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Overview 

1. Introduction 
2. Analytical framework 
3. Performance calculation 

– Scenario 
– System parameters 
– Map 
– Cumulative distribution function 
– Expected value of CDF 
– 5th percentile of CDF 

4. Conclusion and outlook 
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Relay Enhanced LTE System Model 
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Analytical Framework for Performance 
Evaluation 
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Relay Enhanced Urban Macro-Cell Scenario & 
Relay Enhanced System Parameters 

deployment scenario urban macro-cell (UMa) 

layout hexagonal grid 

inter-site distance 500 m 

RN1 coordinate (0.95×(2/3×500) m, 0º) 

RN2 coordinate (0.7×(2/3×500) m, 18º) 

RN3 coordinate (0.7×(2/3×500) m, -18º) 

user distribution randomly and uniformly 
distributed over area 

number of BS antennas 1 tx, 1 rx 

number of RN antennas 1 tx, 1 rx 

number of UT antennas 1 tx, 1 rx 

BS antenna height 25 m, above rooftop 

RN antenna height 6.5 m, below rooftop 

UT antenna height 1.5 m 

BS antenna down tilt angle 12º 

RN antenna direction omni-directional 

minimum distance 
between UT and BS 

≥ 25 m 
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carrier frequency 2 GHz 

bandwidth 10 + 10 MHz (FDD) 

radio resource usage between BS 
and RN 

orthogonal 

association strategy best SINR 

association threshold 0 dB 

total BS transmit power 46 dBm for 10 MHz 

total RN transmit power 20 dBm for 10 MHz 

UT power class 24 dBm 

path loss model urban macro-cell 
(UMa) LoS, NLoS 

LoS probability for radio 
propagation condition between BS 
and UT 

urban macro-cell 
(UMa) 

LoS probability for radio 
propagation condition between RN 
and UT 

urban micro-cell 
(UMi) 

LoS probability for radio 
propagation condition between 
serving BS and RN 

1 

LoS probability for radio 
propagation condition between 
interfering BS and RN 

0 

Scenario & System Parameters (cont.) 
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Multi-Cell Scenario Map of Spectral Efficiency 
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Cumulative Distribution Function (CDF) of  
Spectral Efficiency 
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BS only, all small areas (fictive)
3 RNs, all relay cells
3 pico BSs, all pico cells

Various Systems over All Small Cells
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BS only, whole cell
3 RNs, whole cell
3 pico BSs, whole cell

Various Systems over Whole Cell
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Cell Spectral Efficiency (CSE) [bit/s/Hz/cell] 

BS ony 3 RNs 3 pico BSs 

macro cell 1.2288 1.2288 1.2288 

small cell 1 0.5415 1.0369 4.8366 

small cell 2 0.8329 1.2020 4.9940 

small cell 3 0.8331 1.2045 5.0098 

all small cells 0.7237 1.1408 4.9399 

whole cell 1.0713 1.2014 2.3862 
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Cell Edge User Spectral Efficiency (CEUSE) 
[bit/s/Hz] 

BS ony 3 RNs 3 pico BSs 

macro cell 0.1307 0.1307 0.1307 

small cell 1 0.1090 0.2024 0.2319 

small cell 2 0.1158 0.3014 0.3579 

small cell 3 0.1176 0.3118 0.3732 

all small cells 0.1145 0.2746 0.3223 

whole cell 0.1219 0.1337 0.1337 



11 Yuan Chen, ComNets, RWTH Aachen University 

Conclusion and Outlook 

• Completed analytical framework to evaluate CSE 
and CEUSE for 3GPP LTE system enhanced by 
multiple small (either relay or pico) cells per cell 
 

• Found that 
– CEUSE is increased by both pico cells and relay 

cells to a similar degree; 
– CSE is raised much more by pico cells 

compared to relay cells. 
 

• To explore, how pico cells can improve LTE 
system performance by not only increasing CSE 
and CEUSE but also decreasing variance of 
spectral efficiency under single input single 
output (SISO) transmission and reception 
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Thank you for your attention ! 
 

Dipl.-Inform. Yuan Chen 
chen@comnets.rwth-aachen.de 
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