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 Day 1: 5G 네트워크 개요

 Day 2: Enhanced Mobile Broadband

 Day 3: Private 5G와 테스트베드

 Day 4: 5G 네트워크 인프라 가상화 기술

 Day 5: Cloud Native 5G 인프라

 (별도) Day 4~5 실습교재
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 Review Day 1 
 NR 과 Access Network
 5G Access Network 구조
 5G Spectrum 기술
 5G Network Slicing
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 Day 2: Enhanced Mobile Broadband
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Source: 퀄컴

Rel 15. 기반 기술

Rel. 16 시장 확대

Rel. 17 기술/시장 확대 강화
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 5G Enabling Technologies: 
• CUPS (제어/사용자 플레인 분리)  
• Cloud Scale (클라우드 스케일) 
• MEC (모바일 에지 컴퓨팅) 
• Network Slicing

DAY 2: ENHANCED MOBILE BROADBAND 5
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Source: Antenna Design for 5G and Beyond, Printed Edition of the Special Issue Published in Sensors, Naser Ojaroudi Parchin ( www.mdpi.com/journal/sensors )

6DAY 2: ENHANCED MOBILE BROADBAND

Mar 22, 2023
지난 8일 스페이스X가 국내에 자회사인 스타링크 코리아를 설립
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Source: http://terms.tta.or.kr/dictionary/dictionaryView.do?word_seq=171377-2

https://jb-story.tistory.com/346
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Source: Dell’Oro Group and 3GPP
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(NWDAF: NetWork Data Analytics Function), 네트워크 데이터 분석 기능
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Source: Dell’Oro Group 
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Carrier Aggregation (CA) 
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Source: Dell’Oro Group 
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Source: Dell’Oro Group, as November 2022
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Source: Ericsson-LG 
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Source: Ericsson-LG 
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Source: Dell'Oro Group 
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Source: https://www.iplook.com/info/deploy-private-5g-network-on-cloud-i00173i1.html

UE

MEC

코어망

IMS

IMS (IP Multimedia Subsystem) 
MCPTT(Mission Critical Push To Talk)

클라우드

DAY 2: ENHANCED MOBILE BROADBAND
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 RAN 구조의 변화 (New C-RAN/Fronthaul)

 gNB (the NR logical node) 

 Central Unit (CU)

 Distributed Unit (DU)

1616DAY 2: ENHANCED MOBILE BROADBAND
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NAS

RRC

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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DAY 1: 5G 네트워크 개요 18

Source: https://syedshan85.medium.com/radio-resource-control-rrc-in-5g-nr-fa0782f83977
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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/
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Source: 5G RF, 2nd Qorvo Special Edition, by David Schnaufer, Tuan Nguyen, Ben Thomas, Alexis Mariani, Paul Cooper, Bror Peterson, Phil Warder
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Source: https://blog.3g4g.co.uk/2022/03/realizing-zero-trust-architecture-for.html
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Source: 5G RF, 2nd Qorvo Special Edition, by David Schnaufer, Tuan Nguyen, Ben Thomas, Alexis Mariani, Paul Cooper, Bror Peterson, Phil Warder
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Source: User Equipment (UE) radio transmission and reception 3GPP TS 38.101-2
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Source: 5G RF, 2nd Qorvo Special Edition, by David Schnaufer, Tuan Nguyen, Ben Thomas, Alexis Mariani, Paul Cooper, Bror Peterson, Phil Warder
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Source: User Equipment (UE) radio transmission and reception 3GPP TS 38.101-2
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Carrier Aggregation (CA) 
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Source: 5G RF, 2nd Qorvo Special Edition, by David Schnaufer, Tuan Nguyen, Ben Thomas, Alexis Mariani, Paul Cooper, Bror Peterson, Phil Warder

26DAY 2: ENHANCED MOBILE BROADBAND



JS Lab

2727

Source: 5G System Design, An End to End Perspective, Wan Lei • Anthony C. K. Soong, Liu Jianghua • Wu Yong • Brian Classon, Weimin Xiao • David Mazzarese, Zhao Yang • Tony Saboorian
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Source: 5G System Design, An End to End Perspective, Wan Lei • Anthony C. K. Soong, Liu Jianghua • Wu Yong • Brian Classon, Weimin Xiao • David Mazzarese, Zhao Yang • Tony Saboorian
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Source: Keysights
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Source: User Equipment (UE) radio transmission and reception 3GPP TS 38.101-2

