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Motivation 

Much effort invested to enhance cellular spectral efficiency: 
•  Multi-carrier (OFDM, SC-FDMA) 
•  Multi-antenna (Beamforming, CoMP) 
•  Dynamic spectrum allocation 
•  Interference coordination / alignment 
•  Relaying 

Focus on physical layer performance 
Metrics: Shannon capacity, outage-limited capacity etc. 



Motivation II 

More practical questions arise from the usage in real systems 
 
 
 
 
 
 
 
 
è Quantize the queuing performance of different approaches 



Analysis Approaches 

Older approaches for evaluating queuing performance: 
-  Utilize the M/G/1 framework 
-  Matrix methods 
But: Arrivals not necessarily Markovian, no delay distribution 
 
Turn to newer approaches: 
•  Effective capacity 
•  Stochastic network calculus 



Effective Capacity 

Introduced by [Wu, ToW, 2003]: 
•     denotes random steady-state queue length 
•  From large deviation theory we get approximation 

•    is the probability that the queue is not empty 
•    is the QoS exponent with 

       with     as the log-moment  
       generating function and          as the effective service capacity 



Effective Capacity 

Introduced by [Wu, ToW, 2003]: 
 
 
Extended by [Soret, CeDG 2010]: 
•  With central limit theorem (if service process increments are i.i.d) 

•  Max. sustainable rate: 



Our Efforts 

 
Analyze common OFDM schedulers in: 
•  Noise-limited environments 
•  Interference-limited environments 
•  Dynamic spectral reuse scenarios 

è Determine the impact on the queuing performance  
è Utilize results for operation of cellular networks 



System Model 
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Noise Limited Round Robin Scheduler 



Noise Limited opp. OFDMA Scheduler 



Noise Limited opp. OFDMA scheduler 



Interference Limited Systems 

Modelling possibilities: 
 
•  Treat interference as additional noise 

•  Different noise levels for each terminal? 
•  Worst case analysis with worst interference? 

•  Use distribution function for interference limited signals 
 
 
 
 
⇒  Subcarriers independent but non identically distributed 
 



Interference limited prop. fair scheduler 

Normalize instantaneous SINR with average SINR 
 
 
⇒  Distribution functions are now: 

⇒  No longer identically distributed  
 



Numerical Results – 
Interference limited Systems  

How to handle interference limited systems? 
 
•   Interference as noise ? 

Rates for Terminals with different Noise levels 
 SNR between (5.68dB , 6.10dB) 
 SINR between (5.68dB, 6.10dB) 

 



Interference limited Systems – prop. Fair 

Int as Noise 



Interference limited Systems – prop. Fair 

Int as Noise 

Interference 



Interference limited Systems 

Int as Noise 



Interference limited Systems 

Int as Noise 
Interference 



Conclusion 

•  Effective Capacity good tool for analyzing cellular wireless systems 
•  Intuitive parameters like delay in ms or outage probability 

•  Works for realistic multiuser multichannel systems 

•  Modelling interference as additional noise leads to an 
underestimation of the system 



Numerical Results 
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