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研究成果の概要（和文）：このプロジェクトでは、オンライン学習アルゴリズムを使用して、さまざまな無線通
信シナリオの数学的定式化をモデル化しました。これらのシナリオにさまざまな種類のマルチアーム バンディ
ットを適用し、エネルギーを考慮するように変更しました。利用されたバンディット ソリューションは、適切
な選択と独自の学習ポリシーにより、さまざまな設定でほぼ最適なパフォーマンスと高速な収束率を示しまし
た。

研究成果の概要（英文）：In this project, we modeled mathematical formulations for different wireless
 communication scenarios using online learning algorithms including Neighborhood discovery and 
selection in millimeter wave D2D communications, Gateway UAV selection in disaster area scenario, 
RIS aided mmWave Communications, UAV mounted RIS, Multiband wireless networks, V2X over the air 
updates, and V2X metaverse content updates. We leverged various types of multi armed bandits to 
these scenarios and modified it to be energy aware. The Utilized Bandit solutions showed near 
optimal performance and fast convergence rate in various settings due to proper selection and their 
unique learning policy. As a proof of concept we conducted experimental setup to memic the scenario 
of over the air updates using smart road side units.   

研究分野： Wireless Communications

キーワード： D2D Communications　millimeter Wave (mmWave)　Radio frequency (RF)　Multi-armed bandit (MAB)
　Metaverse　Thompson sampling (TS)　UAV　V2X communications

  １版

令和

研究成果の学術的意義や社会的意義
Thr project contributes to fullfilling the requirments of advanced communication technology(6G) with
 effective energy aware performance. The project also has social impact in disaster relief as it 
ensured reliable communications in challenging environments. Also,it contributes to autonomus 
vehicles

※科研費による研究は、研究者の自覚と責任において実施するものです。そのため、研究の実施や研究成果の公表等に
ついては、国の要請等に基づくものではなく、その研究成果に関する見解や責任は、研究者個人に帰属します。
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１．研究開始当初の背景 (Initial Background of the research) 
 

Building a smart and self-decision-making wireless communication system is considered 

as one of the main objectives of future beyond 5G (B5G) and 6G. One of the targets is to 

overcome the high dynamicity and channel impairments of the millimeter wave 

(mmWave) communications. Direct applications of the current machine learning (ML) 

based solutions cannot withstand, where the main difficulty comes from the adversarial 

and combinatorial nature of mmWaves caused by blocking of narrow beams. In this 

project, we develop formulations and algorithms that overcome the obstacles to increase 

the expected average throughput and reduce the latency of B5G/6G communications. This 

project is motivated by combinatorial/adaptive online prediction techniques that are 

theoretically guaranteed to perform robustly for adversarial environments. Hence, 

applicable future promising wireless applications like V2X, wearable devices, etc. 

become true. 
 
２．研究の目的  (Research Objective) 

Employing ML in wireless communications is in its infancy and have a big concern to be 

an  enabler for B5G/6G by making the communication networks more intelligent self-

decision-making systems. Current research directions tackle small problems using typical 

ML algorithms that cannot efficiently address the high dynamicity and ultra-high-density 

features of B5G/6G.  The existing ML algorithms are applied without considering the 

adversarial mmWave environment, such as path blocking and spatial transmissions 

coming from beamforming.  Moreover, deep learning-based solutions utilize continuous 

optimization that increases the system overhead. Also, these solutions require an 

incredible offline-learning phase, making it unsuitable for future mmWave B5G/6G 

applications. However, discrete optimization techniques will be more suitable to cope 

with the mmWave nature, especially for multi-hop transmission scenarios.   

Specifically, we drive new formulations and develop new ML techniques that consider 

those unique mmWave characteristics. The newly developed ML algorithms are expected 

to overcome mmWave challenges in different B5G and 6G scenarios such as device to 

device (D2D),  single  and  multi-hop  mmWave  cooperative  relaying, UAV 

communications,  multiband  channel  assignment, and cooperative communications 

too.   

 
３．研究の方法 (Research Methodology) 

The unique nature of mmWaves represents the bottleneck for efficient and reliable future 

B5G/6G communications. The NDS problem of mmWave D2D especially for mobile 



scenarios as high-speed trains and V2X applications is severe due to the dynamic 

adversarial blockage environment.  Besides, the shortest path multi objective 

optimization in mmWave D2D is NP Hard problem that needs unique combinatorial 

algorithms. Moreover, the multiband channel (mmWave, WIFI, visible light 

communication) assignment of D2D communication pairs to obtain maximum data rates 

and QoS.  The mmWave relay problems need special online algorithms such as sleeping 

bandits. A smart procedure is to merge both wireless communications and  ML  theory  

experts  i.e.,  the two  teams,  to  overcome  this  bottleneck  and  bring  

future  mmWave  applications  to  reality. 
 
４．研究成果  (Research Results) 

Our research delivered tangible benefits, including:  

- Enhanced Performance: MAB-driven techniques enabled B5G/6G networks to 

dynamically adapt to changing conditions, leading to lower latency, and improved 

overall quality of service. 

- Energy Efficiency: By intelligently managing resources and modifying the MAB 

schemes, networks can operate with reduced energy consumption, extending device 

battery life. 

- Innovation: The integration between online learning schemes and B5G/6G opened 

the doors to new applications and metaverse services, over-the-air updates for smart 

vehicles, etc. 

- Robustness and fast convergence: AI-enabled self-optimization and self-healing 

mechanisms will make B5G/6G networks more resilient against failures and external 

disruptions and highly converge to optimal solutions. 

- Research outcomes for different B5G/6G scenarios: Our solutions included 

different B5G/6G scenarios and use cases, including Unmanned Aerial Vehicles 

(UAVs), Softwarization of 6G networks using Bandits, Reconfigurable intelligent 

surfaces (RIS), UAV-mounted RIS,   Relay probing,  Hybrid RF/VLC 

communications, Metaverse Content Update, millimeter Wave (mmWave) 

Concurrent Beamforming,  Millimeter Wave (mmWave) device-to-device (D2D) 

neighbor discovery and selection, Wireless sensor networks, and  Vehicle 

classification using seismic data. 

 Some of our results are published in highly top conferences (IEEE Globecom, IEEE 

PIMRC) and journals (IEEE Network, IEEE IOT Journal, IEEE TVT Journal, IEEE 

Systems journal, etc.) 
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