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Contents of the Presentation
Goal: to investigate the impact of fixed relay station deployment     

in a single frequency network (SFN) using orthogonal frequency-
division multiplexing (OFDM)
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– Performance with full-duplex (FD) mode
– Impact of the relay gains
– Performance with half-duplex (HD) mode
– HD versus FD
– Impact of relay topology
– Performance at the SFN area borders

• Conclusions



• Single frequency network, e.g., MBMS or DVB-T/H
– Large time dispersion phenomenon

• OFDM
– Robustness against ISI/ICI

• Deployment of fixed relay stations 
– Increases received signal power 
– But further increases the overall time dispersion in the network

• Relaying methods
– AF, fixed gain / variable gain
– Full duplex / Half duplex

Context



OFDM
• OFDM block #i for 

• Demodulation via DFT at the receiver

• For block ‘0’ at the nth subcarrier
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OFDM: a performance measure
• “Average SINR”: the ratio of average useful power to average 

interference plus noise power

• For time-flat multipath channel:                                                    
• Average SINR (Steendam and Moeneclaey)

• Can be used to approximate the ergodic capacity:

Independent of the subcarrier 
index if all the subcarriers are 
modulated
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Simulator description
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• Relay gain
– Fixed gain
– Variable gain

• Full-duplex (FD) or half-duplex (HD) transmission mode

Amplify and forward relay channel
Multipath 
Rayleigh 
channels

Flat Rayleigh 
channel

Amplification by a factor β



Performance with full-duplex mode

• Received signal: 
where

• Average SINR

with

depends on the channel distribution with variable gain



Performance with full-duplex mode
• Fixed gain

• Variable gain with Nakagami fading



Impact of the relay gains
• For a Rayleigh channel (m=1), since                           and the 

average transmit power is constant, we have

Noise amplification Signal and interference amplification

• Simulations indicate 
similar performance



Performance with half-duplex mode

• Two diversity branches:

• Selection combining
– Select the signal with the best instantaneous SINR
– Lower bound on the average SINR 



• Equal gain combining: 
The receiver sums up the two signals after co-phasing

– Average SINR

with

Useful power with fixed gain 

Performance with half-duplex mode

Differences to FD



HD versus FD
• To overcome FD, HD should improve the SINR 

sufficiently to compensate for the loss of 1/2 in 
the transmission rate:

• High SINR

• Low SINR

The same performance if:

The same performance if:



HD versus FD

• In our scenario FD outperforms HD



Impact of relay topology



Impact of relay topology



Performance at the SFN area borders

• Higher performance 
improvement at the edge 
of the network than at its 
center



Conclusions
• Evaluation of some classical relaying methods in a broadcast network 

using OFDM

• Variable and fixed gain give similar performance

• FD better than HD (but loop interference should be fully cancelled)

• Regular SINR increase with the number of relays in the central cell

• A roughly equidistant relay repartitions give better performance

• Relay deployment increases particularly the performance at the border 
of two SFNs
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