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Course Introduction

I ntroduction

This intensive training course provides a deep dive into the fundamental principles and advanced
techniques of Multiple-Input Multiple-Output (MIMO) and Massive MIMO Systems. Participants will gain a
comprehensive understanding of how employing multiple antennas at both the transmitter and receiver can
significantly enhance spectral efficiency, data rates, and link reliability in wireless communication systems.
Training Course on MIMO and Massive MIMO Systems covers essential concepts such as spatial
multiplexing, diversity techniques, precoding, beamforming, and channel estimation, equipping engineers
and researchers with the specialized skills to design, analyze, and optimize state-of-the-art wireless
communication systems for current and future generations.

In the era of 5G/6G wireless networks, where the demand for ultra-high bandwidth, low latency,
and ubiquitous connectivity is unprecedented, Massive MIMO stands as a cornerstone technology.
This course delves into trending topics such as large-scale antenna arrays, hybrid beamforming for
millimeter-wave (mmWave), cell-free Massive MIMO, user-centric Massive MIMO, Al/Machine
Learning (ML) for MIMO optimization, and the challenges and opportunities of integrated sensing
and communication (ISAC) with MIMO. Through rigorous theoretical analysis, practical simulations
using industry-standard tools like MATLAB/Python, and real-world case studies, attendees will
develop the advanced expertise necessary to innovate and lead in the development of next-
generation wireless communication technologies.

Programme Curriculum

Training Courseon MIMO and Massive MIMO Systems

I ntroduction

This intensive training course provides a deep dive into the fundamental principles and advanced techniques of
Multiple-Input Multiple-Output (MIMO) and Massive MIMO Systems. Participants will gain a comprehensive



understanding of how employing multiple antennas at both the transmitter and receiver can significantly
enhance spectral efficiency, data rates, and link reliability in wireless communication systems. Training Course
on MIMO and Massive MIMO Systems covers essential concepts such as spatial multiplexing, diversity
techniques, precoding, beamforming, and channel estimation, equipping engineers and researchers with the
specialized skills to design, analyze, and optimize state-of-the-art wireless communication systems for current
and future generations.

In the era of 5G/6G wireless networks, where the demand for ultra-high bandwidth, low latency, and ubiquitous
connectivity is unprecedented, Massive MIMO stands as a cornerstone technology. This course delves into
trending topics such as large-scale antenna arrays, hybrid beamforming for millimeter-wave (mmWave), cell-
free Massive MIMO, user-centric Massive MIMO, Al/Machine Learning (ML) for MIMO optimization, and the
challenges and opportunities of integrated sensing and communication (ISAC) with MIMO. Through rigorous
theoretical analysis, practical simulations using industry-standard tools like MATLAB/Python, and real-world
case studies, attendees will develop the advanced expertise necessary to innovate and lead in the development
of next-generation wireless communication technologies.

Course duration

10 Days
Course Objectives
1. Understand the fundamental principles and benefits of MIMO technology in wireless
communications.
2. Master the concepts of spatial diversity and spatial multiplexing for performance
enhancement.
3. Design and analyze various precoding and beamforming techniques for multi-antenna
systems.
4. Implement effective channel estimation algorithms for MIMO channels.
Comprehend the architecture and benefits of Massive MIMO systems for enhanced spectral
efficiency.
Analyze the challenges and solutions for Massive MIMO deployment in practical scenarios.
Understand hybrid beamforming for millimeter-wave (mmwWave) MIMO systems.
Explore cell-free Massive MIMO and its potential for ubiquitous coverage.
Apply Al/Machine Learning techniques for MIMO channel estimation and resource
allocation.
10. Evaluate the performance of MIMO and Massive MIMO systems using key metrics.
11. Understand the role of MIMO in 5G/6G New Radio (NR) and beyond.
12. Discuss emerging trends such as Integrated Sensing and Communication (ISAC) with MIMO.
13. Contribute to the design and optimization of next-generation wireless communication systems
leveraging MIMO.
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Organizational Benefits
1. Enhanced Wireless Network Capacity: Significantly higher data rates and spectral efficiency.
2. Improved Link Reliability and Coverage: Greater robustness against fading and interference.
3. Optimized Resource Utilization: Efficient use of bandwidth and transmit power.



