
1

JS Labjames@jslab.kr

5G 네트워크
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안종석
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JS Labjames@jslab.kr

 Day 1: 5G 네트워크 기술

 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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3 JS Labjames@jslab.kr

 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

 Review Day 1 / Day 2
 기업을 위한 5G 특화망
 5G 특화망 기술
 제조사 솔루션과 설계 및 구축
 5G 네트워크 테스트베드
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 Day 3: Private 5G와 테스트베드
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Private 5G

• 표준 기술의 변화
• 정부의 규제 허용
• 무선 주파수 라이선스 허용

DAY 3: PRIVATE 5G와 테스트베드

Source: The Next Generation Wireless Access Technology Second, Edition Erik Dahlman Stefan Parkvall Johan Sköld
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Source: https://chicagopopular.com/private-5g-according-to-colt-discovering-the-first-use-cases-of-the-multinational/

DAY 3: PRIVATE 5G와 테스트베드
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DAY 3: PRIVATE 5G와 테스트베드

Source: https://www.researchandmarkets.com/reports/5261951/private-5g-network-market-share-size-trends

77
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DAY 3: PRIVATE 5G와 테스트베드

Potential venues for private 5G

Private LTE/5G deployment

88

스마트팩토리

창고

병원/연구소

Source: 노키아
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제조

통신/IT

아카데미

DAY 3: PRIVATE 5G와 테스트베드

MNO는 Mobile 
Network Operator로
통신망을 통해 독자적인
이동통신서비스를
제공하는 사업자

99

Source: 인텔

JS Lab
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Source: https://www.qualcomm.com/news/onq/2020/10/transforming-enterprise-and-industry-5g-private-networks

통합사설망 독립사설망

DAY 3: PRIVATE 5G와 테스트베드
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Source: https://www.kca.kr/contentsView.do?pageId=www216

DAY 3: PRIVATE 5G와 테스트베드

JS Lab
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Source: https://www.etnews.com/20220310000198

DAY 3: PRIVATE 5G와 테스트베드
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DAY 3: PRIVATE 5G와 테스트베드

Source: https://zdnet.co.kr/view/?no=20211228110405
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DAY 3: PRIVATE 5G와 테스트베드

Source: https://www.inews24.com/view/1456796
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DAY 3: PRIVATE 5G와 테스트베드

Source: https://n.news.naver.com/article/014/0004798468?cds=news_my&fbclid=IwAR1NgYO-AXNBk8yzprzyN3IS8684BzLRaHD12b8c9AhWUIY7c5aczEC5D7I
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DAY 3: PRIVATE 5G와 테스트베드 1616

Source: https://www.korea.kr/news/policyNewsView.do?newsId=148902999
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ABI Research, New York, New York - March 01, 2022
Source: https://www.abiresearch.com/press/vmware-and-red-hat-come-out-on-top-in-abi-researchs-5g-telco-cloud-native-platforms-competitive-ranking/?utm_source=Cision

DAY 3: PRIVATE 5G와 테스트베드
 ABI Research: VMware and Red Hat Come Out on Top in ABI Research’s 5G Telco 

Cloud Native Platforms Competitive Ranking.

• Market Leaders: VMware, Red Hat

• Mainstream: Nokia, ZTE, Canonical, Huawei, Google, Ericsson, Wind River

• Followers: AWS, Microsoft Azure

1717

엔터프라이즈 제조사의 5G를 위한 클라우드 네이티브 플랫폼 제공

JS Lab

18

Source: https://www.etnews.com/20220405000071

DAY 3: PRIVATE 5G와 테스트베드
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19

Source: https://www.etnews.com/20220405000071

DAY 3: PRIVATE 5G와 테스트베드

삼성전자 프라이빗 5G 솔루션

JS Lab

이동 에지 엔터프라이즈 에지 텔코 에지

DAY 3: PRIVATE 5G와 테스트베드 2020

19

20



11

JS Lab

DAY 3: PRIVATE 5G와 테스트베드

Source: https://blogs.vmware.com/telco/private-5g/

가상화

클라우드 네이티브 (K8s)

