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• Consider a small cell network (SCN):  

•     SBSs serving users from a set    of    files.   

• Limited allocated backhaul capacity:       . 

• Limited storage capacity:    .  

• The cost function: 

 

 
Accounting for: 

 The inter-SBSs redundancy. 

 The in-SBS redundancy. 

 The backhaul cost. 

 The storage cost. 

 

 

• Consider the high density of small cell networks. 

• Consider the time-varying dynamics of the storage 

spaces and channel. 

      Mean-field games 

• Define the download rate                        of all the 

SBSs for each file   . 

• Proof the existence of a mean-field Nash equilibrium. 

 

System Model 

Motivation 

• Exponential growth of mobile video traffic. 

• Limited capacity of wireless networks. 

• Dense deployment of small base stations (SBSs). 

• Capacity-limited and heterogeneous backhaul links. 

Solution: Distributed caching 

• Predict the popularity of the files. 

• Cache the content at the SBSs ahead of time. 

 

Challenges and Contribution 

Mean-Field Game Formulation Stochastic Game Formulation 

Results 

• The stochastic differential caching game (SDG) is 

defined by                                      where: 

   is the set of players. 

   is the set space of SBS  ‘s state                   : 

 

 

 
   is the set of admissible caching control. 

    is the cost function: 

 

 

• Solving the SDG amounts to solving the Hamiltonian 

Jacobi-Bellman (HJB) equation for all the SBSs 
  

• Proposition: 

Solving the system of HJB and FPK equations results in a 

unique mean-field equilibrium. 

• Simulation parameters: 

 An increasing popularity of one file over time 

 The storage capacity of the SBS is  

 The initial distribution of the considered file follows a 

normal distribution                . 

• Substitute all the individual interactions by the mean-field: 

 
 

• The state                       of a generic SBS can then be given 

by: 
 

 

 

• Finding the optimal control amounts to solving the coupled 

system of HJB and Fokker-Planck-Kolmogorov (FPK) 

equations: 


