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5G TexHONOrMnH ceptndurKatbiH cyprant (5G Technology
Training Courses)

3G 6a 4G TexHonornmH ceptndunKaTbiH cyprant (3G 6a 4G
Technology Training Courses)

5G 4nrnanaap xmnrasx bamraa cyganraaHbl YATINYYA,
5G 4nMrnans3ap XMUracsH cyaanraaHbl axkayya,

5G 4Ynrn3n33p XMNX LaallablH cyaaaraaHbl YATASN
TypLnAT, cyaanraaHbl matepmannar 6aas



1. 5G Engineering

4. 5G Engineering
Overview (On-
Demand)

7. Multi-Access Edge
Computing (MEC)

10. 5G Architecture
and Protocols (On-
Demand)

2. 5G Cell Planning (On-
Demand)

5. 5G Air Interface (On-
Demand)

8. 5G Radio Access Network
(On-Demand)

11. 5G Network Slicing

3. 5G Service Based Architecture
and Core Network (On-Demand)

6. 5G Technologies, Services and
Markets (On-Demand)

9. 5G Architecture and Protocols
Overview (On-Demand)

12. 5G Infrastructure and
Operation




5G introduction, key features and standardization

Use cases and performance objectives

Principles of the air interface: radio spectrum, OFDMA and multiple antennas
Air interface protocol stack

Architecture of the air interface physical layer

Procedures for data transmission and reception on the 5G air interface

Radio access network architecture and protocols
Non-standalone and standalone deployment options
Core network architecture and protocols

Network function virtualization and network slicing
Interworking and compatibility between 5G, LTE and Wi-Fi
PDU connectivity, Quality of Service and service provision
Signaling procedures in the 5G network




2. 5G Cell Planning
(On Demand)

Fundamentals of the 5G Air
Interface

* Link Budget Estimation
* Coverage Estimation

* (Capacity Estimation

* RSRP, RSRQ and SINR

* Parameter Setting

3. 5G Service Based Architecture

and Core Network (On-Demand)

* 5G Introduction and Deployment
Options

* The 5G Core Network Functions

* 5G Core Supporting Protocols and
Technologies

* The Service Based Interface (SBI) and
Service APIs Explained

* Procedures
Deployment options

* SBI Security



5G introduction and key features

Standardization and timelines for 3GPP and the ITU
Use cases and performance objectives

Radio spectrum and millimeter wave communications
Principles of radio transmission and reception in 5G
Radio access network architecture

Non standalone and standalone deployment options

Core network architecture

Network function virtualization and network slicing
Interworking and compatibility between 5G, LTE and Wi-Fi



5G introduction, use cases and standardization

Radio spectrum and millimeter wave communications
Principles and implementation of multiple antennas in 5G
Architecture of the air interface physical layer

Details and implementation of the 5G physical, transport and logical
channels

Air interface procedures for synchronization, scheduling, data
transmission, feedback and random access

Dual connectivity architecture and protocol stacks



Introduction to 5G

Market drivers for 5G

Use cases for 5G

Performance objectives and spectrum requirements
Concepts and key features of 5G

Architecture of the core and radio access networks of 5G
Voice services in 5G

Key industry and market players
Standardization and timelines for 3GPP and the ITU
5G, LTE and Wi-Fi — a holistic approach



7. Multi-Access Edge
Computing (MEC)

Introduction

Enabling Technologies (Cloud and
NFV)

Enabling Technologies (4G/5G)
MEC Architecture

Use Cases

MEC standards and APIs

Annex A Detailed Use Case Study

= b &
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8. 5G Radio Access Network
(On-Demand)

* Introduction to 5G

e 5GRAN

* NG Interface Messages and Procedures
* Xn Interface Messages and Procedures

* E1 Interface Messages and Procedures

* F1 Interface Messages and Procedures

e Multi-RAT Dual Cennectivity




5G introduction, use cases and standardization

Radio access network architecture and deployment options
Network architectures for dual connectivity

Architecture of the 5G core network

Network Function virtualization, slicing and orchestration
Interworking and compatibility between 5G, LTE and Wi-Fi
PDU connectivity, Quality of Service and service provision
Control plane and user plane protocols in the 5G network
Implementation of network function services using HTTP/2
Signaling procedures for registration, security and session management
Network operation in Idle, Inactive and Connected modes



