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Automation of the RAN (Radio Access Network) — the most expensive, technically
complex and power-intensive part of cellular infrastructure — is a key aspect of mobile
operators' digital transformation strategies aimed at reducing their TCO (Total Cost of
Ownership), improving network quality and achieving revenue generation targets. In
conjunction with Al (Artificial Intelligence) and ML (Machine Learning), RAN automation
has the potential to significantly transform mobile network economics by reducing the
OpEx (Operating Expenditure)-to-revenue ratio, minimizing energy consumption,
lowering CO2 (Carbon Dioxide) emissions, deferring avoidable CapEx (Captial
Expenditure), optimizing performance, improving user experience and enabling new
services.

The RAN automation market traces its origins to the beginning of the LTE era when
SON (Self-Organizing Network) technology was introduced to reduce cellular network
complexity through self-configuration, self-optimization and self-healing. While
embedded D-SON (Distributed SON) capabilities such as ANR (Automatic Neighbor
Relations) have become a standard feature in RAN products, C-SON (Centralized SON)
solutions that abstract control from edge nodes for network-wide actions have been
adopted by less than a third of world's approximately 800 national mobile operators due
to constraints associated with multi-vendor interoperability, scalability and latency.
These shortcomings, together with the cellular industry's shift towards open interfaces,
common information models, virtualization and software-driven networking, are driving a
transition from the traditional D-SON and C-SON approach to Open RAN automation
with standards-based components — specifically the Near-RT (Real-Time) and Non-RT
RICs (RAN Intelligent Controllers), SMO (Service Management & Orchestration)
framework, xApps (Extended Applications) and rApps (RAN Applications) — that enable
greater levels of RAN programmability and automation.
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Along with the ongoing SON to RIC transition, RAN automation use cases have
also evolved over the last decade. For example, relatively basic MLB (Mobility Load
Balancing) capabilities have metamorphosed into more sophisticated policy-guided
traffic steering applications that utilize Al/ML-driven optimization algorithms to efficiently
adapt to peaks and troughs in network load and service usage by dynamically
managing and redistributing traffic across radio resources and frequency layers.

Due to the much higher density of radios and cell sites in the 5G era, energy efficiency
has emerged as one of the most prioritized use cases of RAN automation as forward-
thinking mobile operators push ahead with sustainability initiatives to reduce energy
consumption, carbon emissions and operating costs without degrading network quality.
Some of the other use cases that have garnered considerable interest from the operator
community include network slicing enablement, application-aware optimization and
anomaly detection.

While the benefits of SON-based RAN automation in live networks are well-known,
expectations are even higher with the RIC, SMO and x/rApps approach. For example,
Japanese brownfield operator NTT DoCoMo expects to lower its TCO by up to 30% and
decrease power consumption at base stations by as much as 50% using Open RAN
automation. It is worth highlighting that domestic rival Rakuten Mobile has already
achieved approximately 17% energy savings per cell in its live network using RIC-
hosted RAN automation applications. Following successful lab trials, the greenfield
operator aims to increase savings to 25% with more sophisticated Al/ML models.
Although Open RAN automation efforts seemingly lost momentum beyond the field trial
phase for the past couple of years, several commercial engagements have emerged
since then, with much of the initial focus on the SMO, Non-RT RIC and rApps for
automated management and optimization across Open RAN, purpose-built and hybrid
RAN environments. Within the framework of its five-year $14 Billion Open RAN
infrastructure contract with Ericsson, AT&T is adopting the Swedish telecommunications
giant's SMO and Non-RT RIC solution to replace two legacy C-SON systems. In
neighboring Canada, Telus has also initiated the implementation of an SMO and RIC
platform along with its multi-vendor Open RAN deployment to transform up to 50% of its
RAN footprint and swap out Huawei equipment from its 4G/5G network.

Similar efforts are also underway in other regions. For example, in Europe, Swisscom is
deploying an SMO and Non-RT RIC platform to provide multi-technology network
management and automation capabilities as part of a wider effort to future-proof its
brownfield mobile network, while Deutsche Telekom is progressing with plans to
develop its own vendor-independent SMO framework. Open RAN automation is also
expected to be introduced as part of Vodafone Group's global tender for refreshing
170,000 cell sites.