30DAY 2: ENHANCED MOBILE BROADBAND
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Source: Enterprise Evolution with 5G Adoption, A 5G America White Paper
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DAY 2: ENHANCED MOBILE BROADBAND

Source: https://m.post.naver.com/viewer/postView.nhn?volumeNo=11764280&memberNo=20717909

multi-user MIMO
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Source: Bejarano, Oscar. Wireless: A Total Beginner’s Guide to Modern Wireless Communication Technologies (p. 84). Bitflip Media. Kindle Edition. 
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• Amplitude shift keying (ASK), 
• Frequency shift keying (FSK), 
• Phase shift keying (PSK)

DAY 2: ENHANCED MOBILE BROADBAND
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Source: Bejarano, Oscar. Wireless: A Total Beginner’s Guide to Modern Wireless Communication Technologies (p. 127). Bitflip Media. Kindle Edition. 

34

• BPSK (Binary Phase Shift Keying)
• Quadrature Phase Shift Keying, QPSK)

DAY 2: ENHANCED MOBILE BROADBAND
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Source: Bejarano, Oscar. Wireless: A Total Beginner’s Guide to Modern Wireless Communication Technologies (p. 129). Bitflip Media. Kindle Edition. . 
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16-QAM의 constellation (예) 64-QAM의 constellation (예)

Source: https://namu.wiki/w/%EB%B3%80%EC%A1%B0(%ED%86%B5%EC%8B%A0)
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Source: Bejarano, Oscar. Wireless: A Total Beginner’s Guide to Modern Wireless Communication Technologies (p. 139). Bitflip Media. Kindle Edition. 
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DLUL DLUL DLUL DLUL

DLUL DLUL DLUL DLUL
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DAY 2: ENHANCED MOBILE BROADBAND

Source: https://networkencyclopedia.com/code-division-multiple-access-cdma/
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Source: Bejarano, Oscar. Wireless: A Total Beginner’s Guide to Modern Wireless Communication Technologies (p. 143). Bitflip Media. Kindle Edition. 
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Source: Bejarano, Oscar. Wireless: A Total Beginner’s Guide to Modern Wireless Communication Technologies (p. 145). Bitflip Media. Kindle Edition. 
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 Waveforms and Mixed‐Numerology

 OFDM 신호의 스펙트럼

43DAY 2: ENHANCED MOBILE BROADBAND
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Source: Bejarano, Oscar. Wireless: A Total Beginner’s Guide to Modern Wireless Communication Technologies (p. 170). Bitflip Media. Kindle Edition. 
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Massive MIMO has traditionally been used in TDD 
bands. (Bevin Fletcher/FierceWireless)

Aurora CMM.100.A 5-6GHz C-Band Massive 
MIMO Phased Array

64 TX + 64 RX 5G MU-MIMO antenna suitable for Massive MIMO, (Credit: Ericsson)

Source: https://www.fiercewireless.com/tech/t-mobile-exec-says-massive-mimo-can-be-used-tdd-and-fdd-bands
Source: https://medium.com/5g-nr/massive-mimo-75f775ead2e9
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Reconfigurable Intelligent Surface (RIS)
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Source: https://www.dolcera.com/web/blog/massive-mimo-a-boost-for-next-gen-5g-wireless-communication/
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Source: Bejarano, Oscar. Wireless: A Total Beginner’s Guide to Modern Wireless Communication Technologies (p. 194). Bitflip Media. Kindle Edition. 
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(출처: Case study: Orange Romania, Samsung)

빔포밍(Beamforming): 빔 스티어링은 모든 방사 요소에서 입력 신호의 위상을 변경함으로써 달성하며, 위상변조를 통해
신호가 특정 수신기를 대상으로 할 수 있음
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Source: Bejarano, Oscar. Wireless: A Total Beginner’s Guide to Modern Wireless Communication Technologies (p. 206). Bitflip Media. Kindle Edition. 
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Source: https://www.metaswitch.com/knowledge-center/reference/what-is-beamforming-beam-steering-and-beam-switching-with-massive-mimo
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Source: Case study: Orange Romania, Samsung
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Source: Bejarano, Oscar. Wireless: A Total Beginner’s Guide to Modern Wireless Communication Technologies (p. 44). Bitflip Media. Kindle Edition.  
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Source: Bejarano, Oscar. Wireless: A Total Beginner’s Guide to Modern Wireless Communication Technologies (p. 183). Bitflip Media. Kindle Edition. 
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Source: Bejarano, Oscar. Wireless: A Total Beginner’s Guide to Modern Wireless Communication Technologies (pp. 49-50). Bitflip Media. Kindle Edition. 
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Source: https://www.tomshardware.com/news/wi-fi-routers-used-to-detect-human-locations-poses-within-a-room
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Source: https://www.hindawi.com/journals/ahep/2017/6432354/
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Source: https://ui.adsabs.harvard.edu/abs/2014arXiv1403.6720R/abstract
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DAY 2: ENHANCED MOBILE BROADBAND

