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Overview 

• Relay enhanced LTE system model 

• Analytical framework 

• SFG model for 2 hop transmission 

• Results for MAC layer 

– Resource consumption, error ratio and 
spectral efficiency  

– Scenario map, CDF for cell, expected value 
and 95th/5th percentile 

• Conclusion and outlook 
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Relay Enhanced LTE System Model 
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Analytical Framework 
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SFG and MGF for 2 Hop Transmission 

𝐆2HOP z  =  suc[𝐆2HOP z ] + err[𝐆2HOP z ] 
 

suc[𝐆2HOP z ] = suc[𝐆BACKHAUL z ] ∙ suc[𝐆ACCESS z ] 
 

err 𝐆2HOP z = suc 𝐆BACKHAUL z ∙ err 𝐆ACCESS z + 
err[𝐆BACKHAUL z ] 
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Probability Distribution of  
Resource & Error & Efficiency 

𝐆 z = suc 𝐆 z + err 𝐆 z = pi ∙ z
#PRBPi

N

i=1

 

err 𝐆 z = ei ∙ z
#PRBPi

N

i=1

, suc 𝐆 z = (pi − ei) ∙ z
#PRBPi

N

i=1

 

 
Prob Resource Consumption = #PRBPi = pi, i = 1, 2,… , N 

Prob Error Ratio =
ei
pi
= pi, i = 1, 2,… , N 

Prob Spectral Efficiency
bit

s ∙ Hz
=

Payload ∙ (1 −
ei
pi
)

#PRBPi ∙ (10
−3 ∙ 180 ∙ 103)

= pi,

i = 1, 2,… , N 
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Relay Enhanced Urban Macro-Cell Scenario 
scenario urban macro-cell 

layout hexagonal grid 

inter-site distance 500 m 

BS antenna height 25 m, above rooftop 

# BS antennas 1 tx 

total BS transmit power 46 dBm for 10 MHz 

BS antenna down tilt angle 12º 

RN antenna height 10 m, below rooftop 

# RN antennas 1 rx, 1 tx 

Total RN transmit power 27 dBm for 10 MHz 

RN antenna down tilt angle Omni-directional 

UT antenna height 1.5 m 

# UT antennas 1 rx 

distance between UT and BS >= 25 m 

carrier frequency 2 GHz 

channel model UMa (LoS, NLoS) 

BS noise figure 5 dB 

RN noise figure 5 dB 

UT noise figure 7 dB 

BS antenna gain (boresight) 17 dBi 

RN antenna gain 0 dBi 

UT antenna gain 0 dBi 

thermal noise level –174 dBm/Hz 
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Scenario Map of Efficiency for Relay Enhanced 
System with Best Mean SINR Association 
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Scenario Map of Resource & Error & Efficiency 
Best Mean Efficiency Association 
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CDF of Resource & Error & Efficiency  
over Whole Cell 
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BS only, best SINR, whole cell

one RN, best SINR, whole cell

one RN, best efficiency, whole cell
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Cell (Edge User) Spectral Efficiency 

system zone 
efficiency 

mean 5% 

BS only best SINR whole cell 1.0803 0.1249 

one RN best SINR 

RN subcell 0.8203 0.1263 

BS subcell 1.4124 0.1470 

whole cell 1.1085 0.1310 

one RN best efficiency 

RN subcell 0.8549 0.1288 

BS subcell 1.3715 0.1433 

whole cell 1.1529 0.1365 
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Conclusion and Outlook 

• Developed analytical framework to evaluate 
cell (edge user) spectral efficiency of relay 
enhanced LTE system 

• Found that under best mean SINR association 
and best mean efficiency association, one 
relay per cell already improves cell spectral 
efficiency by 3% and 7%, and cell edge user 
spectral efficiency by 5% and 9%, respectively 

 

• To extend analytical framework to evaluate 
LTE system enhanced with more than one 
relay per cell 
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Thank you for your attention ! 

 

Dipl.-Inform. Yuan Chen 

chen@comnets.rwth-aachen.de 


