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 Day 1: 5G 네트워크 기술

 Day 2: Enhanced Mobile Broadband

 Day 3: Private 5G와 테스트베드
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 Day 5: Cloud Native 5G 인프라
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 개요
 5 Nodes in One-box Lab (시연)
 2 Box Lab (실습)
 Cloud Native 5G Network Testbed (실습)
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 (별도) Day 4~5 시연/실습

4 JS Labjames@jslab.kr

 개요
 아키텍처
 Non-Standalone(NSA), Standalone(SA)
 계층별 구성(HW, 가상화, Cloud)
 오픈소스/제조사
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 Day 1: 5G 네트워크 기술
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DAY 1: 5G 네트워크 기술 5

대역폭
개선

대량 접속

5G

초저지연

4차
산업혁명

(4IR)

IoT

양자컴퓨팅

클라우드
컴퓨팅

증강현실(AR)인공지능(AI)

로보트

유전자
엔지니어링

4차 산업혁명
(4IR, The 4th Industrial Revolution)

JS Lab

대역폭
개선

대량 접속

5G

초저지연

DAY 1: 5G 네트워크 기술 6

eMBB
10 Gbps

URLLC
1 ms

mMTC
1 M/km2

*not defined nor deployed; this is estimated data download speed.

eMBB (enhanced Mobile Broadband); URLLC (Ultra Reliable Low Latency Communications); mMTC (massive Machine Type Communications)

Typical 
Download Speed
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대역폭
개선

대량 접속

5G

초저지연

7

eMBB
10 Gbps

URLLC
1 ms

mMTC
1 M/km2

eMBB (enhanced Mobile Broadband); URLLC (Ultra Reliable Low Latency Communications); mMTC (massive Machine Type Communications)
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5G network slicing

DAY 1: 5G 네트워크 기술

JS Lab

1980s 1990s 초 1990s 말 2000+ 2010+ 2019+

1G 4G

3G

2.5G

2G 5G

DAY 1: 5G 네트워크 기술

3GPP(3rd Generation Partnership Project): 이동통신 관련 단체들 간의 공동 연구
프로젝트로 국제전기통신연합(ITU)의 IMT-2000 프로젝트의 범위 내에서 - 전 세계적으로 적용 가능한 -
3세대 이동통신 시스템 규격의 작성을 목적으로 하고 있다. 3GPP 규격은 진보된 GSM 규격에 기반을 두고
있으며, 무선(radio)과 코어 네트워크(core network), 서비스 구조(service architecture)를 모두 표준화
범위에 포함시키고 있다.
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마케팅 용어 ITU 용어 3GPP 용어 RAN 용어 Core 용어 시스템 이름

3G IMP-2000 UMTS UTRAN UMTS Core UMTS System

3.5G Enhanced IMT-2000 UMTS HSPA UTRAN UMTS Core UMTS System

4G IMT-Advanced LTE-Advanced E-UTRAN
EPC (Evolved 
Packet Core)

EPS (Evolved 
Packet System)

5G IMT-2020 5G NR (New Radio) 5GC (5G Core) 5GS (5G System)

6G IMT-2030 6G - - -

99DAY 1: 5G 네트워크 기술

International Telecommunication Union (ITU),  The 3rd Generation Partnership Project (3GPP),  Radio Access Network (RAN)

JS Lab

비지상
AI/ML
사이드링크
Etc.

Source: Image courtesy of Qualcomm Technologies, Inc.

1010

5G NR 기술 기반 Use case / 산업 확대 지속적 확대 / 개선

DAY 1: 5G 네트워크 기술
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Source: https://www.grandviewresearch.com/industry-analysis/private-5g-network-market

DAY 1: 5G 네트워크 기술

JS Lab
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Source: https://www.netmanias.com/ko/?m=view&id=oneshot&no=15444

DAY 1: 5G 네트워크 기술

11

12



7

JS Lab

 Current status of commercialization of private 5G frequencies in countries around the world

June 07, 2022 | By Harrison J. Son (son@netmanias.com)

DAY 1: 5G 네트워크 기술

Source: https://www.netmanias.com/en/?m=view&id=oneshot&no=15513

13

한국 (사업자: 3)
4.720-4.820 GHz , 28.9GHz-29.5 GHz

JS Lab

Source: https://devopedia.org/5g-service-based-architecture#further-reading

1414DAY 1: 5G 네트워크 기술
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Source: ‘Security Requirements and Challenges of 6G Technologies and Applications’ Shimaa A. Abdel Hakeem , Hanan H. Hussein  and HyungWon Kim,  mdpi

