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Introduction and MotivationIntroduction and Motivation

• Refined resource granularity compared to OFDM
• High flexibility in resource allocation
• Exploitation of diversity vs. averaging

Challenges in the performance evaluation of 
dynamic resource allocation in OFDMA systems

Characteristics of OFDMA systems

• Tight coupling of MAC and PHY (cross-layer design)
• Requirement of detailed PHY models for MAC and 

system level simulations
• Requirement of event-driven simulation tools for the 

performance evaluation concerning QoS support 
(packet transmissions)
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Centrally Controlled OFDMA SystemsCentrally Controlled OFDMA Systems

• Centrally controlled 
resource allocations 
(WiMAX, LTE, WINNER, etc.)

• MAC frame consists of 
signaling and data 
subframes

• Two-dimensional resource 
elements

• Resource elements are 
assigned to connections 
by frequency adaptive 
OFDMA scheduler

• Connection oriented data 
transmission
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OFDMA Subchannel StructureOFDMA Subchannel Structure
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Adjacent subchannel interference/fading avoidance,
exploitation of diversity,
increased signaling overhead

Distributed subchannel averaging

Effective subchannel fading

distributed

adjacent
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OFDMA Resource SchedulingOFDMA Resource Scheduling

• Resource Scheduling is 
conducted per MAC frame
– Frequency adaptive OFDMA 

scheduling
• Resource sets are assigned to 

connection sets depending on 
different strategies
– Round Robin
– Max Capacity
– etc.

• Adaptive PHY mode selection 
and power allocation
– Water-filling
– Equal transmission power
– etc.

• Uncertainty in SINR estimation
– Fading
– Interference

QPSK¾

16QAM¾

64QAM¾

Exemplary MAC frame
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Adjacent Subchannel Fading CharacteristicsAdjacent Subchannel Fading Characteristics

Time Domain Correlation

signaling period (MAC frame)
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Probability Density Function

Exploitation 
of MUD

• Exploitation of diversity in multi user scenarios can significantly 
increase system capacity

capacity gain

• Uncertainty in fading level estimation due to mobility (Doppler shift)

capacity reduction

Rayleigh distribution
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Interference Pattern CorrelationInterference Pattern Correlation

• Correlation between 
consecutive resource 
allocation patterns depends 
on traffic load and Doppler 
shift

• High correlation enables 
accurate interference 
estimation

• A resource utilization of 50% 
leads to the highest 
uncertainty in interference 
estimation

resource partitioning
scheduling constraints

100 Hz
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Simulated Reference ScenarioSimulated Reference Scenario

• 4x20 MHz @ 5 GHz
• 32 OFDMA subchannels
• Fixed Tx power per 

subchannel : 33 dBm
• 8 MTs per BS

– 2 inner connections
– 6 outer connections

• Mobility within 
interference cells

• Downlink connection 
evaluation

• Poisson traffic
• Symbol length: 100.8 μs
• MAC frame length: 1ms
• Downlink resources: 40% 

( 2 x 0.1008 ms ) 

( 1 ms )

D = 600m
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Imperfect SINR EstimationImperfect SINR Estimation
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• SINR estimation is required for 
frequency adaptive scheduling 
and PHY mode selection

• Estimation scheme should be 
able to compensate fading and 
interference uncertainty

estimation process

~ 4 dB
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Comparison of Capacity per ConnectionComparison of Capacity per Connection

• Adjacent OFDMA 
subchannels can 
significantly increase 
system capacity
(depending on uncertainty in 
SINR estimation)

• Outer connections (cell 
border) benefit more from 
exploitation of diversity

~ 30% ~ 17%
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ThroughputThroughput--Delay CharacteristicDelay Characteristic

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

distributed

adjacent (50 Hz)

adjacent (100 Hz)

adjacent (150 Hz)

adjacent (200 Hz)

QPSK 3/4 16QAM 3/4 64QAM 3/4

• System performance 
strongly depends on 
the mobility 
(Doppler shift)

• Capacity gain due to 
exploitation of 
diversity vs. capacity 
loss due to 
uncertainty in SINR 
estimation
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Concluding RemarksConcluding Remarks

• Performance of cellular OFDMA systems is 
strongly determined by subchannel 
correlation properties and interference 
estimation

• MAC level performance evaluation of OFDMA 
system requires a detailed PHY model

Open Issues:
– Interference handling (averaging vs. avoidance)
– Combination of fast and slow resource allocation
– Impact of different scheduling strategies
– Signaling overhead
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Thank you for your attention !

Michael Einhaus
ein@comnets.rwth-aachen.de

Any questions?


