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Introduction 
Networks are evolving every day and becoming more intertwined with society. Social media with video sharing 
has become popular as a means of communication, with online games and avatar experiences playing over 
networks and various viewing channels. As lifestyles change, remote work and online meetings at home have 
become commonplace. In the industrial field, networks are used in sensing and remote control in multiple 
workplaces, including factories, agriculture, and transportation. 

5G features high capacity (10 G), low latency (1 ms), and massive terminals (1 million units/km2), with a variety of 
applications. To create a digital society that continues to evolve, including holograms and augmented reality, 
conversations around 6G are emerging. 6G expands 5G functions, with environmental considerations that seek 
to reduce power consumption.  

Base stations and other network equipment directly provide radio access network services. These network 
devices will evolve, such as millimeter-wave support providing broadband and higher-performance hardware 
platforms. However, as network requirements diversify and usage changes significantly, it is necessary for the 
entire network ecosystem to respond flexibly to these requirements while considering the environment. The 
network may be suddenly and locally overwhelmed in a disaster or emergency. We believe that the role of 
artificial intelligence (AI), which can make appropriate decisions on events that are difficult to handle manually, 
will be necessary to effectively respond to diversifying applications and unexpected events. 

The expansion of AI technologies outside of the communication networking world is remarkable. AI is advancing 
various fields by centralizing and using accumulated big data. In addition to improving the efficiency of human 
interactions in areas such as translation, call centers, as well as diagnostic support at hospitals, AI can also enrich 
our lives and industries by suggesting events and relationships that people have not noticed. 

As networks become more open, virtualized and small-cell, resources are more flexible just like in the cloud. In 
addition, a network architecture that classifies data in “units," called slices, grows in importance. It enables 
optimal resource allocation for each application. In Radio Access Networks (RAN), AI-powered controllers called 
RAN Intelligent Controller (RIC) is defined architecturally. 

This white paper discusses the evolution of RAN, which are starting to be ready to utilize AI effectively. It 
introduces advanced use cases and technologies that combine RAN with AI.  
AI, which has become a major force in society, will bring significant innovation to networks in the future.  

Figure 1 shows the scope of this white paper.  
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Direction of Network Technology 
Network Technology Trends 

In the past, network products like base stations, switches, and routers were hardware products. Now,  
virtualization makes it possible to decompose the various elements that make up the network, enabling flexible 
network setups, such as changing on a per-element basis or combining elements from multiple vendors. 
Intelligent orchestration that properly combines the disassembled components is vital to realize a network that 
can operate safely with low power consumption. 

RAN that connect smartphones, cars, industrial machinery, VR devices, and other objects is critical. Their 
orchestration and operational sophistication will be significant points of network control. 

Figure 2 shows current network technology trends.  

 

 

Figure 2 Current Network Technology Trends 
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Figure 3 RAN Standardization 
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in Figure 4. 
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The Non-RT RIC uses an application called rApp, and the Near-RT RIC uses an application called xApp to analyze 
information and create and execute control policies. rApp and xApp are architected independently of the RIC 
framework. 

The A1, the E2, and the O1 are open interfaces that allow for flexible component-by-component changes and 
interconnection between components, making it easy to configure multi-vendor systems that combine elements 
from different vendors. 

O-RAN Software, which implements the above architecture and specifications defined by the O-RAN Alliance 
was released in November 2019 and continues to be released while expanding its functions. 

Network Technology Outlook 

Wireless access technology, including base station equipment, will continue performance improvements and 
multi-vendor integration. Performance improvements include communication speed and delay for 5G and 
beyond using high-frequency communication technology and edge compute. Integrations include virtualized 
network functions in software base stations and support for open interfaces standardized by the O-RAN Alliance.  

In addition, new network operation technologies will monitor and control the RAN, providing network slicing, 
optimal resource management, and energy efficiency. Intelligent orchestration will provide flexible control to 
the entire RAN.  

Figure 5 shows the future direction of technologies related to the RAN domain. 

 

Figure 5 Network Technology Outlook 
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High-Performance RAN Utilization  
RAN Operational Challenges 

Network complexity due to service diversification and increased power consumption are significant challenges.  

Network Complexity due to Service Diversification 
Network connections and quality fluctuates from moment to moment due to short-term changes in the flow of 
people and traffic. These changes can be due to discrete events or new building construction in the 
communication environment. There is a strong demand for prompt restoration in a sudden disaster, breakdown, 
or failure. Thus, immediate reconstruction of networks in response to environmental changes is required.  

A significant challenge is how to quickly combine elements with complex relationships that support diversified 
service delivery. Optimal combinations of various components, service types, devices, and traffic volume are 
required to meet user expectations and partner Service Level Agreement (SLA). 