4. Faster Development Cycles. Streamlined design and testing of MIMO algorithms.
5. Innovation in Product Development: Enabling new features and capabilities in wireless
devices and infrastructure.
6. Competitive Advantage: L eading-edge expertise in crucial 5G/6G technologies.
7. Reduced Operational Costs: More efficient network planning and reduced infrastructure
needs.
8. Future-Proofing Infrastructure: Preparedness for evolving wireless standards.
9. Skilled Workforce: Empowered employees proficient in MIMO and Massive MIMO design
and analysis.
10. Strategic Capabilities: Development of advanced wireless communication systems.

Target Participants
» Wireless Communication Engineers
o RF Engineers
« DSP Engineers
« Network Architects and Planners
o R&D Engineersin Telecommunications
« PhD Students and Researchersin Wireless Communications
« Professionalsinvolved in 5G/6G standardization and deployment
« Antenna Design Engineers

Course Outline
Module 1: Fundamentals of Wireless Channelsand I mpair ments

« Wireless Channel M odel: Fading, multipath, Doppler spread.

« Channel Capacity: Shannon-Hartley theorem and itsimplications.

o Inter-Symbol Interference (1Sl): Causes and effects.

« Noiseand Interference: AWGN, co-channel interference.

« Case Study: Analyzing the impact of multipath fading on the performance of asingle-
antennawireless link.

Module 2: Introduction to MIMO Systems

« MIMO Concept and Motivation: Using multiple antennas at transmitter and receiver.

« MIMO Advantages. Spatia diversity, spatial multiplexing, array gain.

e« MIMO Channel Model: Channel matrix representation.

« Channel Capacity of MIMO Systems: Ergodic capacity, capacity with CSl.

« Case Study: Quantifying the theoretical capacity gain of a2x2 MIMO system compared to a
SISO system.

Module 3: Spatial Diversity Techniques

» Receive Diversity: Selection combining, maximal ratio combining (MRC), equal gain
combining (EGC).

« Transmit Diversity: Space-Time Block Codes (STBC) - Alamouti scheme.

» Performance Analysis of Diversity Schemes: Bit Error Rate (BER) improvement.



« Diversity vs. Multiplexing Trade-off: Choosing the right strategy.
» Case Study: Implementing and simulating the Alamouti STBC and comparing its
performance to a single antenna system.

Module 4: Spatial Multiplexing Techniques

« Principle of Spatial Multiplexing: Transmitting independent data streams over parallel
gpatial channels.

« Vertical Bell LabsLayered Space-Time (V-BLAST) Architecture: Decoupling parallel
streams.

e Linear MIMO Receivers: Zero Forcing (ZF), Minimum Mean Square Error (MM SE)
receivers.

 Successive I nterference Cancellation (SIC): Iterative decoding for improved performance.

o Case Study: Simulating a 2x2 spatial multiplexing system with ZF and MM SE receivers.

Module 5: Precoding and Beamfor ming

« Concept of Precoding: Shaping the transmit signal to optimize reception.

« Singular Value Decomposition (SVD) Precoding: Optimal precoding for known CSlI.
 Linear Precoding Techniques. Zero Forcing (ZF) precoding, Regularized ZF (RZF).

« Analog and Digital Beamforming: Steering transmit/receive beams,

» Case Study: Designing an SV D-based precoder to maximize the sum rate of aMIMO link.

Module 6: MIM O Channd Estimation

« Pilot-Based Channel Estimation: Training sequences for channel acquisition.

o Least Squares (LS) Channel Estimation: Simple and efficient.

e Minimum Mean Square Error (MM SE) Channel Estimation: Optimal for known channel
statistics.

« Channel State Information (CSl) Feedback: Quantization and overhead.

o Case Study: Implementing and evaluating LS channel estimation in asimulated MIMO-
OFDM system.