5G introduction, key features and standardization

Use cases and performance objectives

Radio access network architecture and protocols

Non standalone and standalone deployment options

Core network architecture and protocols

Network function virtualization and network slicing
Interworking and compatibility between 5G, LTE and Wi-Fi
PDU connectivity, Quality of Service and service provision
Signaling procedures in the 5G network



. 5G Network Slicing

Introduction to 5G, Use
Cases and Connectivity °

5G Slicing *

Slice Development and
Deployment

12.5G Infrastruture and |
Operation

Introduction to 5G
Principles of the 5G New Radio
5G Air Interface

Radio Access Network
Architecture

Core Network Architecture
Data Transport

5G Protocols

5G Procedures

Releases 16 and 17



1. XepenreeHT xon600HbLI 3G, 4G cyypb TeXHONOTU

e System, application, technology, channel

e Spread Spectrum Technology CDMA and WCDMA
e MIMO Space Time Coded Wireless Systems

* OFDM



2. 3G XepenreeHT xonboo

Introduction to 3G technology
Radio access and core network overview.
WCDMA basics

UMTS codes and spreading, channels and mapping of
channels, protocols and security, packet scheduling,
architecture, etc.

IP multimedia subsystem
Call setup and tear down procedures.
3G radio link concepts

Concepts of HSDPA and HSUPA

3.4G LTE

LTE Overview

LTE Basic Parameters

LTE Roaming Architecture

LTE Numbering and Addressing
LTE Radio Protocol Architecture
LTE Protocol Stack Layers

LTE Layers Data Flow

LTE Communication Channels

LTE OFDM Technology



“Resource Allocation Optimization for D2D Communications on 5G Cellular Networks”
— BHXAY-bIH HaHXWHbI X CypryyaninH Xoxam CypryyimmH 4OKTOpaHT ©.byanxnwur

“Spectrum sharing between 5G and Wi-Fi using Deep Reinforcement Learning (DRL)” —
AnoHbl TOKyWwWMma nx cypryyamimH goktopaHT P.baapmaa

“Dynamic Spectrum sharing between 4G and 5G networks” - LUYTUC-uiH MXTC-nitH
AOKTOpaHT Y.010y

“Study on the broadband design of circularly polarized microstrip patch antenna with
diamond-shaped artificial ground structure” - P.Uuganbayar, Department of Computer
Science and Electrical Engineering, Graduate School of Science and Tehnology
Kumamoto University, Japan

“Aperture-shared Multi-port Pyramidal Horn Antenna with Rectangular Dielectric
Resonator for 5G Applications” — B.Purevtseren, Department of Computer Science and

Electrical Engineering, Graduate School of Science and Tehnology Kumamoto University,
Japan

“eMBB deployment in 5G” - LUYTUC-ntH MXTC-MH AOKTOPAHT 3.9pA3H3TyAa



5G MaccmuB MIMO cuctemMuiiH Laypar Xxanb3pKyynsarynimH cyganraa. b.Muumngmaa, 6.0troHbasp

5G cynK33rasp OTT yunumnras HIBTPYYA3IX 60N10MKUIH cyganraa. T.bambacap, I Xuwwnrkapran

5G 6a WIFI XaMTbIH CYNXK39HUU CNEKTPUNH YP aLUTMUT A33LWAYYA3X cypanraa. [ IHXCYpP3H,
N.3ppaHabasp

YYp3H X0N1600HbI 5G Cy/1K33HMM pagmo [OATMOHbI XyBaapuUAanTbiH cyganraa. b.Hambasp,
6.OTroHbasp

5G cy/mKasHA cyypuncaH loT-r MaHAanbroBb X0ToA, XerkKyynax 601o0mMmXuiH cyaanraa. A.MluUMHHOpPOB,
N.3ppaHabasp

MoHron yncapg 5G cynKasaHuii cyypb CyxKa3 6anryynax 6onom»kuidH cyganraa. 4.CanxaHobumnar,
MN.HamcypaH

5G YHAC3H CY/13K33r HIBTPYY/13X XyBMA6apyyAbiH Xapbuyynant. M.baacaH»kapran, 6.0OtroHb6asp
5G TeXxHONOrunH cyganraa. T.0cexbona, I Xuwurkapran
5G CYyN1)XK99HUM HeeL, XyBaapuUaanTblH cyaanraa, 3apum yp AyH. 3.0TroH3ana, b.0OTroHbasp



