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AHOTANIA

AKTyaJIbHICTh PO0OTH. 3pOCTaHHS MOMUTY HA BUCOKOUIBUIKICHI 0€3pOTOBI
CEpBICH Y MICTax BUMAarae BUKOPUCTaHHS CYYaCHUX TEXHOJIOT1M MOOUIHHOTO 3B’ SI3KY,
3IaTHUX 3a0€3ME€YUTU BUCOKY SIKICThb OOCIYrOBYBaHHS KOPHCTYyBadiB. TEeXHOJOIIA
LTE, moemnana 3 mnpuHOMIAMH caMmoopraHizyrounx wMepexx (SON), mo3Bossie
aBTOMATU3YBAaTHU IpolLecu KOoH(Irypaiii, onTuMi3alii Ta CaMOBIAHOBIIEHHS MEpExi,
0 € KPUTUYHO BAXKIMBHUM Y BEIUMKHX ypOaHI30BaHUX CEpeoBHUINAX. AHaI3
d13ugnoro piBasa LTE, MoientoBaHHS XapakTepUCTUK paaioiHTepdeicy Ta 4aCTOTHO-
TEPUTOpIaTIbHE TUIAHYBAHHS MEPEXkK1 JO3BOJISIIOTh €()EKTUBHO MPOEKTYBATU MOO1JIbHI
CUCTEMH 3B’SI3KY 3 ypaxyBaHHSM peaibHUX YMOB CEpEIOBHUIIIA.

Karwuosi cinoa: LTE, camoopranizyroua mepexka, OFDM, MIMO, SAE,
OPNET, ¢i3uunnii piBeHb, iMiTaliiiHe MOAETIOBAHHA, pajioiHTepderic, 4acTOTHE
IUTaHYBaHHS.

O0’exT gocaimkeHHs: Tpolec NOOYIOBM Ta IUIAHYBaHHS MOOUIBHUX
iHpoKOMyHIKaIIHHUX Mepek Ha ocHoBl TexHojorii LTE 3  enementammu
caMooprasi3aiiii.

Merta poboru: IIPOAHAJII3YBaTH MIPUHLAIIN (GyHKIIIOHYBaHHS
camoopranizytounx LTE-mepex, po3poOutu MeETOAMKY OIIHKA  (PI3UYHUX
xapaktepuctuk LTE, a TakoX BHKOHATH 4YaCTOTHO-TEPUTOpIAJbHE IJIAHYBaHHS 1
MOJIEJIIOBaHHSI MIChKOi CTUIBHMKOBOI Mepexi LTE 3 BuUKOpHCTaHHSM cepeaoBHILA
OPNET.

Ctpykrypa Ta o0car podorm: poOoTa BHUKIaJeHa Ha 47 CTOpIHKax
JIPYKOBAHOTO TEKCTY, MICTUTh 15 pucyHkiB, 2 Tabmumi, 23 mkeperna JiTepaTypu.
PoGoTa cknamaeTbest 31 BCTYIy, TPhOX PO3/LTiB, BHCHOBKIB, TEPEIiKy YMOBHUX
MO3HAYEHb Ta CIIMCKY BUKOPUCTAHUX JIXKEPET.

Y nepumomy po3aisii mpoaHaTi30BaHO MOHATTS Ta MPUHIUINU (QYHKITIOHYBaHHS
caMOOpraHi3yrouux MoOUIbHUX Mepexx Ha 0a31 texHosorii LTE, a Ttakox

OOTPYHTOBAHO JOIIBHICTH 1X BIPOBAHKCHHS Y CY4aCHUX Mepexkax 3B’ SI3KY.



Jpyruii po3ais npucssueHo aociimkeHHio ¢izuunoro piBas LTE, 30xpema
posrisiayTo TexHosorii OFDM ta MIMO, ix B3aeMo/1it0 Ta BIUTUB Ha MPOAYKTUBHICTh
Mmepexi. Onrcano mepexeBy apxiTektypy SAE sik ocHoBy iH(ppacTpyktypu LTE.

