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Logical Architecture of O-RAN

5출처: O-RAN.WG1.OAD-R003-v12.00, “O-RAN Architecture Description”  

CUS: Control User Synchronization



Non-RT RIC
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• Internal to the SMO

• Access other SMO framework functionalities

• A1 interface to the Near-Real Time RIC

▪ Policy-based guidance

▪ Enrichment Information(EI)

▪ AI/ML model management

• Intelligent radio resource management function

▪ Latency > 1sec.

• Data analytics and AI/ML training/ inference

▪ RAN optimization

• Support  the execution of third-party applications



Near-RT RIC
• Near real-time control and 

optimization of E2 Nodes functions 
and resources

▪ xApps use E2 interface

✓ collect near real-time information (e.g., on 
a UE basis or a Cell basis)

✓ provide value added services

• Latency: 10ms ~ 1sec.

• Fine-grained data collection and 
actions (E2)

• Policies and the enrichment data (A1)

• RAN analytics information (Y1)
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E2  Interface

• E2 Service Models

▪ E2SM-KPM (Key Performance Measurement)

✓ Performance metrics from 4G LTE and 5G NR 

Network Functions, using the E2 report service

▪ E2SM-NI (Network Interface)

✓ Take the messages received by the E2 node on 

specific network interfaces (e.g. Xn, X2, F1, NG…)

▪ E2SM-RC (RAN  Control)

✓ Radio bearer, radio resource allocation,  

connected mode mobility, radio  access control, 

DC, CA and idle mobility control of an E2 node

▪ E2SM-CCC (Cell Configuration and Control)

✓ Node level and cell level configuration
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Closed-control loops
Control & learning 

objective
Scale Input data Timescale Architecture

Policies, models, slicing
> 1000 
devices

Infrastructure-level 
KPIs

Non-real-time:
>1s

User Session Management
e.g., load balancing, 
handover

> 100 
devices

CU-level KPIs
e.g., number of 
sessions, PDCP traffic

Near-real-time:
10-1000 ms

Medium Access 
Management e.g., scheduling 
policy, RAN slicing

> 100 
devices

MAC-level KPIs
e.g., PRB utilization, 
buffering

Near-real-time:
10-1000 ms

Radio Management
e.g., resource scheduling, 
beamforming

~10 
devices

MAC/PHY-level KPIs
e.g., PRB utilization, 
channel estimation

Real-time:
< 10 ms

Device DL/UL Management
e.g., modulation, interference, 
blockage detection

1 
device

I/Q samples
Real-time:
< 1 ms
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SMO / Non-RT RIC

Near-
RT RIC
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출처: L. Bonati et al., “Intelligence and Learning in O-RAN for Data-driven NextG Cellular Networks,” IEEE Communications Magazine



dAPP in O-RAN nGRG

• Contributors

▪ Northeastern University, NVIDIA, Mavenir, 
MITRE, Qualcomm

• Usage

▪ Physical layer security (I/Q samples:  
jamming detection, spoofing detection, …)

▪ Spectrum sensing (interference management, 
automated Bandwidth Parts,…)

▪ Real-time scheduling

▪ Energy Savings

▪ AI/ML-Based CSI Feedback, Channel 
Estimation, and Coding

▪ Remote Interference Detection and 
Mitigation

▪ Uplink Throughput Optimization

▪ Beam Management and Optimization in the 
O-DU

10출처: “dApps for Real-Time RAN Control: Use Cases and Requirements” in O-RAN nGRG, 2024.10.



Enabling Real-Time AI-Based Open RAN Control
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• dApps: Enabling Real-Time AI-Based Open RAN Control

출처: A. Lacava, L. Bonati, N. Mohamadi, R. Gangula, F. Kaltenberger, P. Johari, S. D’Oro, F. Cuomo, M. Polese, and T. Melodia, 
"dApps: Enabling Real-Time AI-Based Open RAN Control," Computer Networks, pp. 1-31, February 2025. 

Use case: 
• Direct Processing of Waveforms and PDUs
• Real-Time Scheduling and Beam Management
• RAN Nodes and Fronthaul Configuration
• Augmented Sensing and Channel Estimation
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Carrier and Cell Switch Off/On

RF Channel Reconfiguration Off/On

Advanced Sleep Mode Selection

O-Cloud Resource Energy Saving Mode 

그림출처: 3GPP TS 32.551, Energy Saving Technologies and Best Practices for 5G RAN, IEEE Access




