DSS in 5G Heterogeneous networks

Heterogeneous Spectrum usage based
on Geo-location

Multi-user MIMO Communication
Backhaul challenges in 5G Networks

User Mobility for 5G Small-cell Network®

5G Ultra dense Networks

mmWave for 5G Mobile
Communication system

Energy efficiency gain in 5G Wireless
system

Radio Resource management and light
MAC[Medium access control]

Spectrum efficiency for 5G Networks

Air Interface and multi-cell joint
processing

Wireless Cloud based applications

5G Coverage and spectrum implications
5G and Internet of things

Antennas and propagation

Resource allocation D2D, V21 and V2E
connectivity



. O350 TYBLUHWKA
©Haep ryMu3TranT3n Mantumeama cTyam, Buptyanb M3ﬂ3?""“j‘“ cvnmaun?rexuonoru
TooLconnbIH nabopartop KoMMbloTep Xapaa Toouoonon atoynryu 6anpan Advanced Computer
(High Performance (Multimedia Studio & (Virtual Cyber Security Networking Research
: ; o i Lab

Computing Environment)  Computer Vision Lab) Calculation Lab) Lab

() ,ot'l

A | &2

0334 TyBLWHWA yTacryn Paguo pasramx Yun ausanH 3m6ennsa cuctem Ga Mobannb TooLuoonon

X0n0OoOHbI TEXHOMNOIM 6a aHTeH Chip Design Lab po6oTHKC Mobile Computing Lab

Advanced Communication RF and Antenna Embedded & Robotics
Technologies Lab Lab System Lab



YHOC3H YWUIN AXKUNNATAA

AHTEHH, GMYMN [ONTMOHLI TEXeepeNKYYAUAH 3areapyunarn, yrcpant, XaMKUNT; yTacryil XonbooHbl CUCTEMYYAWIH apXUTEKTYp, TOOLIOONOrT;
JONMMOH TapXanT, uaxurnraaH COPOH30H 30XMLMbIH XON6Goraox acyyanyyasir cyaanda

CYOAJITAAHBLI XAMPAX XYP33

- HorooH magaanan, xonbooHbl TexHonoruya, acyyanyyn - Buumn ponrmoH 6GonoH MM-H  OONMMOHBI  X3P3rcnuiiH - cyganraa,

- Laxunraan copoHaoH Heneenen 6a 30xuunbiH cyganraa sarsapynan

- Llaxunraan copoH30H MartepuarnbiH 3areapynarn, Xaparnsa - [Napaa yeuiH xonBooHA 3opuyncaH CMeKTPUMUH eHOep yp aluurrai

- Paguno paBtaMxuMidH Xanxaa Ba anemeHTYYAWRH 3arsap4ynan aHTEeHHbI Cyaanraa, aarsap4nan

- Tycrail 3opuynanTbiH  aHTEHH (UOEPUAH  CUCTEMUAH - MIMO TexHornorm 6a yxaanar TOPOH aHTeHHbl CUCTEMWAH cyganraa,
XenKyynant 3arsap4nan

- AHTeHH, RF TexeepeMXWinH XWiALL, yrecpanT, XamxunT

aok (Ph.D) [HokTopaHT

HKaB3aHoypaH H Yynyynbanam H.3paoaHaxyy B.ApuyH3ana Y.0woy

NABOPATOPUMH rULLYYL,

[okTopaHT
M.¥yranbaap

HokTopaHTt
B.Myp3asy3paH
|_javzansuren@must.edumn  chuka@must.edumn  erdenekhuu@must.edu.mn b.ariunzaya@must.edu.mn  oyu_ch@must edu.mn p.uuganbayar@mustedu.mn  purevtseren_b@must.edu.mn

XAMTbIH AXXKUITTAFAATAN UX CYPIYYNb, BAUIYYNNAryyQ

BHCY-biH "ACE Technologies"” komnanu - 3.6asumeHx (Ph.D), "Base Station Antenna (4G and 5G)" canbapbiH axnax uHxeHep
KymomoTto Ux Cypryynb, RF 6a aHTeHbl nabopatopw, Npoceccop Takewmn PyKkycako