Y TperboMy po3aiji po3poOJCHO METOJMKY YaCTOTHO-TEPUTOPIATBHOTO
rianyBanHs LTE-mepexi 111 yMOB BEJIMKOTO MiCTa, BAKOHAHO PO3PaXyHOK KUTBKOCTI
CTUIBHHUKIB 1 MapaMeTpiB MOKPHUTTS, & TaKOX MPOBEACHO IMITALIIIHE MOJIEIIOBAHHS
IPOEKTOBAHOT MEPEXKI.

Metoamn AO0CHiIKeHHS: TEOPETUYHHUI aHaii3, MaTeMaTUYHE MOJEJIOBaHHS,
PO3paxyHKOBI METOJIH, IMITAllIMHE MOJICJIFOBAHHSI.

PexoMenaanii 1moa0 BHKOPHUCTAHHA Ta pe3yJdbTATH BIPOBAIKEHHS.
3anponoHOBaHa METOJMKA MOXe OyTHM BUKOpHCTaHa Mif 4ac npoektyBaHHs LTE-
MEPEXK Y IMIIITHHO 3a0yI0BaHUX MIChKUX 30HaX. ImiTamiiina mogens y OPNET no3Bossie
nepeBipuTH e(PeKTUBHICTh TEXHIYHUX PIIICHbh HA €Talll TJIaHyBaHHS Ta aJalTyBaTH

napameTpH Mepexi A0 JUHAMIYHUX YMOB PEAIbHOTO CEPEIOBHILA.



ABSTRACT

Relevance of the work. The growing demand for high-speed wireless services
in urban areas necessitates the use of modern mobile communication technologies
capable of providing high quality of service to users. LTE technology, combined with
the principles of Self-Organizing Networks (SON), enables automation of
configuration, optimization, and self-healing processes, which is critically important in
densely populated urban environments. Analysis of the LTE physical layer, modeling
of radio interface characteristics, and frequency-territorial network planning allow for
efficient design of mobile communication systems taking into account real
environmental conditions.

Keywords: LTE, self-organizing network, OFDM, MIMO, SAE, OPNET,
physical layer, simulation modeling, radio interface, frequency planning.

Object of the: the process of designing and planning mobile infocommunication
networks based on LTE technology with elements of self-organization.

The purpose of the research: to analyze the principles of functioning of self-
organizing LTE networks, to develop a methodology for evaluating LTE physical
characteristics, as well as to carry out frequency-territorial planning and simulation
modeling of an urban LTE cellular network using the OPNET environment.

Structure and scope of the work: the work is presented on 47 pages of printed
text and includes 15 figures, 2 tables, and 23 literature sources. The thesis consists of
an introduction, three chapters, conclusions, a list of abbreviations, and a list of
references.

The first chapter analyzes the concepts and principles of operation of self-
organizing mobile networks based on LTE technology and justifies the feasibility of
their implementation in modern communication systems.

The second chapter focuses on the study of the LTE physical layer, in particular
the OFDM and MIMO technologies, their interaction, and their impact on network

performance. The SAE network architecture is described as the foundation of the LTE



infrastructure.

In the third chapter, a methodology for frequency-territorial planning of an
LTE network for a large urban area is developed. The number of cells and coverage
parameters are calculated, and simulation modeling of the designed network is carried
out.

Research methods theoretical analysis, mathematical modeling, calculation
methods, simulation modeling.

Recommendations for use and implementation results. The proposed
methodology can be used in the design of LTE networks in densely built-up urban
areas. The simulation model allows for verification of the effectiveness of technical
solutions at the planning stage and adaptation of network parameters to the dynamic

conditions of the real environment.
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BCTYII

CyuacHi 6e31poToBi ITU(GPOBI KOMYHIKaIlii TEMOHCTPYIOTh CTPIMKUH PO3BUTOK,
3HAYHOIO MIPOI0 3aBJSKH IPOTPECY B Tally3l MIKPOCJIEKTPOHIKH, IO 3abe3rnedye
CTBOpEHHS BCE OLIBII MOTYXHUX, ajie JOCTYITHHUX 3acC001B 3B’ SI3KY.

