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Overview 

• LTE system model 

• Analytical framework 

• SFG model for MAC layer 

• Results for MAC layer 

– Resource consumption, error ratio and 
spectral efficiency  

– CDF for (X,Y), scenario map, CDF for cell, 
expected value and 95th (5th) percentile 

• Conclusion and outlook 
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LTE System Model 
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Analytical Framework 
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SFG for MAC Layer: Recursion 

Assignment 
Error 

Transmissio
n Error 

Feedback 
Retransmis

sion 

 

 

ACK → ACK  

ACK → NAK  

ACK → DTX  

 

NAK → ACK  

NAK → NAK  

NAK → DTX  
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Recursion (cont.) 

Assignment 
Error 

Transmissio
n Error 

Feedback 
Retransmis

sion 

 

 

DTX → ACK  

DTX → NAK  

DTX → DTX  

 

DTX → ACK  

DTX → NAK  

DTX → DTX  
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SFG and MGF for MAC Layer: Exit Condition 

𝐆MAC,1 z  =  suc[𝐆MAC,1 z ] + err[𝐆MAC,1 z ] 
 

suc[𝐆MAC,1 z ] =  p┐ASSIGNERR ∙ suc[𝐆PHY z ] 
 

err 𝐆MAC,1 z =  p┐ASSIGNERR ∙ err 𝐆PHY z + 

pASSIGN_ERR ∙ suc[𝐆PHY z ] + err[𝐆PHY z ]  
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Resource Consumption & Error Ratio &  
Spectral 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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Resource & Error & Efficiency at (X,Y) in  
Urban Macro-Cell Scenario 

(X,Y) (r,θ) 

□ (100,55) (1/3·(2/3·ISD),30º) 

○ (195,110) (2/3·(2/3·ISD),30º) 

˄ (290,165) (1·(2/3·ISD),30º) 
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Resource Consumption on MAC Layer over Cell 

□ ○ ˄ ˅ ◊ 

no. of max. retransmissions (R) 0 1 1 1 1 

probability of resource assignment failure (A) 0 0 10% 0 10% 

probability of feedback misdetection (F) 0 0 0 10% 10% 
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Error Ratio on MAC Layer over Cell 

□ ○ ˄ ˅ ◊ 

no. of max. retransmissions (R) 0 1 1 1 1 

probability of resource assignment failure (A) 0 0 10% 0 10% 

probability of feedback misdetection (F) 0 0 0 10% 10% 
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Spectral Efficiency on MAC Layer over Cell 

□ ○ ˄ ˅ ◊ 

no. of max. retransmissions (R) 0 1 1 1 1 

probability of resource assignment failure (A) 0 0 10% 0 10% 

probability of feedback misdetection (F) 0 0 0 10% 10% 
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Cell Spectral Efficiency &  
Cell Edge User Spectral Efficiency 

□ ○ ˄ ˅ ◊ 

mean resource 
consumption 

42.4800 49.4988 53.0450 55.8892 58.3715 

95% resource 
consumption 

142 180 188 180 188 

mean error ratio 0.1370 0.0233 0.0526 0.0347 0.0696 

95% error ratio 1 0.1988 0.2788 0.2789 0.3509 

mean  
spectral efficiency 
(bit/s/Hz/cell) 

1.0636 1.0803 1.0135 0.9603 0.9014 

5%  
spectral efficiency 
(bit/s/Hz) 

0 0.1249  0.1042 0.1154 0.0901 
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Conclusion and Outlook 

• Developed SFG models to analyze cell spectral 
efficiency and cell edge user spectral efficiency 

– PHY layer (channel states, RAP, BLER, AMC, CC, 
frame overhead) 

– MAC layer (H-ARQ, assignment failure, feedback 
misdetection) 

– RLC layer (segmentation, SR-ARQ, feedback loss, 
timer) 

 
• To extend SFG models for relay enhanced cell 



15 Yuan Chen, ComNets, RWTH Aachen University 

 

 

Thank you for your attention ! 

 

Dipl.-Inform. Yuan Chen 

chen@comnets.rwth-aachen.de 