NaGopaTopuUrH X3aMXUNTYYA

NABOPATOPUWH YHOC3H TOHOI TEXEOPOMXYY]

Vector network analyzer
Spectrum analyzer
RF signal generator
Selective radiation meter
RF calibration & test kits
Anechoic chamber
» SNF-RAZ-0.7 (0.5-20GHz)
» OwipblH 3aiH xamxunt (Near-field
measurement)
» XofblH 3aiH LauapranTblH napaMmeTpuinH
Toouoonon (Far-field calculation)
Simulation programs
» CST Studio Suite

ANECHOIC CHAMBER
SNF-RAZ-0.7

Antenna positioning and
control system (0.5-20GHz,
Antenna Size : Dia. 0.7m, Up

to 18Kg,

PNA network analyzer
(Keysight N5222B 10 MHz

OponTblH 3C3 an
P PIYYLY to 26.5 GHz)

AXnNbIH JaBTaMXWUIH Llap
TapxanTbiH KO3apULMEHT

AHTEHHbI YUINIANUIAH XapaKTEPUCTUK ) .
©crenTuitH 6OMOH YIUNYN3X YUIMBNUAH KO3 PULMEHT Broadband Probe

30rcoo AoNrMoHbl KO3MMULMEHT, NYArY AONTUOHbI ‘ Antenna

koachbcpuLMeHT ﬂ NSI-RF-RGP-40

(4.0-40 GHz), NSI-

RF-RGP-10 (0.7-10

GHz), NSI-RF-RGP-
370 (0.37-6 GHz)

Standard Gain Horn Assembly
(ANT-SGA-0.75-26.5-ABS)

Tynnwpan, AR
AHTEHHbI aLlWUIT YANUIAH K03, angaranyyn

XOINnBOO BAPUX XAAI
B3, 22-p xopoo, MXTC, 212 TooT. www.sict.edu.mn

b.ariunzaya@must.edu.mn

» SNF-RAZ-07 Hb Garaac ayHg

©CrefTTal aHTEHHbI YYCrax
OWPbIH OPOHTUIAH XIMXUNTUIAT
3 XxamxaacT 6embepLier
x3n063paap AYPCAax Yagamx
Oyxuit cuctem.

» AHTEHH 6a OpOHrUAH Byxuin n

LUMHXUNII3 Tyxannban
LauapranTbiH Avarpam
OPOHIVNH aryypruitH 60moH
a3blH TapxanTtbiH guarpam
33PTUIAH XIMKUNTUIAT XUIDK
TYYHUIAT eHaep
Yagamxranraap OypcnaH
XapyynHa.

CuHCTEMUIAH Nporpam XaHramx
Hb ©rerffninH LWUHXUNT33HUA
X OypaH Barubir aryyngar
6Geree/1 Har ereranuitH 6arw Hb
aHTEHHb! 8CTeNT, XaxXyyrinH
13n633HU ByTaLl,
LauapranTblH YArman,
XeHAeH Ty/inwparnbiH
Tanaapx mMagaannir
aryyngar.

89016683



YHOC3H YUN AXUNNATAA

5G, 3yncuinH nHTepHeT (1oT), HoracaH CymkaaHU Ou3aiH, YTacryin Magpard cymkaa, CaHcepbiH Xon6ooHbl 60MoH ©Haep

ah

XypAHbI PreH 3ypBachlH YHAC3H CYIDK3I3HUI cyaanraa
CYOAIITAAHbI XAMPAX XYP33

-5G -ONTUK MoaynauuitH cyganraa -CaHcpbIH xon6oo
-OAM TexHonorviiH cypanraa -PON

-FSO
-YTacryi Magpard cyrmkas

CYOANTAAHbI TABOPATOPUIMAH rULLYYQ

-3YUNCUIAH NHTEepHeT (loT)

B.OTroHGasap I Xvwwmnkapran LL.ManGong A MeHxGaap C.barpganan
©preH sypBacbiH ~ 2G,WWimax TEXHOMNOrM, CYIDK33,  3yjincuitn nHTepHer (1oT) OnTHK xon60o, PON OAM,FSO OnTuk MoaynsaL
JamMxyynax TexHomnoru CaHcpbIH xon6oo batdalai@must.edu.mn