Increased Network Power Consumption 
Expectations for companies to achieve global targets in the Paris Agreement and the Sustainable Development 
Goals (SDGs) are growing. Various industries are stepping up efforts to reduce greenhouse gas emissions and 
promote renewable energy, and that include mobile network operators. 

If we look at the global network power consumption forecast1, we can observe increases to 490 TWh in 2018 
and 2,400 TWh in 2030. The breakdown shows that RAN power consumption is projected to increase 
exponentially (RAN power consumption: 76% in 2018, 88% in 2030). 

An enormous number of base stations and RAN equipment are needed to support projected increases in traffic 
volume, along with more sophisticated services. To holistically reduce the power consumption of the RAN, on 
top of the lowing power consumption of the base station equipment itself, upgrading the RAN operation that 
manages and operates the base stations is a significant challenge.  

 

Fujitsu’s RAN Operational Management 

Fujitsu will solve the abovementioned challenges with "proactive automatic RAN optimization," which controls 
network equipment functions in real-time based on current and predicted network quality. Proactive automatic 
RAN optimization enables timely responses to network quality degradation. Proactive responses to service-
affecting quality degradation will allow users to comfortably use various advanced services that leverage high-
quality 5G networks.  

The Fujitsu Approach 
Fujitsu will achieve proactive automatic RAN optimization in the two steps shown in Figure 6.  

We will deliver predictive and automatic operational management with advanced AI technologies in the first 
step. Specifically, it automatically predicts degradation of network quality of service (QoS), such as throughput 
and delay, which is difficult for humans to detect. Proactive automatic RAN optimization will also perform root 
cause analysis and take actions to recover the degradation. 

We will introduce the quality of experience (QoE) in the second step, which means actual user experience. 
Conventional QoS based operational management systems cannot detect QoE degradation. By responding to 
QoE degradation with resource allocation from idle network functions, Fujitsu RAN operational management 
system can help maintain the QoE to deliver services that meet user expectations.  

 

Figure 6 The Fujitsu Approach 

 

1 Japan Science and Technology Agency, Center for Low Carbon Society Strategy “The impact of the progress of the information society on energy consumption (Vol. 3) ” (February 
2021) https://www.jst.go.jp/lcs/en/proposals/fy2020-pp-04.html 
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Value Provided 
With conventional RAN control, operators measure network quality, adjust parameters, and respond to failures 
based on traffic volume and packet loss statistics at the time of periodic inspections or after a failure occurs. As 
a result, QoE is degraded and recovery from failures becomes slow.  

In contrast, proactive automatic operation by AI (Step 1) automatically detects QoS degradation by forecasting 
the QoS score in real-time and adjusting network resources accordingly (1-a). AI releases over-used network 
resources compared to the required QoS (1-b). This approach lowers power consumption by reducing excess 
resources while preventing QoS degradation. 

In Step 2, AI resource optimization tools apply an evaluation index to QoE. To understand actual resource 
requirements for maintaining QoE, AI predicts resource fluctuations and QoE scores. If the network has more 
resources than is required to maintain QoE, AI can reduce excess resource allocations. This reduces power 
consumption while preventing QoE degradation. 

Figure 7 shows balancing low power consumption with network quality and QoE.  



Advanced Management of Radio Access Networks using AI 

Fujitsu Public 8 of 14 © 2022 FUJITSU 

 

Figure 7 Balancing Low Power Consumption with Network Quality and QoE 
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RAN Operational Management Architecture 
The architecture to achieve proactive automatic RAN optimization is shown in Figure 8. It has four components 
as follows:  

• QoS Monitoring and Prediction 
• Real-Time QoE Monitoring 
• Dynamic RAN Optimization 
• Packet Analysis for QoE Monitoring 
 

 

Figure 8 RAN Operational Management Architecture 
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Fujitsu's Advanced AI Technologies for RAN Operational Management 

Proactive automatic RAN optimization requires accurate quality predictions and appropriate operating control 
of the O-DU and O-CU parameters to meet quality, performance requirements and constraints. Various AI-driven 
prediction and control technologies exist, but they cannot answer important questions for mission-critical 
systems, such as,  

• "How reliable are the predictions?" 
• "Why did the AI make such predictions?" 
• "Is it OK to control them?" 

Fujitsu is developing advanced AI technologies, including "reliable AI" and "explainable AI," so that persons can 
confidently use those AI technologies in various situations. In the following, we describe Fujitsu's advanced AI 
technologies under research that enable proactive automatic RAN optimization.  

Time Series Prediction Technology that Considers Crucial Periods of Time and Prediction 
Uncertainty 
Communication traffic provides the basis for resource allocation in the RAN. Predicting communication traffic 
requires that predicted values are as close as possible to actual demand without falling below, while predicting 
reliable values at crucial times, such as sudden changes or peaks. 

