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CellSDN route traffic based on 
high-level service policies 

A	  service	  policy	  is	  composed	  of	  a	  

predicate	   A	  boolean	  expression,	  e.g.	  on	  subscriber	  a:ributes,	  
applica;ons	  a:ributes,	  cell	  proper;es	  …	  

An	  integer.	  To	  disambiguate	  overlapping	  policies	  priority	  

A	  list	  of	  middleboxes,	  access-‐control	  
specifica;ons	  (i.e.,	  allow/deny)	  …	  

ac;on	  



provider	  is	  B	  
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At best, switches support a few tens of thousands entries 

[Stephen, Conext12] 
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along new policy paths 
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Given a service policy-path, 
 

CellSDN minimizes the forwarding  
tables size by reusing tags 

Compute the actual path P used in the network 1.	  

For each candidate tag t used on the path P, 

Compute the # of new rules needed if t is used  

2.	  

Select the candidate tag minimizing the # of new rules,  
Create new tag if none available 3.	  

Install the forwarding entries in the network 4.	  
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•  FatTree topology 

•  128 switches && 1280 base stations 

•  8 types of middleboxes 

•  5 middleboxes long service policy 

CellSDN dataplane can support 
a large number of service policies 

Simulation	  
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Evaluation	   table size in function of the # of policies 

z	  
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Switches table size increase 
linearly wrt to the # of policy paths 
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Maximum
Median

Switches table size increase 
linearly wrt to the # of policy paths 

Only 5k entries are required 
to support 4k policy paths	  
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Maximum
Median

Switches table size increase 
linearly wrt to the # of policy paths 

In the worst case, 8k policy 
paths require 13.6k entries 
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Maximum
Median

Switches table size increase 
linearly wrt to the # of policy paths 

In the worst case, 8k policy 
paths require 13.6k entries 

Today, operators require a few hundreds policies 
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Maximum
Median

Switches table size increase 
linearly wrt to the # of policy paths 

CellSDN works on commodity switches 



CellSDN: Taking control  
of cellular core networks 

Scaling the data-plane 

multi-dimensional tagging 

Scaling the control-plane 

tasks delegation 

Architecture 

software-defined network 

3	  



Traffic Management Layer 

Mechanism Layer 

Service Policy 

Traffic Management 
Policy 

“Transcoder  ||  Firewall” 

“Balance load across  
 all MB instances” 

OpenFlow messages 

CellSDN controller separates traffic 
management from rules installation 



Traffic Management Layer 

Mechanism Layer 

Path Optimizer 

Service Policy 

Traffic Management 
Policy 

“Transcoder  ||  Firewall” 

“Balance load across  
 all MB instances” 

OpenFlow messages 



Traffic Management Layer 

Mechanism Layer 

Service Policy 

Traffic Management 
Policy 

Packet classification 

Path implementation 

“Transcoder  ||  Firewall” 

“Balance load across  
 all MB instances” 

OpenFlow messages 



S7	  

S6	  

S9	  

S8	  

S4	  

S5	   S3	   S2	  

S1	  

S0	  

Controller	  

To scale, CellSDN uses  
a hierarchical controller 



S7	  

S6	  

S9	  

S8	  

S4	  

S5	   S3	   S2	  

S1	  

S0	  

Controller	  

Most of the tasks are 
delegated to local-agents 

Local-Agent	  

Local-Agent	  

Local-Agent	  

Local-Agent	  



Local agents handle locally most frequent events 
  

-  cache a list of packet classifiers 

-  contact central controller upon cache miss 

-  tag flows 

z	  

z	  
z	  

Local-agents act as cache, reducing 
the load on the main controller 



-  UE arrival, handoff  

-  topology changes 

-  dynamic policies 

Central controller globally handle less frequent events 

-  cache a list of packet classifiers 

-  contact central controller upon cache miss 

-  tag flows 

z	  

z	  
z	  

z	  
z	  

z	  

The central controller deals with less 
frequent, but more complex events 

Local agents handle locally most frequent events 
  



•  1 week of traces from a large LTE network 

•  1500 base stations 

•  1 million users 

CellSDN control-plane can handle the 
load of large cellular networks 

Dataset	  

z	  

z	  

z	  

Evaluation	   •  # of events per second 

•  # of active users per second z	  

z	  
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UE Arrival
Handoff

The number of events going  
to the main controller is small 
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UE Arrival
Handoff

214/s	  99th percentile	   280/s	   Total << 1000	  

The number of events going  
to the main controller is small 
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UE Arrival
Handoff

214/s	  99th percentile	   280/s	  

Today’s controllers can 
process tens of  
thousands events/s	  

Total << 1000	  

The number of events going  
to the main controller is small 
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The number of flows handled 
by the local-agent is small 
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CellSDN supports flexible fine-grained policies 

CellSDN enables flexible and  
cost-effective cellular networks 

CellSDN achieves scalability with 

Multi-dimensional aggregation z	  

Asymmetric edge design z	  

Hierarchical controller z	  
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