Deployments of newer generations of proprietary SON-based RAN automation solutions
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have not stalled either. In its pursuit of achieving L4 (Highly Autonomous Network)
operations, China Mobile has recently initiated the implementation of a hierarchical RAN
automation platform and an associated digital twin system, starting with China's Henan
province. Among other interesting examples, SoftBank is implementing a closed loop
automation solution for cluster-wide RAN optimization in stadiums, event venues, and
other strategic locations across Japan, which supports data collection and parameter
tuning in 1-5 minute intervals as opposed to the 15-minute control cycle of traditional C-
SON systems. It should be noted that the Japanese operator eventually plans to adopt
RIC-hosted centralized RAN optimization applications in the future.

In addition, with the support of several mobile operators, including SoftBank, Vodafone,
Bell Canada and Viettel, the idea of hosting third party applications for real-time
intelligent control and optimization — also referred to as dApps (Distributed Applications)
— directly within RAN baseband platforms is beginning to gain traction. As a
counterbalance to this approach, Ericsson, Nokia, Huawei and other established RAN
vendors are making considerable progress with a stepwise approach towards
embedding Al and ML functionalities deeper into their DU (Distributed Unit) and CU
(Centralized Unit) products in line with the 3GPP's long-term vision of an Al/ML-based
air interface in the 6G era.

SNS Telecom & IT estimates that global spending on RIC, SMO and x/rApps will grow
at a CAGR of more than 125% between 2024 and 2027 alongside the second wave of
Open RAN infrastructure rollouts by brownfield operators. The Open RAN automation
market will eventually account for nearly $700 Million in annual investments by the end
of 2027 as standardization gaps and technical challenges in terms of the SMO-to-Non-
RT RIC interface, application portability across RIC platforms and conflict mitigation
between x/rApps are ironed out. The wider RAN automation software and services
market — which includes Open RAN automation, RAN vendor SON solutions, third party
C-SON platforms, baseband-integrated intelligent RAN applications, RAN planning and
optimization software, and test/measurement solutions — is expected to grow at a CAGR
of approximately 8% during the same period.