OpHuM 13 TIEPCIEKTUBHUX HAMPSIMIB TEIEKOMYHIKAIlI € caMOOpraHi3oByBaHi
oe3aporoBi Mepexi. Taki wmepexi 31aTHI  (YHKLUIOHYBaTH 0€3 MOINEpPEeaHbO
no0y0BaHoi 1H(YPACTPYKTYpPH, L0 JO3BOJISE MIBUIKO PO3rOPTATH IX Y PI3HUX YMOBAX.
Camoopranizailisi B Mepexax — 1€ IPUHIIMIL, SIKAUW 3HAXOJIUTh 3aCTOCYBaHHS HE JIUIIIE
B TEJIEKOMYHIKALISX, a U y O10JIOTYHHUX, €KOJOTIYHUX Ta COLIAIbHUX CUCTEMAax, JIe
CIIOCTEPITAETHCS MOI0HA CKITaTHA TOIOJIOTISI B3aEMO/II1 €JIEMEHTIB.

OnHi€ro 3 KIOYOBUX TEXHOJOTIH, 10 peaiizy€e NMPUHIMIIN CaMOOpTaHi3allii, €
LTE (Long-Term Evolution), sxa po3po6msierbcs B Mexax mpoekty 3GPP (Third
Generation Partnership Project).

Texunonoris LTE 0a3yerbcss Ha BUKOPUCTaHHI Cy4YaCHHUX  METOJIIB
OaratouyactotHoro MmynbtuiiekcyBanHs (OFDM) 1 miarpumye IP-opieHToBany
apxitektypy SAE (System Architecture Evolution). Bona mno3Bosisie 3a0e3neuntu
BUCOKY IIBHJKICTh NEpeJaBaHHS [aHUX, CQEKTUBHE BHKOPUCTAHHS YaCTOTHOTO
CHEKTPY, 3MEHIIIEHHSI €HEePTrOCIIOKUBAHHS MPUCTPOIB 1 3HIKEHHSI BAPTOCTI HAJlaHHS
TEIEKOMYHIKalIMHUX MOCIIYT.

Mertoro 1i€i poOOTH € POo3pOOJICHHS METOJUKH YaCTOTHO-TEPUTOPIATBLHOTO
IJIaHyBaHHS Ta 1MiTamiiiHoro woaemoBanHs Mepexx LTE wa ¢izuudnomy Ta
MepexxeBoMy piBHsAX. lle 1o03BonMTh OOIpYHTYBATH ONTUMAJbHI MIAXOAU 10
MPOEKTYBAHHS CYyYaCHUX TEICKOMYHIKAllIMHUX CHUCTEM 3 ypaxyBaHHSM TEXHIYHUX,

€KOHOMIYHHX 1 MPOCTOPOBHX MMapaMETPIB.
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BUCHOBKH

Y Xoxl BUKOHAaHHA JUIUIOMHOI pPOOOTH OyJI0 KOMIUIEKCHO JIOCIHIIKEHO
MPUHIUANKM MOOY0OBH CaMOOPTaHI3YIOUMX MOOUIBHMX MEPEK Ha OCHOBI TEXHOJIOTII
LTE, po3po0ieHO0 METOAMKY OLIHKH  XapaKTepUCTHK  (PI3UYHOrO  piBHA
pamioinTepdeiicy, a TakoK BUKOHAHO YaCTOTHO-TEPUTOPIAJIbHE IMJIAHYBAHHS MEPExKi
LTE 3 nogansmmM iMiTariiioum mojientoBandsaM y cepeaopuiii OPNET.

VY mepumioMy po3aiii po3MNISITHYTO MOHSTTS CaMOOPTaHi3ylOUHMX CHUCTEM Ta
cienndiky iX 3acToCyBaHHS B MOOUIBHOMY 3B’s3Ky. bylo mnpoananizoBaHO
apXITEKTYpy Ta (PYyHKLIOHAIbHI OCOOIMBOCTI MOOUTBHUX CaMOOPraHI3yIOUUX MEpex
(SON), sxi J03BOJNSAIOTH 3MEHIIUTH CKCINTyaTalliiHl BHTPATH, IIiJBHUIIUTH
POJAYKTUBHICTh MEPEXK1 Ta aBTOMATHU3YyBaTH Mpoliecu KoHirypariii, ontumizaiii Ta
caMOBIJHOBJIEHHs. Bu3zHaueHo, mo 3actocyBanHs SON y cucremax LTE € kiirouoBuM
JU1s 3a0€e31eYeHHs BUCOKOI SIKOCTI 00CITyTrOBYBaHHS B YMOBAX 3pOCTar0uoro Tpadiky.

