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 Goal: Online distributed optimize spectral efficiency and coverage 
for multi-users under harsh environment and unknown disturbances

 Challenges
 Difficulty of optimal problem formulation (Challenge 1) 
 Complexity and Uncertainty of Environment (Challenge 2)
 Inefficiency of existing machine learning techniques (Challenge 3) 

 Ideas:
 Using the cross-layer optimization and game theory to 

effectively formulate optimal problem including multi-mobile 
agents path planning (application layer) and beamforming 
(physical layer) under harsh environment (Solution of Challenge 
1)

 Using the distributed game-theoretical reinforcement learning 
techniques to efficiently learn the optimal design in real-time 
even under harsh environment. (Solution of Challenge 2)

 Using low computational online biologically inspired learning 
structure (Solution of Challenge 3)

Introduction

Problem Formulation

The backhaul architecture for massive MIMO under harsh 
environment and unknown disturbances

 Game theory approach for Cross-Layer multi-objective 
optimization

Remark:
 Challenge 1: formulated game theoretical multi-objective 

optimization problem is not solvable directly
 Challenge 2: uncertain environment and unknown 

disturbances/interferences.    

Brain Emotional A2ctor-Critic-Cognitive Reinforcement Learning Structure

 Proposed Brain Emotional A2ctor-Critic-Cognitive (BEL-A2CC) reinforcement learning 
based intelligent massive MIMO beamforming and backhauling design.

Detailed algorithm

Brain Emotional A2ctor-Critic-Cognitive RL algorithm 

Computer-aid Simulation Results

Experimental Results

Spectral Efficiency

Intelligent mobile node moving and beamforming at UNR
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Hardware Testbed and Experiment Scenario

UAV Test Site and Flying Zone

Mobile Relay Node with mmWave MIMO

Intelligent mmWave MIMO System under Harsh Environment

Intelligent design at community


