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PE®EPAT

JIUTIIOMHUNM MPOEKT MICTUTh: (3 CTOPIHOK, 25 PHCYHKIB, / Tabmuii, 25

IIOCHUJIaHb.

i mpoexkTy — MOJENIOBaHHS Ta aHaji3 sKocTi obciyroByBaHHs (QoS) y
Mepexxax 5G. Pobora Bkirodae po3poOKy 1 Bamigamiro Mopelel 1y €(heKTHBHOTO
PO3MOAUTY pecypciB, ympaBmiHHS TpadikoM 1 3a0e3MeueHHS BUCOKWX CTaHAApTIB

QoS, a Takox OIIIHKY IPOYKTUBHOCTI.

Mepexi 3B's13ky n'sitoro nokomiHHs (5G) € HOBUM TEXHOJOTIYHUM CTPUOKOM y
chepi TenexkomyHikaiid. BoHu BupinryoTh 6arato mpobiiem, 1Mo He MpUTaMaHHI
MepekaM TMOoMepeHIX MOKOJIHb, HAPUKJIIA, peaizalio HeoOX1HOI SIKOCTI 3B'SI3KY

IIpU 3pOCTaHHI A0OHEHTCHKUX MPUCTPOIB, HECTAUl YACTOTHHX J1aNa30HIB TOMIO.

PoGota 0a3yeTbcs Ha KOMMO'IOTEPHOMY MOJEIOBaHHI Ha MoBl CHt,
3aCTOCYBaHHI MPOTPAMHUX IHCTPYMEHTIB JJISI CUMYJISIT MEPEKEeBUX IPOIIECIB Ta
aHaii3 pe3ysbTaTiB JJi1 BU3HAYEHHS ONTUMAIbHUX CTpPATeridl yrmpaBiiHHSA TpapikoM

Ta PO3IMOILITY PECypCiB.

KimrouoBi cnoBa: 5G, QoS, sKicTh 0OCIyroByBaHHS, aHai3, MOJCIIOBAHHS,

Mepexa 3B's3Ky SQ.



ABSTRACT

The thesis contains: 73 pages, 25 figures, 7 tables, 25 references.

The goal of the project is to model and analyze quality of service (QoS) in 5G
networks. The work includes the development and validation of models for efficient
resource allocation, traffic management and ensuring high QoS standards, as well as
performance assessment.

Fifth-generation (5G) communication networks are a new technological leap in
the field of telecommunications. They solve many problems that are not inherent in
networks of previous generations, for example, implementing the required
communication quality with the growth of subscriber devices, lack of frequency
bands, etc.

The work is based on computer modeling in the C++ language, the use of
software tools for simulating network processes and analyzing the results to
determine optimal traffic management and resource allocation strategies.

Keywords: 5G, QoS, quality of service, analysis, modeling, 5G communication
network.



AHOTALIIA

MopnentoBaHHsl Ta aHami3 sikocTi oociyroByBanHs (QoS) y mepexax 5G — ue
BXJIMBUM AacleKT PO3BUTKY CY4YaCHHX TeEJIEKOMYHIKamiiHuX Mepex. Llg Tema
OXOIUTIOE JOCIPKEHHS Ta pO3pOOKY METOIB MOJEIIOBAHHSA, IO J03BOJISIOTH
OLIIHIOBAaTH Ta ONTHUMI3YBaTH SIKICTb 0OCIYyroByBaHHs B Mepexax 5G. BaximBumu
acrieKTaMu € 3a0e3MeYeHHs] BUCOKOT MPOITyCKHOI 3JaTHOCTI, HU3bKOTO 300I0BaHHS Ta
HaIIMHOCTI MmiAKIoUueHHs. Mogeni QoS jornoMararoTh BH3HAUWTH, SK Pi3HI
nmapaMeTpu Mepexi BIUIMBAIOTh Ha 3arajbHy SKICTh OOCIyrOBYBaHHS, IO €
KJIIOYOBMM  JUIs  3aJIOBOJIEHHS  MIJBMILEHUX  OYIKYBaHb  KOPHCTYyBadiB Yy

BHCOKOCKOPOCTHHX MCPCKax.