1515

5G Networks 보안을 위해 NFV/SDN/Cloud 기반의 기술 필요

DAY 1: 5G 네트워크 기술

JS Lab

DAY 1: 5G 네트워크 기술

지능

직관

Source: Software Networks (Virtualization, SDN, 5G and Security), by ISTE Press Ltd and John Wiley & Sons, Inc. 2020 
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Source: TTA, https://news.v.daum.net/v/20210801060034679?s=print_news

1717DAY 1: 5G 네트워크 기술

** EN-DC: E-UTRAN New Radio – Dual Connectivity

** NR: New Radio

JS Lab
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NR – New Radio

Non Standalone (NSA)

Standalone (SA)

** EN-DC: E-UTRAN New Radio – Dual Connectivity

1818DAY 1: 5G 네트워크 기술
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Source: TTA, https://news.v.daum.net/v/20210801060034679?s=print_news

1919DAY 1: 5G 네트워크 기술

JS Lab

Source: Software Networks (Virtualization, SDN, 5G and Security), by ISTE Press Ltd and John Wiley & Sons, Inc. 2020 

20DAY 1: 5G 네트워크 기술
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DAY 1: 5G 네트워크 기술

Source: Software Networks (Virtualization, SDN, 5G and Security), by ISTE Press Ltd and John Wiley & Sons, Inc. 2020 
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JS Lab

DAY 1: 5G 네트워크 기술

5G
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23

Source: https://levelup.gitconnected.com/opensource-5g-core-with-service-mesh-bba4ded044fa

5G 코어 적용 옵션

LTE + Wi-Fi + 5G

REST API

magma

DAY 1: 5G 네트워크 기술

JS Lab

24

Source: https://mobile.twitter.com/Open5G

Citizens Broadband Radio Service (CBRS) is a 150 MHz wide broadcast band of the 3.5 GHz band (3550 MHz to 3700 MHz) in the United States.

DAY 1: 5G 네트워크 기술
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25

Source: https://store.baicells.com/product/Details?id=82d126c2-90ee-410e-9136-b91d7ab7e9d3&fbclid=IwAR1pJN2aXMTunqvSAoCchTaH7N3BYKHaRAlkRVwhHCAc6i9qVeDVkMiuLgs

Magma officially supports auto-configuration of the following devices:
•Baicells Nova-243 Outdoor FDD/TDD eNodeB

• Firmware Version: BaiBS_RTS_3.1.6
•Baicells mBS1100 LTE-TDD Base Station

• Firmware Version: BaiStation_V100R001C00B110SPC003
•Baicells Neutrino-244 ID FDD/TDD enodeB
Magma supports the following management protocols:
•TR-069 (CWMP)
Magma supports configuration of the following data models:
•TR-196 data model
•TR-181 data model

DAY 1: 5G 네트워크 기술

JS Lab

26

Source: https://www.lteto5g.com/fujitsu-launches-first-commercial-private-5g-network-in-japan/

코어

Base Station

AI

DAY 1: 5G 네트워크 기술
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5G 소프트웨어를 AWS outpost/Local 
zone/Region에 올려 테스트한 기술 파트너 벤더
• Ericsson, 
• Nokia, 
• Cisco, 
• Mavenir, 
• Altiostar, 
• Samsung, 
• Athonet, 
• Celona, 
• Druid, 
• JMA Wireless 등

서버 (2RU)

5G 코어

5G RAN

5G 스몰셀

SIM 카드

DAY 1: 5G 네트워크 기술 27
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2828

Source: https://www.netmanias.com/ko/?m=view&id=blog&no=15484

5G Network의 클라우드 화

DAY 1: 5G 네트워크 기술
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2929

Source: https://cloud.google.com/blog/products/networking/announcing-private-network-solutions-on-google-distributed-cloud-edge

DAY 1: 5G 네트워크 기술

JS Lab

DAY 1: 5G 네트워크 기술

Source: https://devopedia.org/5g-service-based-architecture#further-reading
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 RAN 구조의 변화 (New C-RAN/Fronthaul)

 gNB (the NR logical node) 

 Central Unit (CU)

 Distributed Unit (DU)

3131DAY 1: 5G 네트워크 기술

JS Lab

32

Source: https://www.5gworldpro.com/blog/2021/02/28/o-ran-introduced-a-specific-category-of-split-7-called-split-7-2x/
Source: https://www.tainet.net/5g-new-business-opportunities/