• 중계기 기업 (기타)
o 에프알텍
o CS
o 기산텔레콤 등

Kim Young-ki, head of Samsung Electronics' network business 
division, shows the firm's 5G network gear in a press conference at 
the tech firm's headquarters in Suwon, Gyeonggi Province, July 13. 
/ Courtesy of Samsung Electronics

Source: https://m.blog.naver.com/PostView.naver?isHttpsRedirect=true&blogId=atlasstock&logNo=221559939410
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 현재 통신사업자의 망 구성 (KT) – by Netmanias

Source: https://www.netmanias.com/ko/?m=view&id=oneshot&no=14450

5959

스타구조

DAY 2: ENHANCED MOBILE BROADBAND
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 현재 통신사업자의 망 구성 (SKT) – by Netmanias

Source: https://www.netmanias.com/ko/?m=view&id=oneshot&no=14450

6060

링구조
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분할(Split)

중앙집중(Centralized)

통합(Integrated)

5G 기업
데이터
보관

5G 기업
데이터
보관

5G 기업
데이터
보관
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Source: Airspan. Flexible Cloud Architecture with Powerful Openrange Software. Dynamic Fronthaul. pp. 1–39. Available online:https://www.airspan.com/openrange-software/ (accessed on 3 January 2023)
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Source: 넷매니아즈
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DAY 2: ENHANCED MOBILE BROADBAND

Source: 5G+ 스펙트럼 플랜, 과학기술정보통신부
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L1

L2

L3

L4

제어 플레인 유저 플레인

65DAY 2: ENHANCED MOBILE BROADBAND

UE  gNB  UPF  DN

Stream Control Transmission Protocol 

https://github.com/loxilb-
io/loxilbdocs/blob/main/docs/loxilbebpf.md?fbclid=IwAR33juTZ3uMxkerj5Gcphx
c8tJjUQBEXMJkWGk_z20M898gmgw6OisxnVAA

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

https://github.com/loxilb-io/loxilbdocs
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Source: Technological Trends in Open 5G Fronthaul, 이재승, 박재우, 이문식, 무선분산통신연구실, ETRI
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DAY 2: ENHANCED MOBILE BROADBAND

DU

DU

DU

DU

CU / BBU

CP

UP

CU / BBU

CP

UP

5G Core

5G Edge Core

UP

Control 
Plane

User
Plane

Fronthaul Midhaul Backhaul 

Access Network

RIC (Radio Intelligent Controller) O-RAN

• CU (Centralized Unit)
• DU (Distributed Unit)

NG-SDN Architecture
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Source: https://arxiv.org/pdf/2203.02370v1.pdf, dApps: Distributed Applications for Real-time Inference and Control in O-RAN, Salvatore D’Oro, Michele Polese, Leonardo Bonati,
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Source: OpenCare5G: O-RAN in Private Network for Digital Health Applications, Dr. Giuseppe Caso, Prof. Dr. Özgü Alay, Prof. Dr. Anna Brunstrom, Dr. Harilaos Koumaras, Dr. Almudena Díaz Zayas
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Source: Bhat, R.R. Addressing Security for 5G Cloud Radio Access Networks. 2019. Available online: https://www.a10networks.com/blog/addressing-security-for-5g-cloud-radio-access-networks/
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Source: Technological Trends in Open 5G Fronthaul, 이재승, 박재우, 이문식, 무선분산통신연구실, ETRI
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Source: 5GPPP Architecture Working Group, 5G Architecture White Paper

IAB

UE

실내

정류소

드론

FWA

V2X
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Source: https://www.sciencedirect.com/science/article/pii/S1874490722000155?fbclid=IwAR3pITAJqU92g4ByHS7FsCond6Xih9DdKIbmqXjuubDRtXb2tko8kPSX-4E
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Source: https://arxiv.org/pdf/2201.11368.pdf?fbclid=IwAR2Ac8ltnbsCloAZkAXCLAXxFQdVGiX7xTlPlvj217yM7k8cUuhUz8GV0Cg
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Source: https://arxiv.org/pdf/2201.11368.pdf?fbclid=IwAR2Ac8ltnbsCloAZkAXCLAXxFQdVGiX7xTlPlvj217yM7k8cUuhUz8GV0Cg
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DAY 2: ENHANCED MOBILE BROADBAND