SUMMERY

Modeling and analyzing quality of service (QoS) in 5G networks is an
important aspect of the development of modern telecommunications networks. This
topic covers the research and development of modeling methods that allow evaluating
and optimizing quality of service in 5G networks. Important aspects are ensuring high
throughput, low failure and reliable connection. QoS models help determine how
different network parameters affect the overall quality of service, which is key to

meeting the increased expectations of users in high-speed networks.
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IEPEJIIK CKOPOYEHDb TA YMOBHHUX ITO3HAYEHb

QoS — Quality of Service (sIKicTb 00CITyTOBYBaHHS )
0T — Internet of Things (iHTEpHET peueii)

FR1 — Frequency Range 1 (miana3zon yactot 1)
FR2 — Frequency Range 2 (niana3zon gactor 2)

NR — New Radio

MIMO — Multiple Input Multiple Output

MMTC — Massive Machine Type Communications
URLLC — Ultra Reliable Low Latency Communications
eMBB — enhanced Mobile Broadband

5GQI — QoS Identifie

ARP — Allocation and Retention Priority

GFBR — Guaranteed Bit Rate

MBR — Maximum Bit Rate

PDB — Packet Delay Budget

PER — Packet Error Rate

TDD — Time Division Duplex

NMS — Network Management System

NFV — Network Functions Virtualization

SDN — Software Defined Networking

LDPC — Low-Density Parity-Check

QAM — Quadrature Amplitude Modulation

HARQ — Hybrid Automatic Repeat Request

TCP — Transmission Control Protocol

TBS — Transport Block Size

UE — User Equipment



BCTYII
QoS (Quality of Service) — 1ie TexHosoris, sika 3a0e3mneuye NEBHUN PiBEHb
SKOCTI JIaHWX, IO TIEPeqaloThCs B Mepexki. BiH BUKOPUCTOBYEThCS IS KEPyBaHHS
Tpadikom, MO0 MEPEKOHATHCS, 0 BAXKJIUBUM JaHUM, TAKUM SK TOJOCOBI BUKIUKH
9M BiZIcOKOH(DEPEHIIii, HaTa€ThCS MPIOPUTET HAJ MEHII BOXKJIMBUMHU JAHUMH, TAKUMU
K 3aBaHTaXKCHHA (aitmiB abo meperysim Bimeo. QoS mgomomarae MiHIMI3YBaTH

3aTPUMKY, 3MEHILIUTHU BTPATy JaHUX 1 3a0€3MeYUTH CTaOlIbHE 3’ €THAHHS.

5G — me m’sTe MOKOJIHHS TEXHOJOril MOOUTRHOTO 3B’S3KY, SIKE MPOIOHYE
3HAYHI TOKpAIllEHHS MOpPIiBHAHO 3 momepenHiMu nokomiaaamMu (4G 1 3G). 5G
3a0e3nedye BUILY I[MIBUAKICTh TMepenayl JaHWX, MEHINY 3aTPUMKY Ta OLIbIIY
MPOITYCKHY 3J4aTHICTh. Lle mae 3mory miaTpuMyBaTd OLIbII CKJIaJHI Ta BUMOTJIUBI
IporpamMu, Takl SK aBTOHOMHI TpaHcnopTHi 3acoOu, I[utepner peueir (IoT) 1

BipTyasibHa peanbHicTh (VR).

QoS 1 5G TicHO TOB’s13aH1, OCKIIbKU 5G BUKOPUCTOBYE TexHOJOTIi QoS st
HaJIaHHSI BUCOKOSIKICHUX MOCIHYT JJisl pi3HUX TUIiB Tpadiky. Lle 0co0ImuBO BaxIIMBO
JUIS TOJIATKIB, SIKI IOTPEOYIOTh HU3BKOI 3aTPUMKH Ta BUCOKOI IIBHUIKOCTI, TAKUX SIK

aBTOHOMHI TPaHCIIOPTHI 3aco0U Ta BipTyalibHA PEabHICTb.
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