DAY 1: 5G 네트워크 기술
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33

DU

DU

DU

DU

CU

CP

UP

CU

CP

UP

5G Core

5G Edge Core

UP

Control Plane
(CP)

User Plane (UP)

Fronthaul Midhaul Backhaul 

NSSF
(Network Slice 

Selection Function)

PCF
(Policy Control 

Function)

UDM
(Unified Data 
Management)

NEF
(Network Exposure 

Function)

NRF
(NF Repository 

Function)

UDR
(Unified Data 
Repository)

SMF
(Session 

Management 
Function)

AF
(Application 
Function)

AUSF
(Authentication 

Server Function)

AMF
(Access and 

Mobility 
Management 

Function)

CHF
(Charging 
Function)

RAN (Radio Access Network)

RIC (Radio Intelligent Controller) O-RAN

DAY 1: 5G 네트워크 기술
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DAY 1: 5G 네트워크 기술 34

NAS

RRC

SDAP

PDCP

RLC

MAC

PHY

RRC

SDAP

PDCP

RLC

MAC

PHY

User Plane

RF

Control Plane

RRU

RF

CU/DU

RU

Non-Access Stratum (NAS)

Radio Resource Control (RRC) 

Service Data Adaptation Protocol (SDAP)

Packet Data Convergence Protocol (PDCP)

Radio Link Control (RLC)

Medium Access Control (MAC)

Physical (PHY)
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www.netmanias.com KT가 5G 네트워크 ‘5G MUX’와 25G 광모듈 도입 구축/시험

Source: 테크데일리(TechDaily)(http://www.techdaily.co.kr) 

DAY 1: 5G 네트워크 기술

JS Lab

Source: 5GPPP Architecture Working Group, 5G Architecture White Paper

3636DAY 1: 5G 네트워크 기술
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 MIMO (Multiple Input Multiple Output) 스마트 안테나를 사용하여 빔포밍(Beamforming)을 구현

Source: https://radio-waves.orange.com/en/radio-networks-and-antennas/5g/

3737DAY 1: 5G 네트워크 기술

JS Lab

무선 스펙트럼:

무선 토폴로지와
셀사이트 관리의 효과와
효율을 위한 투자

무선 스펙트럼:

무선 토폴로지와
셀사이트 관리의 효과와
효율을 위한 투자

클라우드 인프라:

모듈화와 가상 네트워크
기능 지원

클라우드 인프라:

모듈화와 가상 네트워크
기능 지원

AI/ML:

네트워크 복잡성을
관리하고, 필요시 행동을
취함

AI/ML:

네트워크 복잡성을
관리하고, 필요시 행동을
취함

DAY 1: 5G 네트워크 기술 38
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Source: https://plugfestvirtualshowcase.o-ran.org/

DAY 1: 5G 네트워크 기술 39

JS Lab

Source: https://stage-o-ran-v2.azurewebsites.net/classic/generation/2021/category/intelligent-ran-control-demonstrations/sub/intelligent-control/110

DAY 1: 5G 네트워크 기술 40
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YANG models that help manage the radio units feature more than 6,000 parameters, with 
less than 3% of them mandatory, and network vendors also implement custom protocols.

DAY 1: 5G 네트워크 기술 41
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 Load data into a warehouse:

• 생성 데이터를 빠르게 분석과
선택하게 준비하는 것을 자동화
(pre-built schemas offer ready 
to use analytics and adapt fast 
to data source changes)

Source: https://www.biztory.com/fivetran

42DAY 1: 5G 네트워크 기술
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43

Source: https://aws.amazon.com/blogs/apn/scalable-mobile-private-4g-and-5g-network-services-on-aws-from-deloitte/

AWS

VPN

VPN

온프레미스

DAY 1: 5G 네트워크 기술
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서버 (2RU) 5G 코어5G RAN5G 스몰셀

SIM 카드

RAN 전송 클라우드

DAY 1: 5G 네트워크 기술

Source: https://aws.amazon.com/blogs/industries/implementing-5g-network-slicing-with-cloudify-on-aws/
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Azure 마켓플레이스에서 5G 코어 다운로드 적용

DAY 1: 5G 네트워크 기술

Source: https://azuremarketplace.microsoft.com/ko-kr/marketplace/apps/metaswitch.fusioncore_0-1-0?tab=Overview

1. 주문

2. 코어 구성

3. 기기 구성

4. 5G 에지

45

JS Lab

 Microsoft claims it’s making progress assembling a more expansive telco cloud stack 
for operators six months after it inhaled AT&T’s Network Cloud technology via 
acquisition.