Source: US FCC Nov. 2019. US FCC FNPRM Oct. 28 2020 will be explained later session
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V2X용으로 할당되었던 5.9GHz 대역 7개 채널 중 하위 4개 채널을 WiFi에 할당하고 상위 3개 채널을 C-V2X에 할당

DAY 2: ENHANCED MOBILE BROADBAND

DSRC (Dedicated Short Range Communication).
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Source: Autonomous Vehicles in 5G and Beyond: A Survey, Saqib Hakak, Thippa Reddy Gadekallu, Swarna Priya Ramu, Parimala M, Praveen Kumar Reddy Maddikunta, (arXiv:2207.10510v1)
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Source: Autonomous Vehicles in 5G and Beyond: A Survey, Saqib Hakak, Thippa Reddy Gadekallu, Swarna Priya Ramu, Parimala M, Praveen Kumar Reddy Maddikunta, (arXiv:2207.10510v1)
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Source: Autonomous Vehicles in 5G and Beyond: A Survey, Saqib Hakak, Thippa Reddy Gadekallu, Swarna Priya Ramu, Parimala M, Praveen Kumar Reddy Maddikunta, (arXiv:2207.10510v1)
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Source: Autonomous Vehicles in 5G and Beyond: A Survey, Saqib Hakak, Thippa Reddy Gadekallu, Swarna Priya Ramu, Parimala M, Praveen Kumar Reddy Maddikunta, (arXiv:2207.10510v1)

81DAY 2: ENHANCED MOBILE BROADBAND



JS Lab

Source: Autonomous Vehicles in 5G and Beyond: A Survey, Saqib Hakak, Thippa Reddy Gadekallu, Swarna Priya Ramu, Parimala M, Praveen Kumar Reddy Maddikunta, (arXiv:2207.10510v1)
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ACV (Autonomous and Connected Vehicles)
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Source: Autonomous Vehicles in 5G and Beyond: A Survey, Saqib Hakak, Thippa Reddy Gadekallu, Swarna Priya Ramu, Parimala M, Praveen Kumar Reddy Maddikunta, (arXiv:2207.10510v1)
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Source: Autonomous Vehicles in 5G and Beyond: A Survey, Saqib Hakak, Thippa Reddy Gadekallu, Swarna Priya Ramu, Parimala M, Praveen Kumar Reddy Maddikunta, (arXiv:2207.10510v1)
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Source: Autonomous Vehicles in 5G and Beyond: A Survey, Saqib Hakak, Thippa Reddy Gadekallu, Swarna Priya Ramu, Parimala M, Praveen Kumar Reddy Maddikunta, (arXiv:2207.10510v1)
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Source: 과기부
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Source: Software Networks (Virtualization, SDN, 5G and Security), by ISTE Press Ltd and John Wiley & Sons, Inc. 2020  
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DAY 2: ENHANCED MOBILE BROADBAND

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

88



JS Lab

89

오픈스택 / VMware
상의 VM 적용

쿠버네티스 클러스터 설치 5G 슬라이스/NF 
인스턴스화

5G 슬라이스/NF 컨피그

오케스트레이터 플로우

DAY 2: ENHANCED MOBILE BROADBAND

Source: 5G Mobile Core Network, Rajaneesh Sudhakar Shetty, apress
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CPU Load

Response Time

CPU Load

Response Time

CPU Load

Response Time
Network Slice 1

Network Slice 2

Network Slice 3

NRF 의 부가기능
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서비스 메시
(Service Mesh)

사이드카 사이드카

클라우드 네이티브

L7

서비스 서비스

네트워크 OS
(SDN 제어기)

물리
스위치

물리
스위치

Underlay SDN

L2/L3

제어 플레인

데이터 플레인

네트워크 OS
(SDN 제어기)

가상
스위치

기상
스위치

Overlay SDN

L2/L3

물리 인터페이스 물리 인터페이스

AMF
( Access and Mobility Management Function)

SMF
(Session Management Function)

apiVersion: apps/v1
kind: Deployment
metadata:
name: free5gc-smf-deployment

spec:
selector:
matchLabels:
app: free5gc-smf

replicas: 3
template:
metadata:
labels:
app: free5gc-smf

apiVersion: apps/v1
kind: Deployment
metadata:
name: free5gc-amf-deployment

spec:
selector:
matchLabels:
app: free5gc-amf

replicas: 3
template:
metadata:
labels:
app: free5gc-amf
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Source: 5GPPP Architecture Working Group, 5G Architecture White Paper
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Source: 5GPPP Architecture Working Group, 5G Architecture White Paper