2121

JS Lab

Source: https://blogs.vmware.com/telco/introducing-telco-cloud-automation/

DAY 3: PRIVATE 5G와 테스트베드

멀티 클라우드

2222
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jslab@5g:~$ sudo kubectl get svc -A
NAMESPACE                      NAME                                      TYPE        CLUSTER-IP      EXTERNAL-IP   PORT(S)      AGE
default                        kubernetes ClusterIP 10.233.0.1      <none>        443/TCP                                          6d9h
free5gc                        amf-namf ClusterIP 10.233.62.110   <none>        80/TCP                                           6d9h
free5gc                        ausf-nausf ClusterIP 10.233.50.56    <none>        80/TCP                                           6d9h
free5gc                        gnb-service                               ClusterIP 10.233.22.24    <none>        4997/UD                  P                       6d9h
free5gc                        mongodb ClusterIP 10.233.27.111   <none>        27017/T                  CP                      6d9h
free5gc                        nrf-nnrf ClusterIP 10.233.48.87    <none>        8000/TC                  P                       6d9h
free5gc                        nssf-nnssf ClusterIP 10.233.34.190   <none>        80/TCP                                           6d9h
free5gc                        pcf-npcf ClusterIP 10.233.61.136   <none>        80/TCP                                           6d9h
free5gc                        smf-nsmf ClusterIP 10.233.49.167   <none>        80/TCP                                           6d9h
free5gc                        udm-nudm ClusterIP 10.233.48.151   <none>        80/TCP                                           6d9h
free5gc                        udr-nudr ClusterIP 10.233.2.107    <none>        80/TCP                                           6d9h
free5gc                        webui-service                             NodePort 10.233.35.142   <none>        5000:30                  500/TCP                 6d9h
kube-system                    coredns ClusterIP 10.233.0.3      <none>        53/UDP,                  53/TCP,9153/TCP         6d9h
kube-system                    kube-controller-manager-svc               ClusterIP None            <none>        10257/T                  CP                      6d9h
kube-system                    kube-scheduler-svc                        ClusterIP None            <none>        10259/T                  CP                      6d9h
kube-system                    kubelet ClusterIP None            <none>        10250/T                  CP,10255/TCP,4194/TCP   6d9h
kubesphere-controls-system     default-http-backend                      ClusterIP 10.233.24.94    <none>        80/TCP                                           6d9h
kubesphere-monitoring-system   alertmanager-main                         ClusterIP 10.233.41.180   <none>        9093/TC                  P,8080/TCP              6d9h
kubesphere-monitoring-system   alertmanager-operated                     ClusterIP None            <none>        9093/TC                  P,9094/TCP,9094/UDP     6d9h
kubesphere-monitoring-system   kube-state-metrics                        ClusterIP None            <none>        8443/TC                  P,9443/TCP              6d9h
kubesphere-monitoring-system   node-exporter                             ClusterIP None            <none>        9100/TC                  P                       6d9h
kubesphere-monitoring-system   notification-manager-controller-metrics   ClusterIP 10.233.40.178   <none>        8443/TC                  P                       6d9h
kubesphere-monitoring-system   notification-manager-svc                  ClusterIP 10.233.62.140   <none>        19093/T                  CP                      6d9h
kubesphere-monitoring-system   notification-manager-webhook              ClusterIP 10.233.48.198   <none>        443/TCP                                          6d9h
kubesphere-monitoring-system   prometheus-k8s                            ClusterIP 10.233.58.34    <none>        9090/TC                  P,8080/TCP              6d9h
kubesphere-monitoring-system   prometheus-operated                       ClusterIP None            <none>        9090/TC                  P                       6d9h
kubesphere-monitoring-system   prometheus-operator                       ClusterIP None            <none>        8443/TC                  P                       6d9h
kubesphere-system              ks-apiserver ClusterIP 10.233.14.88    <none>        80/TCP                                           6d9h
kubesphere-system              ks-console                                NodePort 10.233.18.99    <none>        80:3088                  0/TCP                   6d9h
kubesphere-system              ks-controller-manager                     ClusterIP 10.233.47.200   <none>        443/TCP                                          6d9h
tta amf-namf ClusterIP 10.233.51.153   <none>        80/TCP                                           3d12h
tta ausf-nausf ClusterIP 10.233.6.70     <none>        80/TCP                                           3d12h
tta mongodb ClusterIP 10.233.32.171   <none>        27017/T                  CP                      3d12h
tta nrf-nnrf ClusterIP 10.233.14.132   <none>        8000/TC                  P                       3d12h
tta nssf-nnssf ClusterIP 10.233.48.190   <none>        80/TCP                                           3d12h
tta pcf-npcf ClusterIP 10.233.12.137   <none>        80/TCP                                           3d12h
tta smf-nsmf ClusterIP 10.233.8.81     <none>        80/TCP                                           3d12h
tta udm-nudm ClusterIP 10.233.6.129    <none>        80/TCP                                           3d12h
tta udr-nudr ClusterIP 10.233.5.109    <none>        80/TCP                                           3d12h
jslab@5g:~$

 Red Hat OpenShift as a 5G NFV platform

5G RAN

Source: Red Hat 

DAY 3: PRIVATE 5G와 테스트베드

쿠버네티스

서비스

2323

JS Lab

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

하드웨어 가속

DAY 3: PRIVATE 5G와 테스트베드 2424
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DAY 3: PRIVATE 5G와 테스트베드 2525

Source: http://it.chosun.com/site/data/html_dir/2022/05/26/2022052601500.html

JS Lab

약 200 만원

DAY 3: PRIVATE 5G와 테스트베드 2626

25

26



14

JS Lab

DAY 3: PRIVATE 5G와 테스트베드 2727

원격제어

AI 기반 자동화

완전 무선화

JS Lab

IT Room

DAY 3: PRIVATE 5G와 테스트베드 2828

가상화
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DAY 3: PRIVATE 5G와 테스트베드
 Private 5G (예: Bosch) 