• Azure for Operators, now combined with the crown jewels of AT&T’s seven-year effort in SDN 
and network virtualization, includes more than 60 cloud-native network functions (CNF) and 
virtual network functions (VNF) from 15 vendors, Microsoft’s VP of 5G strategy Shawn Hakl
explained in a blog post. 

• AT&T in selling its technology to Microsoft also announced plans to move its 5G network 
core, workloads, and services to Microsoft’s Azure for Operators platform. 

Matt Kapko | Senior Editor, January 7, 2022 8:00 PM

DAY 1: 5G 네트워크 기술

Source: https://www.sdxcentral.com/articles/news/microsoft-teases-5g-cloud-core-progress-post-att-deal/2022/01/

통신사(AT&T)에서 클라우드 서비스 마켓 상의 VNF/CNF 판매
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4747DAY 1: 5G 네트워크 기술

JS Lab

DAY 1: 5G 네트워크 기술

Source: https://docs.microsoft.com/ko-kr/azure/azure-percept/connect-over-cellular-usb-quectel

클라우드 서비스사의 개발 키트 연결 5G 모뎀

48
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49

Source: http://terms.tta.or.kr/dictionary/dictionaryView.do?word_seq=167786-3

DAY 1: 5G 네트워크 기술

시스템 3G LTE, 4G 5G

전체 이동 통신 시스템 UMTS EPS 5GS

무선 접속 기술 UTRA E-UTRA NR 또는 E-UTRA

무선 접속망 UTRAN E-UTRAN NG-RAN

기지국 Node B eNodeB gNodeB

JS Lab

Source: Software Networks (Virtualization, SDN, 5G and Security), by ISTE Press Ltd and John Wiley & Sons, Inc. 2020 

가상화와 이더넷 기술기반 유선망 확대

50DAY 1: 5G 네트워크 기술
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4G

DAY 1: 5G 네트워크 기술

LTE 무선접속망 LTE 코어망

51

사용자 트래픽

JS Lab

52

Policy and Charging Rule Function (PCRF) PCF (Policy Control Function)

SMF (Session Management Function)Packet Data Network Gateway (PGW)

Home Subscriber Server (HSS) UDM (Unified Data Management)

NSA(Non-standalone) 5G
4G 코어 5G 코어

DAY 1: 5G 네트워크 기술
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Source: Mastering Service Mesh, Anjali Khatri, Vikram Khatri, 2020 Packt Publishing

53DAY 1: 5G 네트워크 기술

JS Lab

54

UPF(User Plane Function) 기지국/DN간 사용자 패킷 라우팅 및 단말 연결성 제공 솔루션

AMF(Access and Mobility Management Function) 네트워크 접속 및 이동성 관리 솔루션

SMF(Session Management Function) 단말/네트워크간 세션 관리 솔루션

PCF(Policy Control Function) 데이터 패킷 플로우 정책 제어 솔루션

UDM(Unified Data Management) 사용자 정보 및 정책 관리 솔루션

UDR(Unified Data Repository) 사용자 정보 및 정책 통합 저장 솔루션

AUSF(Authentication Server Function) 네트워크/사용자 상호 인증정보 관리 솔루션

CBCF(Cell Broadcast Centre Function) 재난문자 전송 솔루션

CHF(Charging Function) 온라인/오프라인 통합 실시간 과금 솔루션

NEF(Network Exposure Function) 네트워크 기능 개방 솔루션

NRF(NF Repository Function) 5G 망 내 NF 연동 제어 솔루션

NSSF(Network Slice Selection Function) 네트워크 슬라이싱 제어 솔루션

SEPP(Security Edge Protection Proxy) 망 간 로밍 게이트웨이

SMSF(SMS Function) 메시지(SMS) 서비스 인증 및 중계 솔루션
Source: http://www.uangel.com/kr/index.php/products/5g/5g-core/

DAY 1: 5G 네트워크 기술
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55

Source: http://terms.tta.or.kr/dictionary/dictionaryView.do?word_seq=170480-7

DAY 1: 5G 네트워크 기술

네트워크 접속 및
이동성 관리 기능

단말/네트워크간
세션 관리 기능

기지국/DN간 사용자 패킷 라우팅
및 단말 연결성 제공 기능

JS Lab

56

Source: https://www.tta.or.kr/data/androReport/ttaJnal/175-2-3-4.pdf

• UDM (Unified Data Management): 통합 데이터 관리
• PCF(Policy Control Function): 정책 제어 기능
• NEF (Network Exposure function): 네트워크 노출 기능
• UDSF (Unstructured Data Storage Function): 제조사

