
5G 네트워크 기술 특강

1

Fronthaul/Backhaul

안종석

james@jslab.kr

JS Lab

2021. 7.
(2021년 12월까지사용권장)

ja
m

es
@

js
la

b.
kr

5G
 융

합
서

비
스

테
스

트
베

드

JS Lab

I. Access Network 구성

II. 광중계기 구조와 기술

III. RF 중계기 구조와 기술

IV. 오픈소스 프로젝트



5G 네트워크 기술 특강

2

ja
m

es
@

js
la

b.
kr

5G
 융

합
서

비
스

테
스

트
베

드

JS Lab

I. Access Network 구성

II. 광중계기 구조와 기술

III. RF 중계기 구조와 기술

IV. 오픈소스 프로젝트

ja
m

es
@

js
la

b.
kr

5G
 융

합
서

비
스

테
스

트
베

드

JS Lab
4

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

I. Access Network 구성



5G 네트워크 기술 특강

3

ja
m

es
@

js
la

b.
kr

5G
 융

합
서

비
스

테
스

트
베

드

JS Lab
출처: https://www.linkedin.com/pulse/fronthaul-telecom-industry-moreno-pmp-acm-cnse-6sigma-agile-osha

I. Access Network 구성

5

https://link.springer.com/article/10.1007/s11277-021-08550-9/figures/1

ja
m

es
@

js
la

b.
kr

5G
 융

합
서

비
스

테
스

트
베

드

JS Lab출처: https://www.viavisolutions.com/en-us/fronthaul

I. Access Network 구성

6



5G 네트워크 기술 특강

4

ja
m

es
@

js
la

b.
kr

5G
 융

합
서

비
스

테
스

트
베

드

JS Lab출처: https://www.viavisolutions.com/en-us/fronthaul

I. Access Network 구성

7

CPRI | Common Public Radio Interface eCPRI

http://www.opwaytech.com/faq_view.aspx?typeid=37&id=432&fid=t8:37:8
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https://www.design-reuse.com/articles/43933/packet-based-fronthaul-a-critical-enabler-of-5g.html
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(출처: The Next Generation Wireless Access Technology Second, Edition Erik Dahlman Stefan Parkvall Johan Sköld)
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Dhiman D Chowdhury, 
Strategic Marketing & Product Management T&F Division
https://www.trimble.com/timing/
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항목 아날로그 광중계기 디지털 광중계기

광모듈 아날로그 신호의 S/N을 만족하기 위해 큰
출력의 LD(Laser Diode)를 사용

디지털 신호는 수 spread 되어 있어 저출
력의 LD를 사용하여도 전송가능

cascade 장비의 열화가 다음 연결된 장비에 영향 장비의 열화가 다음 장비와 무관

지연조절 광케이블을 수km 감아 지연작용 디지털 메모리로 간단히 구성
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** DAS (Distributed Antenna System) 
** POTN (Packet-Optical Transport Network)
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( 출처: IITP 정보통신 평가 기획원 )
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https://medium.com/5g-nr/cloud-ran-and-ecpri-fronthaul-in-5g-networks-a1f63d13df67

출처: https://www.design-reuse.com/articles/48289/opening-the-5g-radio-interface.html

I. Access Network 구성

22



5G 네트워크 기술 특강

12

ja
m

es
@

js
la

b.
kr

5G
 융

합
서

비
스

테
스

트
베

드

JS Lab
출처: https://www.viavisolutions.com/en-us/fronthaul

I. Access Network 구성

23

ja
m

es
@

js
la

b.
kr

5G
 융

합
서

비
스

테
스

트
베

드

JS Lab
출처: https://www.nctatechnicalpapers.com/Paper/2019/2019-5g-backhaul-fronthaul-opportunities-and-challenges

I. Access Network 구성

24



5G 네트워크 기술 특강

13

ja
m

es
@

js
la

b.
kr

5G
 융

합
서

비
스

테
스

트
베

드

JS Lab출처: https://www.lightwaveonline.com/5g-mobile/article/14036770/enabling-cran-and-transport-convergence-with-timesensitive-networking

