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Maximum number of users that can be served in Case 1, 

Case 2, Case 3, and Case 4, respectively 

 

𝑁𝑅1 Users counter of R1 zone 

𝑁𝑀𝑆
𝐿𝐴 , 𝑁𝑀𝑆

𝐿𝐵 , 𝑁𝑀𝑆
𝐿𝐶 , 𝑁𝑀𝑆

𝐿𝐷 Number of users per layer A, B, C, and D, respectively 
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xxii 

 

𝑀𝑆𝐹 User index flag  

𝑁𝑀𝑆
𝐴𝐵𝐶𝐷 Total number of users in all layers (A, B, C, and D) 

𝑁𝑀𝑆
𝑚𝑎𝑥 Hold the most crowded layer name (A, B, C, or D) 

𝑖𝑎, 𝑖𝑏, 𝑖𝑐, 𝑖𝑑 Users counter of layer A, B, C, and D, respectively  

𝑖𝑎𝑚𝑎𝑥, 𝑖𝑏𝑚𝑎𝑥 ,  
𝑖𝑐𝑚𝑎𝑥, 𝑖𝑑𝑚𝑎𝑥 

Maximum number of users in layer A, B, C, and D, 

respectively 

 

𝑃𝑟  Received power   

𝑃𝑡 Transmitted power 

𝐺𝑟  Receiver antenna gain  

𝐺𝑡 Transmitter antenna gain 

f Operating carrier frequency 

hBS Base station antenna height  

ℎ𝑀𝑆 Mobile station antenna height 

A (hMS) Mobile station antenna correction factor 

d Distance between base station and user (or mobile station) 

CF Environment correction factor 

X Shadowing 

𝐵𝑆𝑥  Base station location in X-axis 

𝐵𝑆𝑦 Base station location in Y-axis 

K Boltzmann’s constant 

T Kelvin temperature 

Fs  Sampling frequency 

KrOFDM Number of Subcarriers per OFDM symbol  

B Number of data bits per subcarrier 

𝐷𝑟𝑃𝐻𝑌 Physical layer data rate 

 
 

 
 

 
 

 
 

©This
 ite

m is
 pr

ote
cte

d b
y o

rig
ina

l c
op

yri
gh

t 

 



 

xxiii 

 

𝐷𝑟𝑀𝐴𝐶 MAC layer data rate 

𝑁𝑂𝐹𝐷𝑀
𝐷𝐿  Number of OFDM symbols in the DL sub-frame 

𝑁𝑂𝐹𝐷𝑀
𝑂𝐻  Number of OFDM symbols reserved for overhead 

(control messages) in the DL sub-frame 

 

Cr Code rate type 

Q Number of points in the constellation for particular 

modulation type 

 

𝛽 Number of slots reserved for user data load 

𝛼 Number of active users in the target zone or segment 

P(u) Binary expression (0 or 1) 

𝑃𝑆𝐼𝑁𝑅
𝑚𝑖𝑛 (𝑀) 𝑎𝑛𝑑 𝑃𝑆𝐼𝑁𝑅

𝑚𝑎𝑥(𝑀) SINR thresholds for target zone or segment 

𝑅3𝐴 Segment A in R3 zone 

𝑅3𝐵𝐶 Segment BC in R3 zone 

𝐷𝑟𝑀𝐴𝐶
𝑇𝑟𝑑  MAC data rate in traditional FFR 

𝐷𝑟𝑀𝐴𝐶
𝑃𝑟𝑜  MAC data rate in proposed FFRs 

Z Number of trials 

𝐷𝑟𝑀𝐴𝐶
𝑇𝑟𝑑

 Average MAC data rate in traditional FFR 

𝐷𝑟𝑀𝐴𝐶
𝑃𝑟𝑜

 Average MAC data rate in proposed FFRs 

𝐾𝑟𝐸(M) Normalized subcarrier efficiency per zone or segment 

𝜔 Total number of subcarriers reserved for specific user load 

 

𝐾𝑟𝐸(𝑀) Average normalized subcarrier efficiency per zone or 

segment 

 

𝐾𝑟𝐸
𝑇𝑟𝑑 Arithmetic mean of traditional FFR subcarrier efficiency 

𝐾𝑟𝐸
𝑃𝑟𝑜 Arithmetic mean of proposed FFRs subcarrier efficiency 

𝐷𝐿𝑆𝐸  Down link spectral efficiency  

𝐹𝑅𝐹𝑅3 Frequency reuse factor in R3 zone  
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