및 사업자가 정의한 비표준 데이터 저장소

DAY 1: 5G 네트워크 기술
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DAY 1: 5G 네트워크 기술

• 비지상네트워크 지원

• 무인 항공 시스템

• RAN 슬라이싱

• 에지 컴퓨팅

Source: Software Networks (Virtualization, SDN, 5G and Security), by ISTE Press Ltd and John Wiley & Sons, Inc. 2020 

57

JS Lab

58

Source: https://www.ednasia.com/what-are-the-standards-for-5g-private-networks/
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59

Source: Tantra Analyst

DSS (Dynamic Spectrum Sharing) 
동적 스펙트럼 공유MRDC(Multi-RAT Dual Connectivity)

DAY 1: 5G 네트워크 기술

5G NR 기술 기반

JS Lab

60

Source: Tantra Analyst
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Use case / 산업 확대
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61

Source: Tantra Analyst

DAY 1: 5G 네트워크 기술

지속적 확대 / 개선

JS Lab

62

Source: Tantra Analyst
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지속적 확대 / 개선
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63DAY 1: 5G 네트워크 기술

비지상
AI/ML
사이드링크
Etc.

JS Lab
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NAS

RRC

SDAP

PDCP

RLC

MAC

PHY

RRC

SDAP

PDCP

RLC

MAC

PHY

NAS

User
Plane

UE RAN
(RU/DU/CU)

CN

Non-Access Stratum (NAS)

Radio Resource Control (RRC) 

Service Data Adaptation Protocol (SDAP)

Packet Data Convergence Protocol (PDCP)

Radio Link Control (RLC)

Medium Access Control (MAC)

Physical (PHY)
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GMLC
(Gateway 

Mobile 
Location 
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NSSF
(Network 

Slice 
Selection 
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PCF
(Policy 
Control 

Function)

UDM
(Unified Data 
Management)

NEF
(Network 
Exposure 
Function)

NRF
(NF 

Repository 
Function)

LMF
(Location 

Management 
Function)

UDR
(Unified Data 
Repository)

SMF
(Session 

Management 
Function)

AF
(Application 

Function)

AUSF
(Authenticati

on Server 
Function)

AMF
(Access and 

Mobility 
Management 

Function)

CHF
(Charging 
Function)

HPLMN (Home Public Land Mobile Network)

SEPP
(Security 

Edge 
Protection 

Proxy)

NRF
(NF 

Repository 
Function)

VPLMN (Visited Public Land Mobile Network)

SEPP
(Security 

Edge 
Protection 

Proxy)

AUSF
(Authenticati

on Server 
Function)

UDM
(Unified Data 
Management)

5G Core NF (Network Function)

CBCF (Cell Broadcast Centre Function) 재난문자 전송 솔루션

CHF (Charging Function) 온라인/오프라인 통합 실시간 과금 솔루션

NEF (Network Exposure Function) 네트워크 기능 개방 솔루션

NRF (NF Repository Function) 5G 망 내 NF 연동 제어 솔루션

NSSF (Network Slice Selection Function) 네트워크 슬라이싱 제어 솔루션

SEPP (Security Edge Protection Proxy) 망 간 로밍 게이트웨이

SMSF (SMS Function) 메시지(SMS) 서비스 인증 및 중계 솔루션

UPFUPFCUDU

JS Lab

DAY 1: 5G 네트워크 기술

5G Core CP 
(Control Plane)

UPF UPFgNBUE DN

Cloud IMS OTT

서비스 서버
비디오 스트리밍 서버
카카오 서버, 웹서버

5G Core UP 5G Core UP

Local DN / MEC AF

MEC
Server

5G RAN

Contents
(컨텐츠)

5G Radio (NR) 5G Core Infra

4G Core Infra

NSA(Non-Standalone)

SA(Standalone)
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DAY 1: 5G 네트워크 기술

Source: https://go.qct.io/telco/

67
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DAY 1: 5G 네트워크 기술

Source: https://www.cisco.com/c/dam/en/us/products/collateral/cloud-systems-management/elastic-services-controller-esc/reimagining-mobile-network-white-paper.pdf
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GMLC
(Gateway 

Mobile 
Location 
Center)

NSSF
(Network 

Slice 
Selection 
Function)