I. Access Network 구성

25

ja
m

es
@

js
la

b.
kr

5G
 융

합
서

비
스

테
스

트
베

드

JS Lab출처: https://www.lightwaveonline.com/5g-mobile/article/14036770/enabling-cran-and-transport-convergence-with-timesensitive-networking

I. Access Network 구성

26



5G 네트워크 기술 특강

14

ja
m

es
@

js
la

b.
kr

5G
 융

합
서

비
스

테
스

트
베

드

JS Lab출처: https://www.design-reuse.com/articles/48289/opening-the-5g-radio-interface.html

I. Access Network 구성

27

ja
m

es
@

js
la

b.
kr

5G
 융

합
서

비
스

테
스

트
베

드

JS Lab

BBU: Baseband unit; COTS: Commercial off-the-shelf; CP: Control plane; CU: Central unit; 
DU: Distributed unit; UP: User plane; vCore: Virtual core network; vCU: Virtual central unit

17 February 2021
@QCOMResearch
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CU: Central unit; 
DU: Distributed unit; 
MAC: Medium access control; 
PDCP: Packet data convergence protocol; 
PHY: Physical layer; 
RF: Radio frequency; 
RLC: Radio link control; 
RRC: Radio resource control; 
SDAP: Service data adaptation protocol
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SON: Self-optimizing networks; 
nFAPI: Network functional application platform interface
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CUS: Control, User and Synchronization plane 
nFAPI: Network functional application platform interface
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CU: Central unit; 
DU: Digital unit; 
eMBB: Enhanced mobile broadband; 
NF: Network function; 
mMTC: Massive machine type communications; 
O-: ORAN-; 
RIC: RAN intelligent controller; 
RU: Radio unit

17 February 2021
@QCOMResearch
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Ref: ITU-T rec G.8271.1/Y.1366.1 figure VII.2
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Ref: ITU-T rec G.8271.1/Y.1366.1 figure VII.2
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Ref: ITU-T rec G.8271.1/Y.1366.1 figure VII.2
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 RAN 구조의 변화 (New C-RAN/Fronthaul)

42

( 출처: https://www.netmanias.com/ko/?m=view&id=blog&no=8104 )  

DU(Digital Unit)는 베이스밴드 장치(BBU: BaseBand
Unit) 등으로도 불리고, RU(Radio Unit)는 원격 무선 장
비(RRH: Remote Radio Head) 등으로도 불린다.
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 새로운 BBU와 RRH가 필요하고, Fronthaul도 패킷 프론트홀로 구축

43

( 출처: https://www.netmanias.com/ko/?m=view&id=blog&no=8104 )  

 Central Unit (CU)

 Distributed Unit (DU)

I. Access Network 구성

셀 경계에 위치한 단말의 throughput을 높이기 위하여 새로운
형태의 셀 간 협력 기술인 Coordinated Multi-Point (CoMP) 가
등장합니다. CoMP는 이웃한 셀들이 협력하여서 serving 셀
뿐만 아니라 다른 셀들도 같은 단말과 통신할 수 있도록
함으로써 셀 간 간섭을 줄이고 셀 경계에서 단말의
throughput을 높이는 기술
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DCSG (Disaggregated Cell Site Gateway) BC(Boundary Clock)
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출처: https://www.lightwaveonline.com/5g-mobile/article/14036770/enabling-cran-and-transport-convergence-with-timesensitive-networking
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xHaul Domain Control
Provides multilayer IP Optical domain control of the xHaul network

IP Transport
Provides the advanced IP transport capabilities required to deliver 5G xHaul

Optical Transport
Provides the powerful, intelligent, optical layer transport required for 5G xHaul

I. Access Network 구성
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JS Lab출처: https://m.blog.naver.com/drryuhk/221898589988
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II. 광중계기 구조와 기술
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II. 광중계기 구조와 기술

출처: https://ensxoddl.tistory.com/138
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DPX(듀플렉서로 신호를 나누는 용도), LPA(선형증폭기), LNA(저잡음증폭기), UPC(상향주파수변환기), DNC(하향주파수변환기)
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*출처: 쏠리드 IR자료
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*출처: 쏠리드 IR자료, NICE평가정보(주) 재구성
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*출처: 전자신문, 2021.04.08