VY npyromy po3zauii copMoBaHO METOAUKY OLIHKK XxapaktepucTuk LTE Ha
¢13uaHOMY piBHI. JleTambHO PO3TIIIHYTO IPUHITUIH 1100y 10BU pasgioinTepdeiicy LTE,
BKJIOYaroun 3actocyBaHHs TexHosorii OFDM Tta MIMO. IlokazaHno, 110
BUKOpUCTaHHs OaratoroHoBOi mMonyssinii OFDM 3a0e3neuye BUCOKY CHEKTpabHY
e(DEeKTHUBHICTD 1 CTIMKICTH 10 MI?)KCUMBOJIbHUX 3aBajl. bararoantenni cucremu MIMO,
y CBOIO 4epry, AO3BOJISIIOTh MIABUUIUTH MNPONYCKHY 3IATHICTh 1 SIKICTh Iepezadi
nanux. IIpoBeaenuit awnamiz B3aemojii TexHonorii MIMO-OFDM mniarBepaus
JOIIIBHICTh iX KOMILJIEKCHOTO BUKOpucTaHHS B Mepexkax LTE. Takox Oyino
0XapaKTEepPU30BAHO APXITEKTYPY €BOJIOLIITHOT Mepexi foctymy (SAE), sika € 0CHOBOIO
U1l TOOYT0BU €(PEKTHBHOT MEepekeBOi 1HQPACTPYKTYPH.

VY TperboMy po3aiial  po3poOJEHO METOAUKY YaCTOTHO-TEPUTOPIATBEHOTO
mianyBanHs LTE-mepexi 71 yMOB BETMKOro MicTa. BUX0as4u 3 MOYaTKOBUX JJAHUX,
BUKOHAHO PO3PAaXyHOK TMapaMeTpiB MIChKOi CTITBHUKOBOI MEpeXi, BKIIOYAIOYH
BU3HAYEHHSI KUIBKOCTI 0a30BUX CTaHIIA, pajJilyCiB MOKPUTTS, PO3PAXyHOK

HABaHTAXEHHS Ta MIPOITYCKHOI 37aTHOCTI. J[J151 mepeBipKu KOPEKTHOCTI pO3paxyHKIB Ta
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OLIIHKK e(QEeKTUBHOCTI (PYHKI[IOHyBaHHS Mepexi OyJo 3ailiCHEHO 1MiTaliifHe
MO/ICJIIOBAHHS, SIK€ JI03BOJIMJIO Bi3yalli3yBaTH IPOLECH NEepenadl JaHuX, IEPEBIPUTH
(YHKLIOHANBHICT, MPOTOKOMIB Ta OLIHUTH SKICTh CEpBICY MpPHU PI3HUX YMOBaxX
Tpadiky.

Pesynpratn pobotn miATBEpKYIOTh, 1m0 TexHojoris LTE, y moexHanHi 3
OPUHIIMIIAMHU CAMOOPraHi3alli Ta CydacCHUMU 3ac00aMH IJIaHyBaHHS i1 MOJEIIOBAHHS,
103BOJIsI€ e(eKTUBHO OyayBaTH MOOUIBHI MEpeKi HOBOTO ITOKOJIIHHS 3 BHCOKHUM
pIBHEM aJanTUBHOCTI, NPOJYKTUBHOCTI ¥ HaAIHOCTI. 3alpONOHOBAHA METOJMKA
YaCTOTHO-TEPUTOPIAIBHOIO  IUIaHYBaHHS  Ta  BUKOPHUCTAHHS  IMITALIITHOIO
MOJICJTFOBAHHS € aKTyaJIbHUMHU 1HCTPYMEHTaMU JJIs1 1HKCHEPIB TEJIEKOMYHIKAIIMHUX

cucrteM y miporieci mpoektyBaHHsi LTE-Mepex y ckiaagHuX MICbKUX YMOBaX.
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