


* Investigate the relationship between 
traffic and the wireless medium

A. Ephremides

(1) Wireless Environment and traffic correlation

• In wireless networks the “link” concept is relative
– Strong connection to the physical layer
– Effect of power & the SINR criterion

• Interference and fading cause the rate to fluctuate
– Rate fluctuation may affect traffic statistics

• Scheduling modulates traffic
– Attenuating transmission (and reception)
– Scheduling “smoothens” dense bursty arrivals
– Scheduling makes smooth traffic appear bursty

(2) Providing QoS across multiple-time scales
and multiple objectives

• Need a framework for quantitatively addressing QoS that combines:
– Packet delivery ratio, throughputs, deadlines, channel reliability

• Time scales of QoS metrics
– Throughput and packet delivery ratio are long time-scale notion
– Deadlines and delays are a medium term notion
– Channel reliability is a short term notion

• In wireless networks long-term notions may have less meaning
– What is the meaning of “steady-state” in a mobile ad-hoc network?

• Goals:
– Provide a mathematical framework for wireless QoS
– Determine conditions for QoS feasibility
– Develop optimal policies for meeting QoS requirements

(3) Wireless Network Coding

• In wireless we have interference…

– A node cannot receive simultaneously from two neighbors

– A node cannot send simultaneously two different messages

– A node cannot transmit and receive simultaneously

• But…
– A node can transmit the same message to different receiver (broadcast property of 

wireless medium

• Network coding can take advantage of the wireless broadcast property

• Network coding can help mitigate interference 
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Wireless Network Coding: Example

• B has a message for C (x)

• C has a message for B (y)

• Without coding 4 slots are needed

• With coding - only 3 slots are needed

– Slot 1:

– Slot 2:

– Slot 3:

– B and C know x and y and can decode y and x respectively

• Network coding takes advantage of the wireless broadcast property
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Wireless Network Coding: research issues

• Study the interplay between interference and network coding
– Strong connection between network coding and medium access (MAC)

• Study impact of network coding on delay
– Network coding may result in increased delay

• Study impact of traffic characteristics on network coding
– Would gain be affected by traffic correlation?
– Would correlated traffic lend itself better to network coding?

 (e.g., don’t need to exchange code book as often)

• Would network coding impact the traffic statistics at the links (inside the network)?

• Would network coding help reduce wireless interference?

• Can loose coupling be established?
– Minimal information exchange between layers
– Imperfect decisions/measurements made at one layer only gracefully affect overall 

performance

(4) Scheduling in Wireless Networks

• Only a subset of the links can be activated simultaneously 
– Maximum Weight Activation Set
– Weights are the queue backlogs
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• Single hop traffic - scheduling
– Find a Maximum Weight activation set

in every time slot
– Weights – Queue sizes

• Primary interference constraints
– A node transmits to a single neighbor at a time
– Multiple transmissions can take place as long as they

do not share a common node
– Find a Maximum Weight Matching (O(n3)) 

in every time slot

Distributed Scheduling

• In wireless networks there is a need for distributed solutions
– The optimization problem cannot be solved in a distributed manner every slot/frame

• Recent distributed scheduling schemes
– Lin and Shroff (2005) Chaporkar et al. (2005, 2006), Wu and Srikant (2005), Chen et 

al. (2006), Modiano et. al. (2006, 2007)

• Maximal weight (greedy) matching or Maximal matching  
– Instead of Maximum Weight Matching

– Guarantee only 50% throughput (primary interference)

• Objectives
– Develop high throughput distributed scheduling algorithms

– Study tradeoff between complexity, communication
requirement, and throughput
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Summary

• Network control should be done at multiple time-scales
– Time-scales of traffic
– Time-scales of resource allocations
– Time-scales of QoS requirements

• Our research focus:

– Loosely coupled Cross-Layer network control framework

– Network control for a mix of elastic and inelastic traffic

– Network coding with LRD inputs

– Network control for wireless