61

II. 광중계기 구조와 기술
ja

m
es

@
js

la
b.

kr
5G

 융
합

서
비

스
테

스
트

베
드

JS Lab

 한국전자통신연구원(ETRI)이 28㎓ 주파수를 이용한 5G (5세대 이동통신) 서비스를
훨씬 싸고 쉽게 구축 수 있도록 해주는 실내용 광(光)중계기 장비를 개발

출처: https://www.chosun.com/economy/tech_it/2020/12/10/NDH7VDYGLVGPNFUJNWRTHRKLA4/
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출처: https://www.etri.re.kr/webzine/20210129/sub05.html
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출처: https://www.chosun.com/economy/tech_it/2020/12/10/NDH7VDYGLVGPNFUJNWRTHRKLA4/
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출처: https://www.newspim.com/news/view/20201210000271
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출처: https://www.newspim.com/news/view/20201210000271
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출처: https://www.newspim.com/news/view/20201210000271
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출처: https://ensxoddl.tistory.com/138
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출처: https://ensxoddl.tistory.com/138
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*출처: 쏠리드 IR자료
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*출처: https://5gstory.tistory.com/2
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*출처: 쏠리드 IR자료
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(출처: SK텔레콤 제공)
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 모바일과 브로즈밴드 통합 엑세스망 환경 고려 (예: COMAC)

COMAC(Converged Multi-Access & Core)
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 SEBA Tutorial

• Access including subscriber, virtual ONU, and virtual OLT & SEBA component
• Aggregation Switch
• BNG (its simply DHCP server)

https://blog.zufardhiyaulhaq.com/seba-tutorial/#more-430

o Install Docker
o Install Kubernetes
o Install Helm
o Clone SEBA/CORD Chart
o Install Kafka
o Install ONOS
o Install Mininet
o Install Voltha
o Install Ponsim
o Install NEM Chart
o Install DHCP Server

IV. 오픈소스 프로젝트
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CORD

Leaf-Spine
패브릭

BBUs
(Multi-
RATs)

Front- Haul 
To RRUs Back Haul RRU  

Residential
Residential 
Software 

Stack vOLT, 
vSG, 

vRouter, 
vCDN

5G
Mobility 

Stack over 
Multiple 

RATs

4G
Mobility 
Software 

Stack : vBBU, 
VOD, vCDN, 

vDNS

Host 1

Host 2

Host 3

가상 계층

VNF-
2C

VNF-
2C

VNF-
2C

VNF-
2C

VNF-
2C

VNF-
2C

VNF-1 VNF-3

라우터
1

라우터
2

Operator
Mobile 
Core 

vSG (Virtual Subscriber Gateway)BBU (Baseband Unit) RRU (Remote Radio Unit)

 CORD 관리 아키텍처: ONOS(SDN 제어기), OpenStack, XOS and more

RESTful API / TOSCA TOSCA,  Yang

RAT (Radio Access Technology)

TOSCA (Topology and 
Orchestration Specification for 
Cloud Applications)
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 성능이 필요한 시장을 위한 SmartNIC 솔루션
 SmartNIC/XDP(eXpress Data Path) 기반 가속화 클라우드 네트워킹 솔루션
 Smart Optimized Networking for Cloud Native (오프로드: Neutron, OVS, OVS-

DPDK, VxLAN, ACL, DVR, D/S NAT, Encrypted IPSec), 로깅, 모니터링 가속

IV. 오픈소스 프로젝트
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 The Linux Foundation Network Analytics Projects
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 Acumos
 An Open Source AI Machine Learning Platform 

• By AT&T and The Linux Foundation

출처: https://www.acumos.org/wp-content/uploads/sites/61/2018/03/acumos_open_source_ai_platform_032518.pdf
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출처: https://www.5g-networks.net/5g-technology/openran-o-ran-for-5g-explained/

