
Decentralized coordination methods
for beam alignment and resource allocation

in 5G wireless networks

Dissertation

submitted to

Sorbonne Université

in partial fulfillment of the requirements for the degree of
Doctor of Philosophy

Author:
Flavio MASCHIETTI

Thesis advisor:
Prof. David GESBERT

Scheduled for defense on the 11th of December 2019, before a committee composed of:

Reviewers
Prof. Stefano BUZZI Univ. of Cassino and Southern Lazio, Italy
Prof. Tharmalingam RATNARAJAH Univ. of Edinburgh, UK

Examiners
Prof. Mari KOBAYASHI CentraleSupélec, France
Prof. Dirk SLOCK EURECOM, France
Prof. Gábor FODOR Ericsson Research & KTH, Sweden





Sorbonne Université
EDITE de Paris

EURECOM

Méthodes de coordination décentralisées
pour alignement de faisceaux

et allocation de ressources pour la 5G

Par Flavio MASCHIETTI

Thèse de doctorat en
Sciences de l’Information et de la Communication

Dirigé par Prof. David GESBERT

Soutenance de thèse prévue le 11 décembre 2019 devant un jury composé de:

Rapporteurs
Prof. Stefano BUZZI Univ. de Cassino et du Lazio Méridional, Italie
Prof. Tharmalingam RATNARAJAH Univ. d’Edimbourg, Royaume-Uni

Examinateurs
Prof. Mari KOBAYASHI CentraleSupélec, France
Prof. Dirk SLOCK EURECOM, France
Prof. Gábor FODOR Ericsson Research & KTH, Suède


	Abstract
	Abrégé [Français]
	Acknowledgements
	Contents
	List of Figures
	List of Tables
	Abbreviations
	Notations
	Introduction and Motivation
	Multi-Antenna Coordination in Mobile Networks
	Coordination in Massive MIMO Communications
	Challenges in CSI Acquisition in FDD mMIMO
	Challenges in CSI Acquisition in mmWave mMIMO
	Massive MIMO and D2D

	Decentralized Coordination
	Focus of the Thesis
	Coordination with Decentralized Information
	Decentralized Beam-Domain Coordination
	Distributed Information Structures

	Thesis Outline

	Models for Massive MIMO and mmWave Communications
	Geometric Channel Model
	Channel Parameters in Sub-6 GHz Communications
	Channel Parameters in mmWave Communications

	Beam Codebook
	Beam-Domain Channel Representation


	Location-Aided Beam Alignment in Single-User mmWave mMIMO
	Introduction
	Models and Scenario
	Information Model
	Definition of the Model
	Distributed Information Model
	Shared Information

	Coordinated Beam Alignment Methods
	Beam Alignment under Perfect Information
	Optimal Bayesian Beam Alignment
	Naive-Coordinated Beam Alignment
	1-Step Robust Coordinated Beam Alignment
	2-Step Robust Coordinated Beam Alignment

	Simulation Results for the Single-User Scenario
	Beam Codebook Design
	Location Information Model
	Results and Discussion

	Conclusions

	Multi-User Beam Selection in mmWave mMIMO Using OOB Information
	Introduction
	Models and Problem Formulation
	Uplink mmWave Signal Model
	Problem Formulation

	Out-of-Band-Aided Beam Selection
	Exploiting Sub-6 GHz Information
	Uncoordinated Beam Selection
	Hierarchical Coordinated Beam Selection

	Simulation Results
	Multi-Band Channels
	Results and Discussion

	Conclusions

	Multi-User Beam Selection for Training Overhead Reduction
	Introduction
	Models and Problem Formulation
	Channel Estimation with Grid-of-Beams
	Data Signal Model
	Optimal Precoders and Combiners

	Data Beamformers Design
	Grid-of-Beams Beamformers Design
	Harvesting Large Effective Channel Gain
	Minimizing Multi-User Interference
	Minimizing Training Overhead

	Decentralized Coordinated Beam Selection Algorithms
	Simulation Results
	Winner II Channel Model
	Results and Discussion

	Conclusions

	Spectrum Sharing in mmWave: Coordination vs Privacy Trade-Off
	Introduction
	Models and Problem Formulation
	3D Millimeter Wave Channel Model
	Beam Codebook
	Coordinated Time Division Scheduling Problem

	Successive Scheduling
	SINR-Based Successive Coordinated Scheduling
	SLNR-Based Successive Coordinated Scheduling
	Average Leakage Power Through Beam Footprints
	Low-Overhead SLNR-Based Coordinated Scheduling

	Privacy-Preserving Coordinated Scheduling
	Trade-Off Between Coordination and Privacy
	Privacy-Preserving SLNR-Based Coordinated Scheduling

	Simulation Results
	Results and Discussion

	Conclusion

	Conclusions
	Appendices
	Proofs of Chapter 3
	Proofs of Chapter 4
	Proofs of Chapter 5
	Proofs of Chapter 6

	Résumé [Français]
	Introduction et Motivation
	Coordination Multi-Antennes dans les Réseaux Mobiles
	Coordination dans le Massive MIMO
	Coopération Décentralisée
	Objet de la Thèse
	Coordination avec l'Information Décentralisée

	Coordination dans le Domaine Spatial pour le mMIMO
	Alignement des Faisceaux Robuste en Bande Millimetrique
	Sélection des Faisceaux à l'aide d'Information Hors Bande

	Partage du Spectre en Bande Millimetrique: Selection des Faisceaux et Conservation de la Vie Privée
	Formulation du Problème de Scheduling
	Compromis entre la Coordination et la Protection de la Vie Privée
	Scheduling Coordonné visé à la Protection de la Vie Privée


	References

