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Abstract 

The wide adoption of smartphones has made cellular networks an essential part of our digital life. As a result, it 

has become increasingly important to understand such networks, identify their performance bottlenecks, and 

then propose practical techniques to eliminate bottlenecks. 
 
I present techniques to address the two aforementioned key problems through the principle of design-in-the-

large. Design-in-the-large leverages the numerous and their emergent behaviors to achieve scalability and 

flexibility. 
 
In particular, to scale access bandwidth at radio access networks, I will present the design and prototype of 

Argos, a base station architecture that employs an unprecedented number of antennas simultaneously to serve a 

smaller number of mobile devices in the same band of frequencies. Both analysis and early experimental results 

suggest this design can lead to orders of magnitude increase in both spectral and energy efficiency. 
 
To enable direct control of the core of cellular networks, I will present the design and prototype of SoftCell, a 

scalable software-defined cellular core network architecture. SoftCell achieves scalability by moving 

functionality from packet gateways to the many base stations and by aggregating traffic along multiple  

dimensions—the service policy, the base station, and the mobile device—at different switches in the network. 
 

This is joint work with collaborators at Princeton, Rice, Yale and Bell Labs. 
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