2929

기기 경량화 쉬운 업그레이드 기능 개선 생산성 증가

JS Lab

DAY 3: PRIVATE 5G와 테스트베드
 Data Plane 가속 (예): 엣지를 위한 컨테이너 플랫폼의 P4 사용

Source: https://www.kaloom.com/partners/intel/fpga

프로그램 가능 하드웨어 가속
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하이브리드 클라우드

하이브리드 엑세스

5G

DAY 3: PRIVATE 5G와 테스트베드 3131

JS Lab

노후 제어기의 가상화

Enterprise
Virtual
Cloud

기업은 모든 가능한
클라우드 자원을

활용하는 것이 필요

DAY 3: PRIVATE 5G와 테스트베드 3232
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 Aether: 5G/LTE Private Edge Cloud

SD-Fabric

Sensors

SurveillanceIoT

Multimedia

EmployeesVisitors

Connected Edge Central

Distributed Mobile Core User Plane
provides local breakout at all

remote Aether Edge sites

Shared Mobile Core Control Plane
in central cloud

supports all Aether Edge sites

Aether Control
and Management

Platform

Enterprise
Control Portal

SD-RAN
nRT-RIC / CU / 

DU

IoT AI/ML
Platform(s)

Central IoT 
AI/ML Apps

SD-Core
User Plane

SD-Core 
Control Plane

Edge Apps 에지 앱

IoT AL/ML 플랫폼

SD-RAN (O-RAN)

SD-Core

유저플레인

Source: https://opennetworking.org/sd-fabric/

DAY 3: PRIVATE 5G와 테스트베드 3333

JS Lab

 Aether: 엔터프라이즈의 DT을 위한 5G 커넥티드 에지 플랫폼 오픈소스

Aether

Source: https://opennetworking.org/wp-content/uploads/2020/12/Spotlight-OPs-1.pdf

DAY 3: PRIVATE 5G와 테스트베드

하드웨어 인프라

추상화

제어

3434
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AGV (Automatically 
Guided Vehicles)

DAY 3: PRIVATE 5G와 테스트베드 3535

JS Lab

DoD에서 Private 5G 
기술이 필요

DAY 3: PRIVATE 5G와 테스트베드 3636
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Storage Stock readiness Maintenance

DAY 3: PRIVATE 5G와 테스트베드 3737

JS Lab

DU

UPF

5G RAN

CU-CP

CU-UP

5G Core

Source: https://d2908q01vomqb2.cloudfront.net/c5b76da3e608d34edb07244cd9b875ee86906328/2022/02/27/Figure-3a.png

DAY 3: PRIVATE 5G와 테스트베드

전용선 서비스

3838
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 Microsoft Extends Enterprise Chops to Operators.

• Microsoft, as part of its deal with AT&T, also gained roughly 100 engineers from the operator. 
The enlarged team is now working to build AT&T’s Network Cloud technology into 
Microsoft’s standard hybrid-cloud product and a telco-centric platform for AT&T and other 
operators to deploy.

• The combination of AT&T and Microsoft’s efforts in this space is unique because it marks 
“the first time that a tier-one operator has embraced commercial hybrid cloud technology to 
run mobility network workloads,” wrote Hakl, a former longtime Verizon executive. 

• Microsoft’s 5G strategy links the private Azure Edge Zones service it announced in 2020, 
Azure IoT Central, virtualized evolved packet core (vEPC) software it gained by acquiring 
Affirmed Networks, and CNFs it brought on board when it acquired Metaswitch Networks. 

Matt Kapko | Senior Editor, March 3, 2022 10:00 PM
Source: https://www.sdxcentral.com/articles/news/aws-ceo-twists-cloud-giant-all-over-telco-systems/2022/03/

MS 하이브리드 클라우드 제품의 AT&T를 위한 플래랫폼 제공

MS의 통신장비 제조사 인수

DAY 3: PRIVATE 5G와 테스트베드 3939

JS Lab

RIC (Radio Interface Controller) 

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

협주 송신

수신 청취

DAY 3: PRIVATE 5G와 테스트베드 4040
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Source: 5GPPP Architecture Working Group, 5G Architecture White Paper

온프레미스 사설망

가상 사설망

DAY 3: PRIVATE 5G와 테스트베드 4141

JS Lab

드론

AGV

비디오 감시

AR/VR

센서

산업 자동화

스마트폰

사무용 PC

DAY 3: PRIVATE 5G와 테스트베드 4242

무인 운반차 (Automated Guided Vehicle, AGV)

41
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 AWS Private 5G for enterprises and AWS Wavelength for mobile operators

DAY 3: PRIVATE 5G와 테스트베드

AWS  MNO AWS  Enterprise

Source: https://www.netmanias.com/en/?m=view&id=oneshot&no=15352

4343

JS Lab

5세대(5G) 이동통신 기반 제조업 고도화를 추진하는 '5G-ACIA(Alliance for Connected Industries and Automation)'

DAY 3: PRIVATE 5G와 테스트베드

Source: https://www.netmanias.com/en/?m=view&id=blog&no=15161

4444
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일반 표준을 만들기

End-to-End 파트너와 협업

준비 구역 만들기

재생성 가능한 템플릿 만들기

Use Case를 위한 로드맵 만들기

PoC 하기

공통의 관리 계층 만들기

확장 할 수 있는 솔루션 선택

DAY 3: PRIVATE 5G와 테스트베드 4545

JS Lab

Groupe Speciale Mobile Association (GSMA)