PCF
(Policy 
Control 

Function)

UDM
(Unified Data 
Management)

NEF
(Network 
Exposure 
Function)

NRF
(NF 

Repository 
Function)

LMF
(Location 

Management 
Function)

UDR
(Unified Data 
Repository)

SMF
(Session 

Management 
Function)

AF
(Application 

Function)

AUSF
(Authenticati

on Server 
Function)

AMF
(Access and 

Mobility 
Management 

Function)

CHF
(Charging 
Function)

HPLMN (Home Public Land Mobile Network)

SEPP
(Security 

Edge 
Protection 

Proxy)

NRF
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(Security 
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Proxy)
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(Session 

Management 
Function)

5G 코어 전진 배치

JS Lab

root@5g:~# helm repo list
NAME            URL
towards5gs      https://raw.githubusercontent.com/Orange-OpenSource/towards5gs-helm/main/repo/

root@5g:~# helm search repo
NAME                            CHART VERSION   APP VERSION     DESCRIPTION
towards5gs/free5gc              1.1.2           v3.1.1          A Helm chart to deploy Free5gc
towards5gs/free5gc-amf          0.2.2           v3.1.1          A Helm chart to deploy the Free5GC AMF
towards5gs/free5gc-ausf         0.2.2           v3.1.1          A Helm chart to deploy the Free5GC AUSF
towards5gs/free5gc-n3iwf        0.2.1           v3.1.1          A Helm chart to deploy the Free5GC N3IWF
towards5gs/free5gc-nrf          0.2.2           v3.1.1          A Helm chart to deploy the Free5GC NRF
towards5gs/free5gc-nssf         0.2.2           v3.1.1          A Helm chart to deploy the Free5GC NSSF
towards5gs/free5gc-pcf          0.2.2           v3.1.1          A Helm chart to deploy the Free5GC PCF
towards5gs/free5gc-smf          0.2.2           v3.1.1          A Helm chart to deploy the Free5GC SMF
towards5gs/free5gc-udm          0.2.2           v3.1.1          A Helm chart to deploy the Free5GC UDM
towards5gs/free5gc-udr          0.2.2           v3.1.1          A Helm chart to deploy the Free5GC UDR
towards5gs/free5gc-upf          0.2.1           v3.1.1          A Helm chart to deploy the Free5GC User Plane
towards5gs/free5gc-webui        0.1.2           v3.1.1          A Helm chart to deploy the Free5GC WEBUI
towards5gs/free5gcControlPlane  0.1.2           v3.0.5          DEPRECATED - A Helm chart to deploy the control...
towards5gs/free5gcN3iwf         0.1.2           v3.0.5          DEPRECATED - A Helm chart to deploy the n3iwf f...
towards5gs/free5gcUserPlane     0.1.2           v3.0.5          DEPRECATED - Helm chart to deploy the user plan...
towards5gs/networks5g           0.1.2           0.1.2           DEPRECATED - A Helm chart to deploy the user pl...
towards5gs/ueransim 2.0.14          v3.2.6          A Helm chart to deploy UERANSIM

7070II. 5G EN-DC ARCHITECTURE
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SMF
(Session 

Management 
Function)

AMF
(Access and 

Mobility 
Management 

Function)

N3IWF UPF

N11

N4N2

N3 N6

Y2Y1 Wi-Fi AP
(무선랜)

GTP-U 터널

CP용 IPSec 터널

UP용 IPSec 터널

N2

N1

N3

N1

DN

Access 
NW

Non-3GPP 
Access

Trusted Untrusted

3GPP 
Access

Wi-Fi AP의 IPSec 지원

71

JS Lab

Source: A Survey on Machine Learning-base Misbehavior Detection Systems for 5G and Beyond Vehicular Network,  Abdelwahab Boualouache, Member, IEEE and Thomas Engel, Member, IEEE
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5G 코어

DAY 1: 5G 네트워크 기술
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Facility
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MAC

PHY
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Layer
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Transport

Geonetworking

Security

Service
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Transport
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Security

Service
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DAY 1: 5G 네트워크 기술

Source: A Tutorial on Trusted and Untrusted non-3GPP Accesses in 5G Systems, Mario T. Lemes ID , Cristiano B. Both ID , Antonio Oliveira Jr. ID , and Kleber V. Cardoso ID
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서비스 계층