3.ByaHxumr

khishigjaral@must.edu.mn sh_ganbold@must.edumn a_munkhbayar@mustedu.mn
zbuya@must.edumn otgonbayar_b@must.edu.mn

XAMTbIH AXKUNNATAATAU UX CYPIYYIb, BAUIYYNNATYYQ



NABOPATOPUWH YHOC3H TOHOI TEXOOPOMXYY[

AWGT70000B Arbiti Wavef G t loT System Design and Validation .
M —— itrary Waveform Generator Fundamentals, with Training Kit InfiniiVision 1000 X-Series N9000B CXA Signal
: ; ’ Oscilloscope OX1204G Analyzer
Fourier Transform Optical Spectrum
Analyzer
CYOAITTAAHBI YP OIYH

= B. Sukh, H. Kishikawa, N. Goto and G. Shaadar, "All-Optical Modulation Format Conversion From QPSK to Symbol Rate Doubled BPSK Using FWM and Pulse

= M. Adiya, H. Kishikawa and N. Goto, "Efficient decoding method for M-arv OAM shift keying in FSO link," 2019 24th Microoptics Conference (MOC), 2019, pp.
186-187, doi: 10.23919/MOC46630.2019.8982837.

Opt. Eng. 59(2) 026102 (8 February 2020)
XOJIBOO BAPUX XAAI

B3/, 22-p xopoo, MXTC, 306 TOOT. .sict.edu.mn batdalai@must.edu.mn 99007855



NabopaToprnH TaHUNuUyynra

* loT cynanraanst maGoparopu Hb WUT/Ib-uitn 1000 wmkeHepuilH TOCIHITH
XYp39H] OalryynaricaH, axwcaH TYBIIHHI (Maructp, IOKTOp) CypraiT cynajraa
AByyJax, MeH cyajaay, Oarui, npodeccopyynaaa 30puyjicaH OpUUH YEUIH Iporpam
XaHraM», TOXeepeMKYYAd3p XaHraricaH. JlaGoparopuilH opuuHA Japaax
YUDIAAH CyJlairaa, XerKY YT XUiX 00JIOMKTOM:

Qualnet mporpam ammrian 10T cyIkIIHUN aDXUTEKTYD 3arBapwiax, OHOBYIOX

0T cyypbrail yxaanar CUCTEMUIHH X3MXKUIT TYPIIMAT, XOrKYYIIIT

Jlapaa yeuitH Xe16JT06HT X0JI000HBI X0JI000HKI CYJKIIHUHN 3arBapuiai, CHMYJISLL

Xapuniaa X0JI000HBI CYJDKIIHA MaIliH CypraiT, T'YH CypTralThIH ajJrOpUTM, TYPIIIIT,
cyjairaa

e  Optisystem ammriaan ONTHK CY/DKIZHUHA apXUTEKTYp 3arBapwiax, OHOBUIOX



../Downloads/video-1647857556.mp4

Qualnet cMMynsaUMAH Nporpam

. Qualnet nporpaMbIH caHryya: . SCALABLE 5G Library Hb 3GPP Release 15 93P CyypUncaH. 5G
_ Advanced Wireless Library 3arBapyyAblH cyAanraaHbl OpYHbl GONOMXKYYA:
\\\\ S C A L A B L E - Szl\allll_ll_jg\[%brary . (Tﬂgntﬁji%%mrﬁgt U?tlons Option 3 (Non-standalone mode) and Option 2
A‘.\ NETWORK TECHNOLOGIES : LTE Librlarr;ry . Two execution modes: High fidelity and high performance
- 5G Library . ?A(gr%%rgrﬁgrt]ittifeusnghgy(%b“ug milnagement Function (AMF), Session

® - Federation Interfaces Library A
aua'Net 9 - Cyber Library for Exata 5G RAN entities like 5G NodeB r.m

- TIREM Propagation Library . OFDMA/SC-FDMA PHY

- Military Radios Library . FDD and TDD modes
- Urban Propagation Library . FR1 and FR2 frequency band
- Sensor Networks Library . Hybrid Automatic Repeat Request (HARQ)

- Underwater Communications Networks Library

- . . . ier A i f 1 i in DL L
_ Military Radios Library Carrier Aggregation of up to 16 carriers in and U

. Multiple Input Multiple Output (MIMO)

»m\ol»w . Millimeter Wave (MMW) propagation
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