커스터마이제이션/제어/비용 고려

Global System for Mobile Communications

DAY 3: PRIVATE 5G와 테스트베드 4646
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 OpenRAN and Industry Collaboration

DAY 3: PRIVATE 5G와 테스트베드

Source: https://telecominfraproject.com/openran/

4747
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DAY 3: PRIVATE 5G와 테스트베드 4848
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DAY 3: PRIVATE 5G와 테스트베드

Source: https://www.netmanias.com/ko/?m=view&id=blog&no=15133

4949

JS Lab

국가 정부기관 주파수 범위 대역폭 주파수 상용화 시점

독일 BNetzA
3.7 - 3.8 GHz 100MHz 2019.11.21 면허신청개시

24.25 - 27.5 GHz 3.25GHz 2021.01.01 면허신청개시

영국 Ofcom
3.8 - 4.2 GHz 400MHz 2019.12.09 면허신청개시

24.25 - 26.5 GHz 2.25GHz 2019.12.09 면허신청개시

일본 MIC (총무성)

4.6 - 4.9 GHz 300MHz 2020.12.18 면허신청개시

28.2 - 28.3 GHz 100MHz 2019.12.24 면허신청개시

28.3 - 29.1 GHz 800MHz 2020.12.18 면허신청개시

미국 FCC 3.55 - 3.7 GHz (CBRS) 150 MHz 2020.08.25 PAL 경매 완료

한국 과기정통부
4.71 ~ 4.82 GHz 100MHz 2021

28.9 - 29.5 GHz 600MHz 2021

DAY 3: PRIVATE 5G와 테스트베드

Source: https://www.netmanias.com/ko/private-5g/
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국내 사업자

DAY 3: PRIVATE 5G와 테스트베드

Source: https://www.netmanias.com/ko/?m=view&id=blog&no=15054

5151

JS Lab

DAY 3: PRIVATE 5G와 테스트베드

Source: 5G 특화망 가이드라인 , 과기정통부/KCA (2021. 10. ) 

5252
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DAY 3: PRIVATE 5G와 테스트베드

Source: ADVANCED CELLULAR NETWORK PLANNING AND OPTIMISATION, Ajay R Mishra, Nokia Networks

5353

JS Lab

최번시(Busy Hour)의 소요
트래픽 용량과 향후
확장성 고려

DAY 3: PRIVATE 5G와 테스트베드

Source: 5G 특화망 가이드라인 , 과기정통부/KCA (2021. 10. )

5454
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고객의 전략과 필요성 솔루션 설계 통합 과 시험 사이트 적용 라이프 스타일 관리

DAY 3: PRIVATE 5G와 테스트베드 5555

JS Lab

DAY 3: PRIVATE 5G와 테스트베드

Source: 5G 특화망 가이드라인 , 과기정통부/KCA (2021. 10. )

5656
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DAY 3: PRIVATE 5G와 테스트베드

Source: 5G 특화망 가이드라인 , 과기정통부/KCA (2021. 10. )

5757

JS Lab

DAY 3: PRIVATE 5G와 테스트베드

Source: 5G 특화망 가이드라인 , 과기정통부/KCA (2021. 10. )

5858
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DAY 3: PRIVATE 5G와 테스트베드

Source: 5G 특화망 가이드라인 , 과기정통부/KCA (2021. 10. )

5959

JS Lab

https://www.gapwireless.com/manufacturers/con
sultix/attachment/3d-heatmap/

DAY 3: PRIVATE 5G와 테스트베드

Source: https://ibwave.com/ibwave-design/ https://www.gapwireless.com/manufacturers/consultix/attachment/3d-heatmap/
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도면에 따른 4.7㎓ 안테나 소요량 산출 예시

DAS Passive Antenna

DAY 3: PRIVATE 5G와 테스트베드

Source: 5G 특화망 가이드라인 , 과기정통부/KCA (2021. 10. )

6161

JS Lab

DAY 3: PRIVATE 5G와 테스트베드

Source: 5G 특화망 가이드라인 , 과기정통부/KCA (2021. 10. )
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DAY 3: PRIVATE 5G와 테스트베드

Source: https://m.blog.naver.com/drryuhk/221898589988

6363

JS Lab

Sub 6 Module mmWave Module

DAY 3: PRIVATE 5G와 테스트베드 6464
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DAY 3: PRIVATE 5G와 테스트베드

Source: 5G 특화망 가이드라인 , 과기정통부/KCA (2021. 10. )
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JS Lab

DAY 3: PRIVATE 5G와 테스트베드

Source: 5G 특화망 가이드라인 , 과기정통부/KCA (2021. 10. )
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DAY 3: PRIVATE 5G와 테스트베드

Source: 5G 특화망 가이드라인 , 과기정통부/KCA (2021. 10. )

6767

JS Lab

DAY 3: PRIVATE 5G와 테스트베드

Source: 5G 특화망 가이드라인 , 과기정통부/KCA (2021. 10. )
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DAS (Distributed Antenna System) 

FHM (FrontHaul Multiplexer)

DAY 3: PRIVATE 5G와 테스트베드

Source: www.hfrnet.com
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JS Lab

DAY 3: PRIVATE 5G와 테스트베드

Source: https://www.hfrnet.com/front/main/mainPage
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DAY 3: PRIVATE 5G와 테스트베드