The “RAN Automation, SON, RIC, xApps & rApps in the 5G Era: 2024 — 2030 —
Opportunities, Challenges, Strategies & Forecasts” report presents an in-depth
assessment of the RAN automation market, including the value chain, market drivers,
barriers to uptake, enabling technologies, functional areas, use cases, key trends, future
roadmap, standardization, case studies, ecosystem player profiles and strategies. The
report also provides global and regional market size forecasts for RAN and end-to-end
mobile network automation from 2024 to 2030. The forecasts cover three network
domains, nine functional areas, three access technologies and five regional markets.
The report comes with an associated Excel datasheet suite covering quantitative data
from all numeric forecasts presented in the report.
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2.2 Levels of Automation in Intelligent RAN Implementations
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2.2.5 L4 — Highly Autonomous Network
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3.2.1 Architectural Elements
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3.2.1.2 Non-RT RIC
3.2.1.3 SMO Framework
3.2.1.4 xApps (Extended Applications)
3.2.1.5 rApps (RAN Applications)
3.2.2 Open Interfaces
3.2.2.1 Al Interface Between Non-RT RIC & Near-RT RIC
3.2.2.2 E2 Interface Between Near RT-RIC & RAN Nodes
3.2.2.3 O1 Interface for OAM (Operations, Administration & Maintenance)
3.2.2.4 02 Interface for Cloud Infrastructure Management
3.2.2.5 R1 Interface for rApp Portability Across RIC Platforms
3.2.2.6 xApp APIs (Application Programming Interfaces)
3.2.2.7 Potential Decoupling of the SMO & Non-RT RIC
3.2.2.8 Open Fronthaul M-Plane Interface
3.2.2.9 Y1 Interface for RAN Analytics Exposure
3.3 Al-Native RAN Infrastructure
3.3.1 Al/ML-Based Air Interface for 6G Networks
3.3.2 Microsecond-Level Intelligent RAN Control & Optimization
3.3.3 Synergies With the dApps (Distributed Applications) Concept
3.3.4 AI-RAN Workload Sharing & RAN as a Platform for Edge Al Services
3.4 RAN Planning & Optimization
3.4.1 RAN Planning & Optimization Software Platforms
3.4.2 Specialized Products for In-Building Wireless Network Design
3.4.3 Other Categories of RAN Operations Support & Optimization Tools
3.5 Test & Measurement Solutions
3.5.1 Testing of RIC Platforms & Other RAN Automation Products
3.5.2 Automation & Al/ML Features in Test & Measurement Solutions
3.6 Automation & Intelligence Beyond the RAN
3.6.1 Mobile Core Networks
3.6.2 xHaul (Fronthaul, Midhaul & Backhaul) Transport
3.6.3 Device-Driven Intelligence & Optimization
3.7 Network Automation Use Cases
3.7.1 Neighbor Relations, PCI & RACH Optimization
3.7.1.1 ANR (Automatic Neighbor Relations)
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3.7.1.3 PCI (Physical Cell ID) Conflict Detection & Resolution
3.7.1.4 RACH (Random Access Channel)/RSI (Root Sequence Index) Optimization
3.7.2 Mobility & Handover Management
3.7.2.1 MRO/bMRO (Cell & Beam-Based Mobility Robustness Optimization)
3.7.2.2 QoS-Based Adaptive & Intelligent Handover Optimization
3.7.2.3 CHO (Conditional Handover) Management
3.7.2.4 DAPS (Dual Active Protocol Stack) Handover Management
3.7.2.5 Handover Management for V2X, UAV & Railway Communications
3.7.3 RAN Resource Optimization
3.7.3.1 CCO (Coverage & Capacity Optimization)
3.7.3.2 Al/ML-Assisted Dynamic Cell Shaping
3.7.3.3 MLB (Mobility Load Balancing)/LBO (Load Balancing Optimization)
3.7.3.4 Advanced Traffic Steering for Efficient Load Distribution
3.7.3.5 QoS & QoE-Based Dynamic Resource Allocation
3.7.3.6 Policy-Guided QoS/QoE Nudging
3.7.3.7 Application-Aware RAN Optimization
3.7.3.8 Special Event Management
3.7.3.9 Intelligent Control in RAN Sharing Arrangements
3.7.3.10 Dynamic Reallocation of Idle RAN Compute Resources
3.7.4 Energy Efficiency & Sustainability
3.7.4.1 Energy Savings in the RAN
3.7.4.2 Dynamic Transmit Power Adaptation
3.7.4.3 Carrier & Cell On/Off Switching
3.7.4.4 RF Channel Reconfiguration: Massive MIMO Muting
3.7.4.5 Advanced Sleep Mode Control in RUs (Radio Units)
3.7.4.6 DU/CU (Distributed & Centralized Unit) Pooling & Power Management
3.7.4.7 Carbon Footprint Awareness & Emission Control
3.7.4.8 RAN-Driven Optimization of UE Energy Consumption
3.7.5 Spectrum Management & Multi-RAT Connectivity
3.7.5.1 Frequency Layer Management
3.7.5.2 Sector Carrier Orchestration
3.7.5.3 CA (Carrier Aggregation) Optimization
3.7.5.4 MCIM/ICIM (Multi/Inter-Cell Interference Management)
3.7.5.5 Atmospheric Ducting Interference Mitigation
3.7.5.6 Shared & Unlicensed Spectrum Coordination
3.7.5.7 DSS (Dynamic Spectrum Sharing)
3.7.5.8 4G-5G DC (Dual Connectivity) Control
3.7.5.9 JCAS (Joint Communication & Sensing)
3.7.6 Network Healing & Protection
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3.7.6.1 AD (Anomaly Detection) & Remediation
3.7.6.2 COD/COC (Cell Outage Detection & Compensation)
3.7.6.3 SCDR (Sleeping Cell Detection & Recovery)
3.7.6.4 RET (Remote Electrical Tilt) Adjustment in Disaster Scenarios
3.7.6.5 CPM (Congestion Prediction & Management)
3.7.6.6 RF Jamming Detection
3.7.6.7 Signaling Storm Protection
3.7.6.8 Closed Loop RAN Security
3.7.7 Massive MIMO, Beamforming & Lower-Layer Optimization
3.7.7.1 GoB (Grid-of-Beams) Beamforming Optimization
3.7.7.2 Non-GoB (Reciprocity-Based) Beamforming Optimization
3.7.7.3 Al/ML-Assisted Beam Selection & Management
3.7.7.4 Initial Access Optimization in Massive MIMO Systems
3.7.7.5 MU (Multi-User)-MIMO Pairing Enhancement
3.7.7.6 Massive MIMO Grouping Optimization
3.7.7.7 Channel Estimation, Interpolation & Equalization
3.7.7.8 Link Adaptation & Other L1 (PHY)/MAC Algorithms
3.7.8 Network Slicing, Private 5G, NTN & Vertical Applications
3.7.8.1 RAN Slice Resource Allocation Optimization
3.7.8.2 RAN Slice SLA (Service Level Agreement) Assurance
3.7.8.3 Multi-Vendor Slice Management
3.7.8.4 Private 5G & Neutral Host Network Automation
3.7.8.5 lloT (Industrial 10T) & Enterprise RAN Customization
3.7.8.6 NTN (Non-Terrestrial Network) Resource Orchestration
3.7.9 Network Planning & Evolution
3.7.9.1 RF Design
3.7.9.2 Site Selection
3.7.9.3 Capacity Planning
3.7.9.4 Canary Release
3.7.9.5 Network Digital Twin
3.7.9.6 Legacy Network Shutdown
3.7.10 Automation & Al Enablement
3.7.10.1 Conflict Management & Governance
3.7.10.2 RAN Geolocation Intelligence
3.7.10.3 UE Positioning & Trajectory Prediction
3.7.10.4 KPI (Key Performance Indicator) Monitoring
3.7.10.5 MDT (Minimization of Drive Tests) & RAN Data Collection
3.7.10.6 Integration of Datasets External to the RAN
3.7.10.7 Al/ML-Enabled Network Insights & Diagnostics
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3.7.10.8 Traffic Forecasting & Qo0S/QoE Prediction
3.7.11 Multi-Domain, Core & Transport-Related Use Cases

