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Abstract 
 
With the proliferation of the Internet of things (IoT), the next evolutions of cellular 

networks (5G and beyond) are envisioned to support massive numbers of heterogeneous 

devices. To realize the foreseen 5G evolution, the way cellular networks are operated and 

designed should be revolutionized. Recent studies indicate that cellular networks are 

evolving towards a blend of infrastructure based and ad-hoc based networking that allows 

direct device-to-device (D2D) and machine-to-machine (M2M) communications on top of 

the legacy device-to-BS communication. Furthermore, denser BSs deployment is expected 

along with aggressive spatial frequency reuse among the BSs as well as among the D2D 

and M2M links. This will change the interference behaviour, which leads to an interference 

limited operation, and brings more sources of uncertainties to the network. Consequently, 

new mathematical models that account for such 5G network characteristics and 

uncertainness are required.  

 

Using stochastic geometry and queueing theory, spatiotemporal mathematical models are 

developed to account for both the spatial and temporal uncertainties. Hence, enabling 

rigorous proof of concepts and efficient design for new technologies/services in large-scale 

setup. This presentation introduces spatiotemporal stochastic models in the context of 5G 

networks and beyond and discusses/assesses several emerging technologies that are 

proposed to fulfill the ambitious 5G performance requirements.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

Tutorial Outline  
 

Part I: Introduction and Motivation 

1. Introduction to 5G and beyond networks 

2. The Internet of things  

3. Challenges and research problems 

4. Motivation for using spatiotemporal stochastic models  

Part II: Theory 

5. Stochastic geometry preliminaries 

a. Point processes 

b. Fading models 

c. Propagation models   

d. Useful results 

6. Exact interference and performance characterization  

7. Viable simplifying approximations and their subsequent effects 

8. Temporal performance correlation  

9. Queueing theory preliminaries 

a. Continuous time and discrete time Markov chains 

b. Quasi birth death models 

c. Matrix analytic method 

Part III: Applications 

10. Emerging Technologies  

a. Full-duplex communication in cellular networks 

b. Device-to-device communication  

c. IoT scalability and stability analysis 

d. Ultra-densification and handover management 

Part IV: Future Research  

11. Conclusions 

12. Open Problem 

13. Future research Directions 
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