Source: 5G 특화망 가이드라인 , 과기정통부/KCA (2021. 10. )

7171

JS Lab

DAY 3: PRIVATE 5G와 테스트베드

Source: https://www.dac.nokia.com/private-wireless/
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DAY 3: PRIVATE 5G와 테스트베드

Source: https://www.netmanias.com/ko/private-5g/vendors/1550/

7373

JS Lab

DAY 3: PRIVATE 5G와 테스트베드

Source: https://www.ericsson.com/en/portfolio/iot-and-new-business/dedicated-networks/private-networks
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DAY 3: PRIVATE 5G와 테스트베드

Source: https://www.netmanias.com/ko/private-5g/vendors/1549/

7575

JS Lab

DAY 3: PRIVATE 5G와 테스트베드

Source: https://www.netmanias.com/ko/private-5g/vendors/1549/
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Radio 가상화 분야 제조사 인수

AT&T 사업 인수

DAY 3: PRIVATE 5G와 테스트베드
 Azure Stack Edge

Source: https://docs.microsoft.com/ko-kr/azure/databox-online/azure-stack-edge-gpu-deploy-install

7777

JS Lab

DAY 3: PRIVATE 5G와 테스트베드 7878
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79DAY 3: PRIVATE 5G와 테스트베드

Source: https://www.researchgate.net/figure/Private-5G-infrastructure-supporting-Industry-40_fig3_342210096

Indoor Radio Unit (IRU)

JS Lab

Source: https://www.ericsson.com/en/blog/2022/5/kubernetes-over-bare-metal-cloud-infrastructure-why-its-important-and-what-you-need-to-know

8080DAY 3: PRIVATE 5G와 테스트베드
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DAY 3: PRIVATE 5G와 테스트베드 8181

Source: https://www.redhat.com/en/blog/building-adaptable-5g-core-open-source-container-platform

애플리케이션 인프라 애플리케이션 서비스 서비스

오케스트레이션 원격측정 통합 멀티 클라우드 관리

관리 클러스터

제어 플레인/관리

JS Lab

jslab@5g:~$ sudo kubectl get pod -A
NAMESPACE                      NAME                                               READY   STATUS              RESTARTS       AGE
free5gc                        free5gc-v1-free5gc-amf-amf-c55c77495-rn7qj         1/1     Running             3 (3d8h ago)   6d9h
free5gc                        free5gc-v1-free5gc-ausf-ausf-6bbd758fd9-4twbl      1/1     Running             3 (3d8h ago)   6d9h
free5gc                        free5gc-v1-free5gc-nrf-nrf-75bb46cc86-rqcjz        1/1     Running             3 (3d8h ago)   6d9h
free5gc                        free5gc-v1-free5gc-nssf-nssf-6c6d67cc74-hflfw      1/1     Running             3 (3d8h ago)   6d9h
free5gc                        free5gc-v1-free5gc-pcf-pcf-878b85b55-crc42         1/1     Running             3 (3d8h ago)   6d9h
free5gc                        free5gc-v1-free5gc-smf-smf-5869b6c4c4-sp9m5        1/1     Running             3 (3d8h ago)   6d9h
free5gc                        free5gc-v1-free5gc-udm-udm-6c4cf95459-kh7cf        1/1     Running             3 (3d8h ago)   6d9h
free5gc                        free5gc-v1-free5gc-udr-udr-5d68499d79-4lkv9        1/1     Running             3 (3d8h ago)   6d9h
free5gc                        free5gc-v1-free5gc-upf-upf-7776cdcb94-k7nzf        1/1     Running             3 (3d8h ago)   6d9h
free5gc                        free5gc-v1-free5gc-webui-webui-9c87bcff4-sr42r     1/1     Running             3 (3d8h ago)   6d9h
free5gc                        mongodb-0                                          1/1     Running             3 (3d8h ago)   6d9h
free5gc                        ueransim-v1-gnb-6fd9c7f79c-h96xc                   1/1     Running             1 (3d8h ago)   5d8h
free5gc                        ueransim-v1-ue-784f76f55-kdjnz                     1/1     Running             2 (14m ago)    5d8h
kube-system                    calico-kube-controllers-846b5f484d-nqjh2           1/1     Running             3 (3d8h ago)   6d10h
kube-system                    calico-node-2fqzl                                  1/1     Running             3 (3d8h ago)   6d10h
kube-system                    coredns-b5648d655-52mxh                            1/1     Running             3 (3d8h ago)   6d10h
kube-system                    coredns-b5648d655-w6lhw                            1/1     Running             3 (3d8h ago)   6d10h
kube-system                    kube-apiserver-5g                                  1/1     Running             3 (3d8h ago)   6d10h
kube-system                    kube-controller-manager-5g                         1/1     Running             3 (3d8h ago)   6d10h
kube-system                    kube-multus-ds-9tjsr                               1/1     Running             3 (3d8h ago)   6d9h
kube-system                    kube-proxy-qmf2p                                   1/1     Running             3 (3d8h ago)   6d10h
kube-system                    kube-scheduler-5g                                  1/1     Running             3 (3d8h ago)   6d10h
kube-system                    nodelocaldns-t865p                                 1/1     Running             3 (3d8h ago)   6d10h
kube-system                    openebs-localpv-provisioner-5bfb67894-n8c9m        1/1     Running             3 (3d8h ago)   6d10h
kube-system                    snapshot-controller-0                              1/1     Running             3 (3d8h ago)   6d10h
kubesphere-controls-system     default-http-backend-5bf68ff9b8-s5l82              1/1     Running             3 (3d8h ago)   6d10h
kubesphere-controls-system     kubectl-admin-6dbcb94855-zl595                     1/1     Running             3 (3d8h ago)   6d10h
kubesphere-monitoring-system   alertmanager-main-0                                2/2     Running             6 (3d8h ago)   6d10h
kubesphere-monitoring-system   kube-state-metrics-7bdc7484cf-ctg2n                3/3     Running             9 (3d8h ago)   6d10h
kubesphere-monitoring-system   node-exporter-zntdp 2/2     Running             6 (3d8h ago)   6d10h
kubesphere-monitoring-system   notification-manager-deployment-78664576cb-s7vxp   2/2     Running             6 (3d8h ago)   6d10h
kubesphere-monitoring-system   notification-manager-operator-7d44854f54-b2mcg     2/2     Running             6 (3d8h ago)   6d10h
kubesphere-monitoring-system   prometheus-k8s-0                                   2/2     Running             6 (3d8h ago)   6d10h
kubesphere-monitoring-system   prometheus-operator-8955bbd98-8fnsb                2/2     Running             6 (3d8h ago)   6d10h
kubesphere-system              ks-apiserver-7c8c448bbb-zdt74                      1/1     Running             3 (3d8h ago)   6d10h
kubesphere-system              ks-console-54bd5bcbc6-cc2vs                        1/1     Running             3 (3d8h ago)   6d10h
kubesphere-system              ks-controller-manager-bdbb456f4-ggdqb              1/1     Running             3 (3d8h ago)   6d10h
kubesphere-system              ks-installer-57d7fd8859-6mqtm                      1/1     Running             3 (3d8h ago)   6d10h