3.7.11.1 Automated Configuration & Testing

3.7.11.2 Dynamic Autoscaling of Network Resources

3.7.11.3 Service Assurance, Fault Management & Cybersecurity

3.7.11.4 AI/ML-Driven Intelligence for End-to-End Network Slicing

3.7.11.5 Core Network Automation & Intelligent Orchestration

3.7.11.6 NWDAF (Network Data Analytics Function) for Core Network Analytics

3.7.11.7 MDAF (Management Data Analytics Function) for Management Plane
Analytics

3.7.11.8 SDN (Software-Defined Networking)-Based xHaul Transport Automation

3.7.11.9 Interference Management in Microwave & mmWave (Millimeter Wave)
Transport Links

3.7.11.10 Interworking Between RAN SMO, NWDAF, MDAF & Transport Domain
SDN Controllers

4 CHAPTER 4: KEY TRENDS IN INTELLIGENT RAN IMPLEMENTATIONS
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4.2.3 Intent-Driven Network & Service Management
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4.4.3 VAEs (Variational Autoencoders)
4.4.4 Transformer Architecture
4.4.5 LLMs (Large Language Models)
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4.7.1 Cloud-Native Technologies
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4.7.5 DevOps & CI/CD (Continuous Integration & Delivery)
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4.8.6 Shared & Unlicensed Spectrum
4.8.7 Network Slicing Enablement
4.8.8 AI-RAN & Edge Computing
4.8.9 Application Awareness
4.8.10 Dynamic Security
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5.1.6 Releases 19, 20, 21 & Beyond: Succession From 5G Advanced to Al-Native 6G
Networks
5.2 AI-RAN Alliance
5.2.1 Al for RAN
5.2.2 Al & RAN
5.2.3 Al on RAN
5.3 ETSI (European Telecommunications Standards Institute)
5.3.1 OCG Al (Operational Co-ordination Group on Al)
5.3.2 Specific ISGs (Industry Specification Groups) & TCs (Technical Committees)
5.3.2.1 ENI (Experiential Networked Intelligence) ISG
5.3.2.2 ZSM (Zero-Touch Network & Service Management) ISG
5.3.2.3 TC INT (TC on Core Network & Interoperability Testing)
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5.3.2.5 Other ISGs & TCs
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5.4.1 Efforts Related to Al & Network Automation
5.5 GTAA (Global Telco Al Alliance)
5.5.1 Accelerating Telco Al Transformation
5.5.2 Multi-Lingual LLM for Telco Operations
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5.6.1 Standardization for Automated Network Management
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5.8 Linux Foundation
5.8.1 ONAP (Open Network Automation Platform)
5.8.2 Other Al & Network Automation-Related Projects
5.9 NGMN Alliance
5.9.1 SON Definition & Recommendations
5.9.2 Network Automation & Autonomy Based on Al
5.9.3 Green Future Networks for Energy Efficiency & Sustainability
5.10 ONF (Open Networking Foundation)
5.10.1 SMaRT-5G (Sustainable Mobile & RAN Transformation 5G)
5.10.2 SD-RAN (Software-Defined RAN): Near-RT RIC & Exemplar xApps
5.10.3 RRAIL (RAN RIC & Applications Interoperability Lab)

RAN Automation, SON, RIC, xApps & rApps in the 5G Era: 2024 - 2030 — Opportunities, Challenges, Strategies & F...


https://marketpublishers.com/report/wireless_technology/3g-4g/ran-automation-son-ric-xapps-rapps-in-5g-era-2024-2030-v-opportunities-challenges-strategies-forecasts.html

. +44 20 8123 2220
Market Publishers info@marketpublishers.com

5.11 O-RAN Alliance
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