Module 7: Introduction to Massive MIMO

« Definition of Massive MIMO: Very large number of antennas at the base station.

« Key Benefits: High spectral efficiency, array gain, channel hardening, reduced inter-user
interference.

« Channel Hardening: Asymptotic orthogonality of channels.

« Pilot Contamination: Major challenge in TDD Massive MIMO.

« Case Study: Discussing the theoretical spectral efficiency gains of aMassive MIMO system
compared to atraditional MIMO system.

Module 8: Channel M odelsfor Massive MIMO

» Rayleigh Fading Channel: Basic model.

« Rician Fading Channel: Line-of-sight component.

« Large-Scale Fading and Small-Scale Fading: Path loss, shadowing, multi-path.

» Spatial Channel Models. Accounting for antenna correlations and propagation
environments.

» Case Study: Simulating the impact of spatial correlation on the capacity of aMassive MIMO
system.



Module 9: Hybrid Beamforming for Millimeter-Wave (mmWave) MIMO

« Challenges of mmWave MIM O: High path loss, limited RF chains.

« Hybrid Beamforming Ar chitecture: Combining analog and digital beamforming.

« Beam Training and Alignment: Acquiring channel information in mmwWave.

» Codebook-Based Hybrid Beamforming: Predefined beam directions.

« Case Study: Designing a hybrid beamforming strategy for a5G mmWave base station.

Module 10: Signal Processing for Massive MIM O

« Base Station Precoding: Matched filter (MF), Zero Forcing (ZF), MM SE precoding.

« Uplink Detection: ZF, MM SE receivers for multi-user detection.

« Pilot Design and Allocation: Mitigating pilot contamination.

« Low-Complexity Algorithms: Efficient processing for large antenna arrays.

» Case Study: Comparing the performance and complexity of MF vs. ZF precoding in a
Massive MIMO downlink.

Module 11: Cell-Free Massive MIM O

« Concept of Cell-FreeMassive MIM O: Distributed antennas, no cell boundaries.

« Advantages. Ubiquitous coverage, enhanced user experience, no cell edge issues.

» Challenges: Fronthaul requirements, centralized processing.

« Comparison with Traditional Cellular Massive MIMO: Trade-offs.

» Case Study: Analyzing the potential of cell-free Massive MIMO to improve coveragein
dense urban areas.

Module 12: Al/Machine Learning for MIMO Systems

« ML for Channel Estimation and Prediction: Using neura networks for better channel
awareness.

« Deep Learning for Precoding Optimization: Learning optimal precoding matrices.

« Reinforcement L earning for Resour ce Allocation: Dynamic power and bandwidth
allocation.

o Al-Native MIM O Architectures. Self-optimizing multi-antenna systems.

» Case Study: Training a deep learning model to perform channel state information
compression for feedback inaMIMO system.

Module 13: MIMO in 5G New Radio (NR)

¢ 5G NR MIM O Features. Beam management, multi-user MIMO, dynamic TDD.

e Massive MIM O Deployment Scenarios. Sub-6 GHz and mmWave.

« Integrated Access and Backhaul (IAB): Using MIMO for wireless backhaul.

« RAN Architecture Evolution for MIMO: Centralized RAN (C-RAN).

« Case Study: Analyzing the role of Massive MIMO in achieving the enhanced Mobile
Broadband (eMBB) requirements of 5G NR.

Module 14: Emerging MIM O Paradigms and Concepts

« Integrated Sensing and Communication (I SAC): Dual-use MIMO for communication and
radar.

« Reconfigurable Intelligent Surfaces (RIS) with MIMO: Smart radio environments.

« Beyond 5G/6G MIMO: THz MIMO, Holographic MIMO.

» User-Centric Massive MIMO: Focusing beams directly on individual users.



« Case Study: Exploring how ISAC MIMO systems can enable concurrent communication and
object detection for autonomous veh

Upcoming Scheduled Sessions

Start Date End Date Location Price

10 Aug 2026 21 Aug 2026 Online $2,200
17 Aug 2026 28 Aug 2026 Online $2,200
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