8282DAY 3: PRIVATE 5G와 테스트베드
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특정 노드 선택

라벨 ‘ssd’를 가진 노드에 Pod가 스케줄링
(노드 이름에 종속적이지는 않도록 nodeName 대신

nodeSelector를 사용)

키가 kubernetes.io/e2e-az-name 이고 값이 e2e-
az1, e2e-az2 인 라벨을 가지는 노드에 Pod를 할당

2개 이상의
macthExpressions

정의 시, 하나의
matchExpressions

만족해도 됨

matchExpression에 여러
개 조건이 정의될 시, 모든
조건을 만족해야 Pod 생성 weight 값은 1에서

100까지의 값을 사용할 수
있으며, 이 값은 할당 가능한
노드들을 최종적으로 선정한

뒤, 최종적으로 Pod를
할당할각 노드에 대해 점수를

매길 때 사용

DAY 3: PRIVATE 5G와 테스트베드

Source: http://blog.naver.com/PostView.nhn?blogId=alice_k106&logNo=221511412970&parentCategoryNo=&categoryNo=20&viewDate=&isShowPopularPosts=false&from=postView

JS Lab

제품 (Products)

Source: https://ananki.io/
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DAY 3: PRIVATE 5G와 테스트베드 8585

Source: https://docs.vmware.com/en/VMware-Telco-Cloud-Platform---5G-Edition/2.0/telco-cloud-platform-5G-edition-reference-architecture-guide-20/GUID-B035B0EC-A7CB-41ED-9D06-3B3051D9C7A1.html

JS Lab

Source: https://docs.vmware.com/en/VMware-Telco-Cloud-Automation/2.0/com.vmware.tca.userguide/GUID-63A822DB-066E-4146-B8C1-72864A6D9DF3.html

8686DAY 3: PRIVATE 5G와 테스트베드
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Source: https://docs.vmware.com/en/VMware-Telco-Cloud-Automation/2.0/com.vmware.tca.userguide/GUID-63A822DB-066E-4146-B8C1-72864A6D9DF3.html

8787DAY 3: PRIVATE 5G와 테스트베드

JS Lab

DAY 3: PRIVATE 5G와 테스트베드 8888

Source: https://www.sdxcentral.com/articles/news/vmware-validates-ericsson-cloud-native-5g-core/2022/04/

Dan Meyer | Executive EditorApril 26, 2022 11:00 AM
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Azure 마켓플레이스에서 5G or LTE코어 다운로드 적용

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

8989DAY 3: PRIVATE 5G와 테스트베드

JS Lab

DAY 3: PRIVATE 5G와 테스트베드

Source: https://techblog.comsoc.org/category/5g-network-slicing/
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JS Lab

Source: https://www.ericsson.com/en/blog/2022/5/kubernetes-over-bare-metal-cloud-infrastructure-why-its-important-and-what-you-need-to-know

9191DAY 3: PRIVATE 5G와 테스트베드

JS Lab

Source: https://www.ericsson.com/en/blog/2022/5/kubernetes-over-bare-metal-cloud-infrastructure-why-its-important-and-what-you-need-to-know
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Source: https://www.researchgate.net/figure/Multi-layered-architecture-of-network-slice-provisioning-in-5G-via-the-composition-of_fig1_350993520

