MB/s to 5.5 MB/s if UAV flies from 150 m to 200m. UAV, in this case, can 

only handle the transferring task at about 60% rate. The worst-case happens when there are 350 

UEs served by the eNodeB.  UAV flies higher than 100 m can hardly transmit data. The rate is quite 

low. This is because the available bandwidth is shared between a smaller number of active UEs.  

Figure 5-3 Throughput - single cell with interference DL 
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Figure 5-4 Throughput - single cell with interference UL 

5.1.2 Urban Area vs Rural Area 

Figure 5-5 and Figure 5-6 are the SINR performance for UL and DL when there are 350 UEs in both 

urban and suburban area. Basically, the trend for the urban or suburban area the same: when the 

UAV fly higher, the SINR decreases. When we compare these two cases, we can immediately notice 

that the SINR in the suburban situation is a bit higher than that in the urban area when UAV is 

mounted in a lower height. But when UAV’s height increases, SINR of suburban drops quickly and 

thus the UAV in urban area experience a better SINR.  

When UAV flies at a high altitude in the suburban area, the path loss for interference is much 

lower than that of urban because of lack of building and another obstacle. So the higher UAV is the 

more interference from other cell received. But in the case of the urban area, the path loss for 

interference is much higher and UAV receive less interference from other cells.  

Figure 5-5 SINR - Urban vs Suburban DL UEs - 350 
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Figure 5-6 SINR - Urban vs Suburban UL UEs - 350 

Figure 5-7 and Figure 5-8 represent the throughput comparison between the urban area and 

suburban area. Obviously, the DL throughput of UAV when it is on the ground is quite high. It is 

almost reaching the ideal data rate 8MB/s. However, when UAV’s height is increased, the network 

performance changes a lot. We can observe that the throughput of 50 m in the urban area is only 

half of that at 0 m. Throughput in the suburban area also experiences a drop, but the decrease here 

is comparatively small: only 1.5MB/s down.  It remains about 80% of the throughout when it is at 0 

m. The buildings in the urban area may be the reason why UAV gets a poor network performance. 

The high buildings as obstacle result in a high path loss for the serving cell and thus lead to a worse 

network. It can be noticed that when UAV flies higher, both of them experience a dramatic drop: it 

can hardly transfer data in suburban area while in urban area the throughout is less than 1MB/s. 

When UAV flies at a high attitude in suburban area, the path loss for interference is much lower 

than that of urban because of lack of building and another obstacle. In the case of UL, the result is a 

bit different. The network condition is quite good when UAV flies lower than 100m both in urban 

and suburban area. While UAV’s height increases, the trend is similar: the throughout drop quickly.  

Figure 5-7 Throughput - Urban vs Suburban DL UEs - 350 
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Figure 5-8 Throughput - Urban vs Suburban UL UEs - 350 

5.1.3 interference mitigation techniques 

Finally, we discuss the result when interference techniques implemented. Figure 5-9 shows the 

comparison of throughput when UAV applied interference mitigation techniques and not applied 

interference mitigation techniques. Basically, the throughput is improved. When UAV flies at 100 

m-200 m, the technique helps UAV get a throughput of about 2-3MB/s, compared with that of UAV 

without mitigation which is less than 1 MB/s. 

Figure 5-9 Throughput - Without mitigation vs With mitigation DL 

5.2 Discussion 

In conclusion, UAVs has a negative impact on the DL and UL performance. Due to the increase 

in interference, generally SINR of UAVs drop with increasing UAV height. This impact is more 

significant in the high load scenario. Besides, UAV experiences a worse network situation when 

more UEs connect to the serving cell.  The comparison between urban and suburban area is made 

and we found that SINR of suburban drops dramatically when UAV’s height increases but SINR of 
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urban does not have a similar situation. It drops about 5 dB when the height of UAV increases from 

100m t0 200m. Besides, interference mitigation techniques can improve network performance. 
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6 Conclusions and Future work 

In this chapter, we conclude the experiment result and discuss the limitation. Further, we 

present the future work. Finally, reflections are described. 

6.1 Conclusions 

In this work, a successful simulation in order to investigate UAV’s situation while using 4G LTE 

cellular networks is developed.  In order to properly test the developed framework for a range of 

different inputs, various generic scenarios were successfully developed and executed. Using multiple 

scenarios, we have studied the SINR performance between the different load of base stations and 

different height of UAV for both DL and UL. Using this simulation, we have shown that UAV’s 

network situation is affected by 2 parameters: the height of UAV and the load of the eNodeBs. More 

specially, UAV experience a worse network performance when it flies higher because of the better 

propagation conditions and higher noise rise in the neighboring cells. Also, when more UEs are 

served by the eNode, UAV experience a worse network connection. We have successfully 

demonstrated that UAV at higher attitude may cause more serious network condition in the 

suburban area compared with the case in urban area. The performance becomes worse rapidly when 

UAV is higher in the suburban area, while in the urban area, UAV only experiences a slight drop. 

Finally, an interference mitigation technique is applied and tested. We show that it can improve the 

network condition for UAV at a higher altitude.  

6.2 Limitation 

This thesis is only based on simulation. Lack of field experiment measurement may lead to 

deviation of the result.  

6.3 Future work 

Some improvements to the model could be a modeling of inter-cell interference and multipath 

effects. Models of weather condition in UAV’s flying space would also greatly improve the 

framework. Besides a scheme for modulation and bit error calculation could be used to build a more 

generic model.  In the thesis, antenna propagation and gain models are not perfect, so more 

accurate model would also be a great improvement. Only antenna beam selection is tested in this 

thesis and the implementation does not include antenna mechanical design and model building. For 

further research, more methods like interference cancellation, power control and inter-cell 

interference coordination can be tested in both simulation and hardware.  

6.4 Reflections 

The outcomes of this research may be utilized by industry for rapidly deploying highly mobile, 

low-cost UAVs in a wide range of applications and scenarios especially for UTM.  The ability to 

maintain a reliable connection between UAV and UTM by the mobile network can help UTM to 

manage the traffic for UTM better. 
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