플랫폼 계층

인프라 계층

5G Core

엔터프라이즈 서비스

관리 모니터링 슬라이싱

라우팅

SDN

Source: 5GPPP Architecture Working Group, 5G Architecture White Paper
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Restful API 통신 / NBI 프레임워크

가상화 인프라

Source: 5GPPP Architecture Working Group, 5G Architecture White Paper

API / NBI
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인프라 제어기

오케스트레이터

코어 / 보조기능

Source: 5GPPP Architecture Working Group, 5G Architecture White Paper

79

JS Lab

Note: https://helm.sh/docs/intro/using_helm/

80

root@5g:~# helm show values towards5gs/free5gc
#
# Software Name : towards5gs-helm
# SPDX-FileCopyrightText: Copyright (c) 2021 Orange
# SPDX-License-Identifier: Apache-2.0
#
# This software is distributed under the Apache License 2.0,
# the text of which is available at todo
# or see the "LICENSE" file for more details.
#
# Author: Abderaouf KHICHANE, Ilhem FAJJARI, Ayoub BOUSSELMI
# Software description: An open-source project providing Helm charts to deploy 5G components 
#(Core + RAN) on top of Kubernetes
#
# Default values for free5gc-chart.
# This is a YAML-formatted file.
# Declare variables to be passed into your templates.

global:
name: free5gc
userPlaneArchitecture: single  # possible values are "single" and "ulcl"
nrf:

service:
name: nrf-nnrf
type: ClusterIP
port: "8000"
nodePort: "30800"

sbi:
scheme: http

amf:
n2if:  # NGAP
ipAddress: 10.100.50.249

service:
ngap:
enabled: false
name: amf-n2
port: 38412
nodeport: 31412
protocol: SCTP
type: NodePort

smf:
n4if:
ipAddress: 10.100.50.244

#Global network parametes
n2network:

name: n2network
masterIf: eth0
subnetIP: 10.100.50.248
cidr: 29
gatewayIP: 10.100.50.254
excludeIP: 10.100.50.254

n3network:
name: n3network
masterIf: eth0
subnetIP: 10.100.50.232
cidr: 29
gatewayIP: 10.100.50.238
excludeIP: 10.100.50.238

n4network:
name: n4network
masterIf: eth0
subnetIP: 10.100.50.240
cidr: 29
gatewayIP: 10.100.50.246
excludeIP: 10.100.50.246

n6network:
name: n6network
masterIf: eth1
subnetIP: 10.100.100.0
cidr: 24
gatewayIP: 10.100.100.1
excludeIP: 10.100.100.254

n9network:
name: n9network
masterIf: eth0
subnetIP: 10.100.50.224
cidr: 29
gatewayIP: 10.100.50.230
excludeIP: 10.100.50.230

# These parameters can be used to 
enable/disable deployment of subcharts
deployMongoDB: true
deployAMF: true
deployAUSF: true
deployN3IWF: false
deployNRF: true
deployNSSF: true
deployPCF: true
deploySMF: true
deployUDM: true
deployUDR: true
deployUPF: true
deployWEBUI: true

# Disable the deployment of mongodb as an NRF 
subchart
free5gc-nrf:

db:
enabled: false

# This section can be used to override the 
default values in the MongoDB chart (remember 
MongoDB is a subchart of the 
free5gcControlplane chart since control plane 
NFs rely on it.
mongodb:

fullnameOverride: "mongodb"
useStatefulSet: true
auth:
enabled: false

persistence:
size: 6Gi
mountPath: /bitnami/mongodb/data/db/

service:
name: mongodb
type: ClusterIP
port: 27017
nodePort: "30017"

DAY 1: 5G 네트워크 기술
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Source: http://kth.diva-portal.org/smash/get/diva2:1626735/FULLTEXT01.pdf?fbclid=IwAR1F1GlV3bU_YONZzxElLtb4kp_Y7t70VczSb_0abIVqJZxt2ErbJ60UuAg

81
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 ML-based solution for 5G network.