9393DAY 3: PRIVATE 5G와 테스트베드

JS Lab

Source: https://medium.com/@anil.sonmez/5g-slicing-with-gitops-17a9f2db5e81

9494DAY 3: PRIVATE 5G와 테스트베드
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Source: VIRTUALIZED CELLULAR NETWOKS WITH NATIVE CLOUD FUNCTIONS, Iria Míguez González 

9595DAY 3: PRIVATE 5G와 테스트베드

JS Lab

96

VM SW & Role IP address OS vRAM HDD (Min)
VM1 Open5GS 5GC C-Plane 192.168.0.111/24 Ubuntu 20.04 1GB 20GB

VM2 Open5GS 5GC U-Plane1 192.168.0.112/24 Ubuntu 20.04 1GB 20GB

VM3 Open5GS 5GC U-Plane2 192.168.0.113/24 Ubuntu 20.04 1GB 20GB

VM4 UERANSIM RAN (gNodeB) 192.168.0.131/24 Ubuntu 20.04 1GB 10GB

VM5 UERANSIM UE 192.168.0.132/24 Ubuntu 20.04 1GB 10GB

VM1

VM4

VM3VM2

VM5

IMSI-001010000000000

IMSI-001010000000001

IMSI-001010000000002

IMSI-001010000000003

IMSI-001010000000004

UE @ 
UELANSIM

gNB @ 
UELANSIM

if=uesimtun0/10.45.0.2

if=uesimtun2/10.46.0.3

if=uesimtun1/10.46.0.2

if=uesimtun4/10.47.0.3

if=uesimtun3/10.47.0.2

if=ogstun/10.45.0.1

if=ogstun2/10.46.0.1

if=ogstun3/10.47.0.1

DNN=internet

DNN=internet2

DNN=ims

DN=10.45.0.0/16

DN=10.46.0.0/16

DN=10.47.0.0/16

DAY 3: PRIVATE 5G와 테스트베드
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 AI/ML @ O-RAN
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.

Source: https://www.redhat.com/en/blog/open-ran-and-o-ran-brief?fbclid=IwAR0V6fivK9xv2LEkXNTvjBeOSRVYB0cej4Q_zV6teY2Oh_GrVWmWDMS07js

9797DAY 3: PRIVATE 5G와 테스트베드

JS Lab

 AI/ML @ O-RAN

 O-RAN 구성

 256 software-defined radios

 25.6 GHz of emulated bandwidth, 52 TB/s RF data

 21 racks of radios, 171 high-performance servers w/ CPUs, GPUs

 Massive computing capabilities (CPU, GPU, FPGA):

o > 900 TB of storage

o 320 FPGAs

o 18 10G switches 

o 19 clock distribution systems 

o 52 TB/s of digital RF data

9898DAY 3: PRIVATE 5G와 테스트베드

97

98



50

JS Lab

 RIC

• Near-RT RIC
• Non-Real time RIC

Source: https://www.redhat.com/en/blog/open-ran-and-o-ran-brief?fbclid=IwAR0V6fivK9xv2LEkXNTvjBeOSRVYB0cej4Q_zV6teY2Oh_GrVWmWDMS07js

9999DAY 3: PRIVATE 5G와 테스트베드

JS Lab

Network Function Role

MME Mobility Management Entity

HSS Home Subscriber Server

PCRF Policy and Charging Rules Function

SGW-c Serving Gateway Control Plane

SGW-u Serving Gateway User Plane

SMF+PGW-c Session Management Function + PDN Gateway Control Plane

UPF+PGW-u User Plane Function + PDN Gateway User Plane

NRF Network Repository Function (it is only for NF registration of 5G 
functions)

Web-UI GUI to configure subscriber and its profile for HSS/PCRF

DAY 3: PRIVATE 5G와 테스트베드

Source: https://aws.amazon.com/blogs/opensource/open-source-mobile-core-network-implementation-on-amazon-elastic-kubernetes-service/
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101

Source: https://cmte.ieee.org/futuredirections/2022/06/12/5g-network-digital-twins/?fbclid=IwAR1sGoJ66vhguExYNAtnBM5izfwV05jpDjfbL4Dj-9-gWxZagyrEVarZaak

DAY 3: PRIVATE 5G와 테스트베드

JS Lab

102

Namespace

노출 Port

노출 Port 지정

DAY 3: PRIVATE 5G와 테스트베드
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103103

Source: https://dl.acm.org/doi/pdf/10.1145/3493425.3502749?fbclid=IwAR08K2ozQDvyJYz8l3Ld6GX0K1nKsCtROy7J_ztRDZ_K6UcCR52AZUV519I

DAY 3: PRIVATE 5G와 테스트베드

JS Lab

104104

Source: https://dl.acm.org/doi/pdf/10.1145/3493425.3502749?fbclid=IwAR08K2ozQDvyJYz8l3Ld6GX0K1nKsCtROy7J_ztRDZ_K6UcCR52AZUV519I
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105105

