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[Abstract]

Radio access networks (RANSs), referring to networks that connect user equipment (UE) to a core network (CN), are core
concepts in mobile communications. With the rapid increase in network traffic, the demand for next-generation wireless
communication technologies to accommodate this growth has been rising. There is a growing need to optimize network resources
and enhance efficiency, reliability, and processing performance through virtualization, cloud-based services, and intelligent
technologies. In response to these demands, the O-RAN Alliance was established in 2018, and research on next-generation
networks has been actively conducted. However, only a limited number of studies on O-RAN have been identified in Korea. In
this study, we extracted keywords from research literature related to RANs from the Web of Science (WoS) for network analysis
and reviewed research cases on the RAN Intelligent Controller (RIC), which is an intelligent component of O-RAN.
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O-RAN9] 8 7424+ SMO (service management
orchestration) = YYF9} RIC (RAN intelligent
controller), O-CU (O-RAN central unit), O-DU
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O-Cloud (O-RAN cloud)¢} o]55 dZ23l= AE o] ~=2
TAEHZY 1D[4]. 23 12 O-RAN Alliance®ll A HA]
3L 9= O-RANSQ] ol7|€]3 2, O-RAN Au|2=9] 4]
’d 8¢} QIE]Ho] A5 Astar Q).

O-Clouds= ZeH-= 7Wke] A8 SHES Au]~
TALAZ RIC, O-CU, O-DUS} &2 75 24
[3]. O-CU$ O-DUE 3GPP #¥+2] NG-RAN (next
generation RAN) & 28] u}A% 4] Q Sro]t},

O-CU= Aol HWAH(O-CU-CP; O-RAN central unit
control plane)¥} AF&AF HH(O-CU-UP; O-RAN central
unit user plane)2.& Fg]¥t}. O-CU-CPx RRC (radio
resource control)®} PDCP (packet data convergence
protocoD)2] Ao] HW HE-E TAH s =g wE=,
AA AA, M=o, QoS (quality of service) F3, Het
7% & UEAA 94 Ao % e Ves Aed5].
O-CU-UP+ PDCPe} SDAP (service data adaptation
protocol) 9] AF&AF HH 28 S48 s =4 =2,
AREAL ol 93l AAE, S5 AA, dolE] 5w
5 AR HolH EgE A 7es AlESH5]. A o
2, 0-CUx= Alo] HH#} ALgA; o= fejulo] 22k
L #Esta, MEYD 94 #8, EE #8 2 QoS T
< 99sHs O-RANS| 44840t}

O-RU= Ad® E¢] A=(ow-physical layer)¥} F4

)
oo

http://dx.doi.org/10.9728/dcs.2025.26.3.799

Service Managment Orchestration Framework

Non-Real-Time RAN Intelligent Controller
rApp rApp

[ 1Nl

Near-Real-Time RAN Intelligent Controller

XAPP XAPP

02 o1

Open Fronthaul

Open Fronthaul

O-Cloud

33 1. O-RAN Of7|Elx
Fig. 1. O-RAN architecture

Tl A 7)5E AlEshs =84 =2, 3GPP2] TRP
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Table 1. Functions of O-RAN's technical work groups

(WGs), focus groups (FGs), and research group

kH

(RG)
Groups Functions
WG1 Use Cases and Overall Architecture Work Group
WG2 The Non—Real-Time RAN Intelligent Controller and A1
Interface Work Group
WG3 The Near—Real-Time RIC and E2 Interface Work Group
WG4 The Open Fronthaul Interfaces Work Group
WG5 The Open F1/W1/E1/X2/Xn Interface Work Group
WG6 The Cloudification and Orchestration Work Group
WG7 The White—box Hardware Work Group
WG8 Stack Reference Design Work Group
WG9 Open X—haul Transport Work Group
WG10 OAM Work Group
WG11 Security Work Group
SDFG Standard Development Focus Group
IEFG Industry Engagement Focus Group
OSFG Open Source Focus Group
TIFG Testing and Integration Focus Group
SuFG Sustainability Focus Group
nGRG next Generation Research Group
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¥ 2 Yz 24 ZI (O-RAN)

Table 2. Results of frequency analysis (O-RAN)

Keywords Count | Keywords Count
Open Radio Access Network (O—RAN) 118 Ultra—reliable and Low Latency Communications (URLLC) 16
Deep Reinforcement Learning (DRL) 65 Federated Learning (FL) 16
Radio Access Network (RAN) 49 Cloud Computing (CC) 16
Computer Architecture 47 Handover 14
Network Slicing 46 Task Analysis 14
Machine Learning (ML) 46 Deep Learning (DL) 13
Artificial Intelligence (Al) 40 Virtualized RAN (VRAN) 13
Resource Management 38 Unmanned Aerial Vehicles (UAV) 12
RAN Intelligent Controller (RIC) 37 Virtualization 12
Resource Allocation 31 Protocols 12
Optimization 31 Functional Split 11
Security 30 Network Function Virtualization (NFV) 10
XApp 27 Servers 10
Quality of Service (QoS) 20 Digital Twin 10
Energy Efficiency 17 Internet of Things (IoTs) 10
¥ 3. Bl 24 A3} (5G RAN)

Table 3. Results of frequency analysis (5G RAN)

Keywords Count | Keywords Count
Radio Access Network (RAN) 465 Long Term Evolution (LTE) 196
Network Slicing 351 Software Defined Networks (SDNs) 188
Resource Management 322 Massive MIMO 155
Millimeter Wave (mmWave) 312 Fronthaul (FH) 151
Internet of Things (loTs) 301 Throughput 151
Resource Allocation 301 Computer Architecture 148
Quality Of Service (QoS) 290 | Interference 140
Machine Learning (ML) 244 Orthogonal Frequency Division Multiplexing (OFDM) 135
Energy Efficiency (EE) 243 New Radio (NR) 125
Deep Reinforcement Learning (DRL) 241 Heterogeneous Networks 123
Cloud Radio Access Network (Cloud RAN) 239 Open Radio Access Network (O—RAN) 122
Wireless Communication 239 Beamforming 120
Cognitive Radio (CR) 215 Radio Frequency (RF) 117
Optimization 211 Spectrum Sharing 115
Non-Orthogonal Multiple Access (NOMA) 203 Artificial Intelligence (Al) 115
¥ 4. BlE 24 A5} (6G RAN)

Table 4. Results of frequency analysis (6G RAN)

Keywords Count | Keywords Count
Resource Management 102 Security 49
Radio Access Network (RAN) 93 Network Slicing 47
Wireless Communication 84 Resource Allocation 41
Machine Learning (ML) 82 Cognitive Radio (CR) 37
Internet of Things (loTs) 76 Throughput 36
Artificial Intelligence (Al) 69 Deep Learning (DL) 34
Deep Reinforcement Learning (DRL) 68 Unmanned Aerial Vehicle (UAV) 33
Radio Frequency (RF) 63 Reliability 33
Optimization 62 Sensor 32
Quality Of Service (QoS) 61 Uplink 32
Millimeter Wave (mmWave) 59 Reconfigurable Intelligent Surface (RIS) 32
Computer Architecture 55 Wireless Networks 32
Non-Orthogonal Multiple Access (NOMA) 55 Interference 30
Energy Efficiency (EE) 51 Ultra—Reliable Low—Latency Communication (URLLC) 29
Open Radio Access Network (O—RAN) 50 Terahertz (THz) 27
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