A CableFree Remote Radio Head (RRH) 
used for O-RAN networks
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출처: https://www.design-reuse.com/articles/48289/opening-the-5g-radio-interface.html
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출처: https://www.design-reuse.com/articles/48289/opening-the-5g-radio-interface.html
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 The Status of Open Source for 5G (1 of 2) - 5G Americas 

5G Network 
Area

Focus Brief Description Open Source Effort References

Infrastructure Hardware
High performance at lower cost by 
programmability and specialization of 
tasks

Open Compute Project: https://www.opencompute.org
P4: https://p4.org

Infrastructure Networking
Fast rate packet processing by 
acceleration techniques

DPDK: http://dpdk.org
VPP: https://fd.io

Infrastructure 
Operating 
System

Enabling white box use in carrier grade 
networks

Linux: https://www.linuxfoundation.org/projects/linux/
Berkle Software Distribution: http://www.bsd.org
Disaggregated Network Operating System: https://www.danosproject.org

Access 
Network

Radio
Implementing 4G LTE and 5G Radio 
Access Network for NodeB and/or User 
Equipment

openair5G: https://gitlab.eurecom.fr/oai/openairinterface5g/wikis/home
O-RAN: https://www.o-ran.org/

Core Network
Wireless Core 

Network
Implementing 4G LTE EPC and 5G NGC

openairCN: https://gitlab.eurecom.fr/oai/openairinterface5g/wikis/home
M-CORD NGIC: https://software.intel.com/en-us/articles/an-interactive-
demo-of-the-next-generation-infrastructure-core-reference-
implementation

Management & 
Control

Networking
Carrier grade packet processing and flow 
control

OpenDaylight: https://www.opendaylight.org ONOS: 
https://onosproject.org
Open vSwitch: https://www.openvswitch.org
M-CORD NGIC: https://software.intel.com/en-us/articles/an-interactive-
demo-of-the-next-generation-infrastructure-core-reference-
implementation
FD.io: https://fd.io

Management & 
Control

Virtualization
Abstraction of general compute resources 
to be shared across multiple applications 
and logical networks

OpenStack: https://www.openstack.org
Kubernetes: https://kubernetes.io
Docker: https://www.docker.com

Management & 
Control

Orchestration
Frameworks for describing dynamic 
function and network deployment policies 
with specific performance characteristics

Open Source MANO (OSM): https://osm.etsi.org
MEF Lifecycle Service Orchestration (LSO): 
XOS: https://www.opennetworking.org/xos/
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 The Status of Open Source for 5G (2 of 2) - 5G Americas 

5G Network 
Area

Focus Brief Description Open Source Effort References

Management & 
Control

Automation

Frameworks and middleware for enabling 
Orchestration and Management tools to 
configure general compute and 
networking components via virtualization 
layers

xRAN: http://www.xran.org
ONAP: https://www.onap.org
Ansible: https://www.ansible.com
Terraform: https://www.terraform.io/

Management & 
Control

Modeling

Modeling tools and languages for defining 
function and network services for 
deployment used by Orchestration 
Frameworks

TOSCA: https://www.oasis-
open.org/committees/tc_home.php?wg_abbrev=tosca
JuJu: http://jujucharms.com
YAML: http://yaml.org
YANG: https://tools.ietf.org/html/rfc6020

Management & 
Control

DevOps

Software development methods to 
automate process of building, validating 
and deploying workloads into NFV 
environments for service agility

Elasticsearch, Logstash, Kibana (ELK): https://www.elastic.co/elk-stack
Consul: https://www.consul.io
Etcd: https://coreos.com/etcd/
Jenkins: https://jenkins.io/
Puppet: https://puppet.com
Chef: https://www.chef.io/chef/

Management & 
Control

Testing Tools

Management & 
Control

Analytics
Data streaming protocols for continuous 
analysis of the service monitoring

Apache Kafka: https://kafka.apache.org/
Apache Spark: https://spark.apache.org/

Management & 
Control

AI Framework for use of AI in Network Automation https://www.acumos.org/

Management & 
Control

Edge Compute Open source software for Edge Computing https://www.akraino.org/

Management & 
Control

Cybersecurity
Security framework for Virtual network 
infrastructures

SHIELD: https://torsec.github.io/shield-h2020/about/summary.html
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