Source: https://dl.acm.org/doi/pdf/10.1145/3493425.3502749?fbclid=IwAR08K2ozQDvyJYz8l3Ld6GX0K1nKsCtROy7J_ztRDZ_K6UcCR52AZUV519I
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JS Lab

DAY 3: PRIVATE 5G와 테스트베드

Source: https://aws.amazon.com/blogs/opensource/open-source-mobile-core-network-implementation-on-amazon-elastic-kubernetes-service/
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시연 Operations

VM 기반 실습 인프라 대체
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JS Lab

Source: Open, Programmable, and Virtualized 5G Networks: State-of-the-Art and the Road Ahead, Institute for the Wireless Internet of Things, Northeastern University, Boston, MA 02115, USA

DAY 3: PRIVATE 5G와 테스트베드 107107

JS Lab

Source: Open, Programmable, and Virtualized 5G Networks:, State-of-the-Art and the Road Ahead, Institute for the Wireless Internet of Things, Northeastern University, Boston, MA 02115, USA
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O-RAN

SD-RAN

Source: Open, Programmable, and Virtualized 5G Networks:, State-of-the-Art and the Road Ahead, Institute for the Wireless Internet of Things, Northeastern University, Boston, MA 02115, USA

DAY 3: PRIVATE 5G와 테스트베드 109109

FlexRAN

JS Lab

 Stone Crushing Plant at GS Lab

Source: Lab Setup at GS Lab:   https://youtu.be/_fOU3a4brPY , Stone Crushing Plant at GS Lab: https://youtu.be/YWRlXqR0Xnc

110110DAY 3: PRIVATE 5G와 테스트베드
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LL-MEC is a real-time Multi-access Edge Computing platform

 오픈 프레임워크와 프로젝트

111111DAY 3: PRIVATE 5G와 테스트베드

JS Lab
bladeRF 2.0 micro xA4 Iris V2.1 Transponder Stack LimeSDR USRP

출처: Survey paper, Computer Networks 182 (2020) 107516, Open, Programmable, and Virtualized 5G Networks: State-of-the-Art and the Road Ahead✩
Leonardo Bonati ∗, Michele Polese, Salvatore D’Oro, Stefano Basagni, Tommaso Melodia, Institute for the Wireless Internet of Things, Northeastern University, Boston, MA 02115, USA

 RAN 소프트웨어 설치 가능한 SDR

112112DAY 3: PRIVATE 5G와 테스트베드
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DAY 3: PRIVATE 5G와 테스트베드 113113

JS Lab
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DAY 3: PRIVATE 5G와 테스트베드 115115

OpenStack* EPA 

JS Lab

Feature Name First OpenStack* 
Release

Description Benefit Performance Data

Host CPU feature 
request

Icehouse*
Expose host CPU features to 
OpenStack managed guests

Guest can directly use CPU 
features instead of emulated 
CPU features

~20% to ~40% improvement 
in guest computation

PCI passthrough Havana*
Provide direct access to a 
physical or virtual PCI device

Avoid the latencies 
introduced by hypervisor and 
virtual switching layers

~8% improvement in network 
throughput

HugePages* 
support

Kilo*
Use memory pages larger 
than the standard size

Fewer memory translations 
requiring fewer cycles

~10% to ~20% improvement 
in memory access speed

NUMA awareness Juno*

Ensures virtual CPUs 
(vCPU)s executing processes 
and the memory used by 
these processes are on the 
same NUMA node

Ensures all memory 
accesses are local to the 
node and thus do not 
consume the limited cross-
node memory bandwidth, 
adding latency to memory 
accesses

~10% improvement in guest 
processing

IO based NUMA 
scheduling

Kilo*

Creates an affinity that 
associates a VM with the 
same NUMA nodes as the 
PCI device passed into the 
VM

Delivers optimal performance 
when assigning PCI device to 
a guest

~25% improvement in 
network throughput for 
smaller packets

CPU pinning Kilo
Supports the pinning of VMs 
to physical processors

Avoids scheduling 
mechanism moving the guest 
virtual CPUs to other host 
physical CPU cores, 
improving performance and 
determinism

~10 % to ~20% improvement 
in guest processing

CPU threading 
policies

Mitaka*
Provides control over how 
guests can use the host 
hyper thread siblings

More fine-grained 
deployment of guests on HT-
enabled systems

Up to ~50% improvement in 
guest processing

OVS-DPDK, 
neutron

Liberty*
An industry standard virtual 
switch accelerated by DPDK

Accelerated virtual switching
~900% throughput 
improvement

EPA 적용시 네트워크와 CPU 
처리등의 10% 이상 성능 개선 기대

DAY 3: PRIVATE 5G와 테스트베드
 OpenStack* EPA (Enhanced 

Platform Awareness)

• 적용 기능별 성능 개선 분석(Feature 
Breakdown and Analysis)

• EPA Features Covered

 Host CPU feature request (20~40%)
 PCI passthrough (~8%)
 HugePages* support (10~20%)
 NUMA awareness (~10%)
 IO based NUMA scheduling (~25%)
 CPU pinning (10~20%)
 CPU threading policies (~50%)
 OVS-DPDK, neutron (~900%)

Source: https://software.intel.com/content/www/us/en/develop/articles/openstack-epa-feature-breakdown-and-analysis.html
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