This technology automatically determines crucial periods of time for improving performance of a target system 
by analyzing a function which mathematically defines required performance that optimization or control should 
achieve. Then it constructs a prediction model focusing on the accuracy during the periods. In addition, the 
uncertainty (variation) of the predicted values based on the predetermined reliability is calculated, and a time 
series prediction model is constructed by setting an appropriate margin based on the variation of the individual 
predicted values for the predicted values at each time (see Figure 9). 

This calculation makes it possible to predict communications traffic that fluctuates over time with reliability and 
safety. Applying this technology to the "QoS Monitor and Prediction" component enables to predict QoS 
variations accurately and proactively allocate resources to network systems. 

 

 

Figure 9 Time Series Prediction that Considers Crucial Periods of Time and Prediction Uncertainty 
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input data items. It statistically verifies the hypotheses and discovers critical ones. Then it automatically makes 
intelligent decisions such as prediction and classification, and shows the premises used for the decision (see 
Figure 10).  

22Low Reliabilit y
→ Large Margin

High Reliabilit y
→ Small Margin

Det ermine Aut omat ically Crucial 
Periods of  Time and Const ruct
a Predict ion Model focusing on 
t he Accuracy during t he Periods

Demand Value

Predict ed Value

Time Predict  Values including Margins 
based on t he Reliabilit y



Advanced Management of Radio Access Networks using AI 

Fujitsu Public 11 of 14 © 2022 FUJITSU 

This approach enables operators to derive important hypotheses in estimating QoE affected by various network 
metrics and build a highly explainable inference model. In addition, if different combinations of input data items 
change the estimation of QoE, the model would recommend actions to address the differences in input data 
that make up the hypotheses. Therefore, applying this technology to the "Realtime QoE Monitor" rApp and 
"Packet Analysis for QoE Monitor" component makes it possible to achieve highly explainable QoE estimation 
from the packet data and identify necessary actions in the event of a change in QoE.  

 

Figure 10 Wide LearningTM 
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time. Therefore, single-agent reinforcement learning cannot apply to mobile networks where data is collected 
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meet the constraints of the corresponding area. In addition, each agent interacts with other agents to exchange 
information and optimize the entire area (see Figure 11 right). In this way, each AI agent only needs to process 
the data in the divided area and the data exchanged with other agents, so even if the area to be optimized is 
expanded and the amount of data is increased, the process would be scalable by dividing the area appropriately. 

By applying this technology to the "Dynamic RAN Optimize" component, even in large-scale mobile networks, 
it is possible to achieve complex real-time optimization. That can include suppressing the total power 
consumption of the entire area below a specified value while controlling QoS parameters like throughput and 
communication delay in each divided area.  

 

Figure 11 Multi-Agent Reinforcement Learning 
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Conclusion 
This white paper introduced the approaches and key technologies for using AI in RAN. Looking ahead to 2030, 
networks will cover a variety of functions and services while also considering the environment. AI is an essential 
technology to dynamically control networks being increasingly sophisticated. Going forward, Fujitsu will expand 
the scope of AI from RAN to the entire end-to-end network and will work to develop advanced network and AI 
technologies while also considering overall network operation. 
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Acronyms 
3GPP 3rd Generation Partnership Project 

5G 5th Generation 

6G 6th Generation 

AI Artificial Intelligence 

CPU Central Processing Unit 

E2E end-to-end 

eMBB enhanced Mobile Broadband 

FR2-2 Frequency Range 2-2 

ICT Information and Communication Technology 

IIoT Industrial Internet of Things 

IoT Internet of Things 

MBS Multicast and Broadcast Services 

MEC Multi-access Edge Computing 

ML Machine Learning 

mMTC massive Machine Type Communications 

Near-RT RIC Near-Real Time RIC 

Non-RT RIC Non-Real Time RIC 

NTN Non-Terrestrial Network 

NW Network 

NWDAF Network Data Analytics Function 

O-CU O-RAN Central Unit 

O-DU O-RAN Distributed Unit 

O-RAN Open Radio Access Network 

O-RU O-RAN Radio Unit 

QoE Quality of Experience 

QoS Quality of Service 

RAN Radio Access Network 

rAPP Non-Real Time RIC Application 

RIC RAN Intelligent Controller 

SDGs Sustainable Development Goals 

SLA Service Level Agreement 

SMO Service Management and Orchestration 

TS Traffic Steering 

URLLC Ultra-Reliable and Low Latency Communication 

V2X Vehicle to X (Vehicle-to-everything) 

vCU virtual Central Unit 

vDU virtual Distributed Unit 

VR Virtual Reality 

WDM Wavelength Division Multiplexing 

xAPP Near-Real Time RIC Application 
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