Source: https://www.mdpi.com/1424-8220/22/1/26/htm

82

적용 분야 적용 방법
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 Stream Processing (예: Confluent Platform)

Source: https://docs.confluent.io/2.0.0/platform.html

83

JS Lab
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8585DAY 1: 5G 네트워크 기술

JS Lab

5G CoreUE
(User Equipment)

gNB
(gNodeB)

소프트웨어
(시뮬레이터)

소프트웨어
(시뮬레이터)

소프트웨어
(시뮬레이터)

화이트박스 Open SDR Public Cloud

상용 단말기 상용 gNB 상용 5G Core

물리 확장
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Namespace

노출 Port

노출 Port 지정

JS Lab

DAY 1: 5G 네트워크 기술

Source: Tutorial on communication between access networks and the 5G core, IDLab—Department of Applied Engineering, University of Antwerp—IMEC, Antwerp, Belgium

free5GC Open5GS OAI
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DAY 1: 5G 네트워크 기술

Source: Tutorial on communication between access networks and the 5G core, IDLab—Department of Applied Engineering, University of Antwerp—IMEC, Antwerp, Belgium

free5GC Open5GS OAI

89
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90

Source: 2021 International Conference on Information Science and Communications Technologies (ICISCT) | 978-1-6654-3258-0/21/$31.00 ©2021 IEEE | DOI: 10.1109/ICISCT52966.2021.9670414

Major supporters of Core 5G development.

K8s 시연 구성
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항목 free5GC Open5GS magma

UE 등록, 인증, 세션확립 및 패킷
전송 3GPP Release15.3 3GPP Release16 3GPP Release15

슬라이스 식별자 단위 라우팅 및
품질 제어

슬라이스 식별자로 UPF 분배 가능, 품질
제어(QoS)는 구현되지 않음

슬라이스 식별자로 UPF 배분 가능 품질 제어(QoS)는
구현되지 않음

슬라이스 분배 미실장 DNN*1 단위로 우선 제어는
가능

CU 분리 5G 코어 네트워크에서 UPF를 분리 구축 가능 5G 코어 네트워크에서 UPF를 분리 구축 가능 C / U를 분리하지 않고 소형 일체형 텐테나화하여
배치

MEC 분배(ULCL) 각 IMSI에 대해 대상 IP 주소로 배분 가능 미실행 MSI마다 5tuple로 배분 가능

전송 성능 (1G 인터페이스)
※RAN/UE 및 트래픽 부하는

계측기를 사용

DL:916Mbps, UL:932Mbps (롱 패킷: 1400byte UDP)
DL:36Mbps, UL:116Mbps (짧은 패킷: 66byte UDP) 미시험 미시험

동시 접속 UE 수 11UE까지

UE（SIM） GUI에서 UE 등록, 업데이트, 삭제 GUI에서 UE 등록, 업데이트, 삭제 GUI에서 UE 등록, 업데이트, 삭제

구성 설정, 모니터링, 운영
• 구성 설정은 Yaml 파일을 직접 편집합니다.
필요, 편집 부분을 많이 이해하기 어렵다.
• 알람은 시스템 로그 파일에서 확인

• 구성 설정은 Yaml 파일을 편집해야합니다.
요 편집 부분을 많이 이해하기 어렵다.
• 알람은 시스템 로그 파일보다 확실합니다.
인정

오케스트레이터로 관리 제어, GUI에
구성 설정 및 상태 모니터링 가능

도입 용이성 요구 하드웨어 사양 낮음,
매뉴얼대로 도입 간단

요구 하드웨어 사양 낮음,
매뉴얼대로 도입 간단

요구 하드웨어 사양 낮음,
매뉴얼대로 도입 간단

4G RAN과 5G RAN을 동시 수용 5G 코어만 구현하므로 4G RAN 수용 불가 4G 코어와 5G 코어 모두 구현 4G, 5G, Wi-Fi 모두 수용
Converged Core 개발 검토 중

DAY 1: 5G 네트워크 기술 91
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92

Machine learning-based zero-touch network and service management, Jorge Gallego-Madrid,, Ramon Sanchez-Iborra, Pedro M. Ruiz, Antonio F. Skarmeta

DAY 1: 5G 네트워크 기술
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93

Source: https://www.sdxcentral.com/articles/news/google-linux-foundation-launch-nephio-to-automate-5g/2022/04/

Dan Meyer | Executive EditorApril 13, 2022 4:00 AM
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THANK 
YOU
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Access 
NW
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Source: A Tutorial on Trusted and Untrusted non-3GPP Accesses in 5G Systems, Mario T. Lemes ID , Cristiano B. Both ID , Antonio Oliveira Jr. ID , and Kleber V. Cardoso ID
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Source: A Tutorial on Trusted and Untrusted non-3GPP Accesses in 5G Systems, Mario T. Lemes ID , Cristiano B. Both ID , Antonio Oliveira Jr. ID , and Kleber V. Cardoso ID
Source: https://www.open5gcore.org/578eda8af4602d2c

Untrusted Wi-Fi AP

97DAY 1: BACKUP

97