종단간 네트워크 슬라이스
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DAY 2: ENHANCED MOBILE BROADBAND
 Sample Enterprise Network
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Source: Report on infrastructure-level enablers for 5G!Drones, European Union’s Horizon 2020 research and innovation programme under grant agreement No 857031.
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Source: https://www.ednasia.com/designing-and-testing-industrial-devices-for-5g-private-networks/
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Source: https://press.siemens.com/global/en/pressrelease/real-time-communication-5g-profinet
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K8s
Plugin
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Source: https://ebpf.io/projects/
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Source: 5GPPP Architecture Working Group, 5G Architecture White Paper

vCDN의 스케일아웃 확장
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Source: 5GPPP Architecture Working Group, 5G Architecture White Paper

Slice Manager
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Source: Report on infrastructure-level enablers for 5G!Drones, European Union’s Horizon 2020 research and innovation programme under grant agreement No 857031.
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Source: Report on infrastructure-level enablers for 5G!Drones, European Union’s Horizon 2020 research and innovation programme under grant agreement No 857031.
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Source: Report on infrastructure-level enablers for 5G!Drones, European Union’s Horizon 2020 research and innovation programme under grant agreement No 857031.

intent
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Source: Report on infrastructure-level enablers for 5G!Drones, European Union’s Horizon 2020 research and innovation programme under grant agreement No 857031.

Slice Manager
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Source: Report on infrastructure-level enablers for 5G!Drones, European Union’s Horizon 2020 research and innovation programme under grant agreement No 857031.

Slice Creator

오픈소스
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Source: Netmanias
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물리 계층

가상 계층

클라우드 계층• 모든 네트워크 기능을 포함하는
보안 (물리, 가상, 컨테이너)

네트워크
보안

• 5G 네트워크 상에 동작하는
서비스와 애플리케이션의 보안

애플리케이션
보안

• 하드웨어, 셀 사이트, PoP 보안물리적 보안
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Source: ENISA 5G Security Architecture

슬라이스별 5G 보안 아키텍처
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Design criteria for network slicing testbeds.
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Source: Wireless Communications and Mobile Computing, Volume 2021, Article ID 6655216, 26 pages, https://doi.org/10.1155/2021/6655216
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Source: Wireless Communications and Mobile Computing, Volume 2021, Article ID 6655216, 26 pages, https://doi.org/10.1155/2021/6655216
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ONAP

Source: Wireless Communications and Mobile Computing, Volume 2021, Article ID 6655216, 26 pages, https://doi.org/10.1155/2021/6655216
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Source: VIRTUALIZED CELLULAR NETWOKS WITH NATIVE CLOUD FUNCTIONS, Iria Míguez González 

MANO
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TaaS

Management and Orchestration (MANO)
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Source: VIRTUALIZED CELLULAR NETWOKS WITH NATIVE CLOUD FUNCTIONS, Iria Míguez González 
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Source: VIRTUALIZED CELLULAR NETWOKS WITH NATIVE CLOUD FUNCTIONS, Iria Míguez González 
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 Reference architecture of 5G network (AWS)
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Source: 5G Network Evolution with AWS, July 2020 
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MSA

자원/서비스
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아웃포스트

데이터센터에지
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• Maximum Ethernet Frame Size
• Multicast

VXLAN (Virtual Extensible LAN) 사용시 고려

DAY 2: ENHANCED MOBILE BROADBAND
 Packet Transfer Steps in an Overlay Network
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Source: 5G-CLARITY [H2020-871428], Mir Ghoraishi(GIGASYS)

박물관
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Source: 5G-CLARITY [H2020-871428], Mir Ghoraishi(GIGASYS)

데이터레이크
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Source: https://diamanti.com/tutorial-5g-core-on-diamanti/

하드웨어 가속

124



JS Lab

125DAY 2: ENHANCED MOBILE BROADBAND



JS Lab

Wireless Communications and Mobile Computing, Volume 2021, Article ID 6655216, 26 pages, https://doi.org/10.1155/2021/6655216
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Source: 5G-CLARITY [H2020-871428], Mir Ghoraishi(GIGASYS)

AI/ML

127



JS Lab

THANK 
YOU
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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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