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𝑝𝑖: Attempt probability of class 𝑖 

𝑝𝑖 =
2 1− 2𝑐𝑖 

 𝐶𝑊𝑚𝑖𝑛 ,𝑖 −1  1− 2𝑐𝑖 + 𝐶𝑊𝑚𝑖𝑛 ,𝑖𝑐𝑖 1−  2𝑐𝑖 
𝑚𝑖 

 

𝑐𝑖: Collision probability of class 𝑖 

𝑐𝑖 = 1− (1 − 𝑝𝑖)
𝑁𝑖−1 (1−𝑝𝑗 )𝑁𝑗

𝑗≠𝑖

 

𝜋𝑖: stationary probability of being in zone 𝑖  

𝑐𝑖 =
𝜋𝑖

 𝜋𝑗
𝐾
𝑗=𝑖

 1−  1− 𝑝1  
𝑁1… 1 − 𝑝𝑖 

𝑁𝑖−1 +⋯+
𝜋𝐾

 𝜋𝑗
𝐾
𝑗=𝑖

 1 −  1 − 𝑝𝑖 
𝑁𝑖−1…  1− 𝑝𝐾 

𝑁𝐾  

𝛾𝑖: Throughput of class 𝑖 

𝛾𝑖 =
𝜋𝐴𝜎𝐴𝑝𝐴 1− 𝑝𝐴  

𝑁𝐴−1 + 𝜋𝐵𝜎𝐵𝑝𝐵 1− 𝑝𝐵 
𝑁𝐵−1 1− 𝑝𝐴 

𝑁𝐴

𝜋𝐴𝐸 𝑆𝐴 + 𝜋𝐵𝐸 𝑆𝐵 
 

 

𝛾𝑖: Collision probability of class 𝑖, 𝛽𝑖 : Attempt probability of class 𝑖 

𝛽𝑖 = 𝐺𝑖 𝛾𝑖 =
1 + 𝛾𝑖 +𝛾𝑖

2 + ⋯+𝛾𝑖
𝐾𝑖

𝑏𝑖,0 +𝑏𝑖,1𝛾𝑖 +𝑏𝑖,2𝛾𝑖
2 +⋯+𝑏𝑖,𝐾𝛾𝑖

𝐾𝑖
 

𝛾𝑖 = Γ 𝛽1, 𝛽2, … , 𝛽𝑛 = 1 −   1−𝛽𝑗  

𝑛

𝑗=1,𝑗≠𝑖

 

𝑞𝐸𝐴: The probability that the system is in the Excess AIFS mode (only high priority user) 

𝑞𝐸𝐴 =   1− 𝛽𝑖
(1)
 

𝑛(1)

𝑖=1

 

𝑞𝑅: The probability that the system is in the remaining AIFS zones 

𝑞𝑅 =   1 −𝛽𝑖
(1)
 

𝑛(1)

𝑖=1

  1 −𝛽𝑗
(0)
 

𝑛(0)

𝑖=𝑗

 

𝜋𝑖: Stationary probability of being in zone 𝑖 

𝜋𝐸𝐴 =
1 + 𝑞𝐸𝐴 +𝑞𝐸𝐴

2 +⋯+𝑞𝐸𝐴
𝑙−1

1 + 𝑞𝐸𝐴 + 𝑞𝐸𝐴
2 +⋯+ 𝑞𝐸𝐴

𝑙−1 +𝑞𝐸𝐴
𝑙 (1 − 𝑞𝑅) 

 

𝜋𝑅 =
𝑞𝐸𝐴
𝑙 (1− 𝑞𝑅) 

1 + 𝑞𝐸𝐴 +𝑞𝐸𝐴
2 +⋯+𝑞𝐸𝐴

𝑙−1 + 𝑞𝐸𝐴
𝑙 (1 − 𝑞𝑅) 

 

Thus, the collision probabilities of the classes: 

𝛾𝑖
(1)

= 𝜋𝐸𝐴  1 −   1− 𝛽𝑗
(1)
 

𝑛(1)

𝑗=1,𝑗 ≠𝑖

 +𝜋𝑅 1 −   1− 𝛽𝑗
(1)
 

𝑛(1)

𝑗=1,𝑗 ≠𝑖

  1− 𝛽𝑗
(0)
 

𝑛 (0)

𝑗=1

   

𝛾𝑖
(0)

= 1 −   1 −𝛽𝑗
(1)
 

𝑛(1)

𝑗=1

  1− 𝛽𝑗
(0)
 

𝑛(0)

𝑗=1,𝑗 ≠𝑖

  

 

 



𝜏: Transmit probability 

𝜏 =
2(1 − 2𝑝)

 1 − 2𝑝  𝑊 + 1 + 𝑝𝑊(1 − (2𝑝)𝑚)
 

𝑝: Conditional collision probability 

𝑝 = 1− (1− 𝜏)𝑛−1 

𝑃𝑡𝑟 : Probability of transmission on a channel 

𝑃𝑡𝑟 = 1 − (1− 𝜏)𝑛 

𝑃𝑠: Successful transmission probability 

𝑃𝑠 =
𝑛𝜏(1− 𝜏)𝑛−1

𝑃𝑡𝑟
=
𝑛𝜏(1− 𝜏)𝑛−1

1− (1 − 𝜏)𝑛
 

𝑆: Normalized system throughput 

𝑆 =
𝐸[𝑝𝑎𝑦𝑙𝑜𝑎𝑑 𝑖𝑛𝑓𝑜𝑟𝑚𝑎𝑡𝑖𝑜𝑛]

𝐸[𝑙𝑒𝑛𝑔𝑡𝑕 𝑜𝑓 𝑠𝑙𝑜𝑡 𝑡𝑖𝑚𝑒]
=

𝑃𝑠𝑃𝑡𝑟 𝐸[𝑃]

 1− 𝑃𝑡𝑟  𝜎 + 𝑃𝑠𝑃𝑡𝑟 𝑇𝑠 +𝑃𝑠(1 − 𝑃𝑡𝑟)𝑇𝑐
 

𝜎: slot time, 𝑇𝑠: duration of successful transmission, 𝑇𝑐: duration of collision, 𝐸[𝑃]: expected packet length 

 

𝛾: attempts, 𝛽: collision probability 

𝛽 = 𝐺 𝛾 =
𝐸[𝑅]

𝐸[𝑋]
=

1 + 𝛾 + 𝛾2 +⋯+ 𝛾𝐾

𝑏0 +𝑏1𝛾 + 𝑏2𝛾
2 + ⋯+𝑏𝐾𝛾

𝐾 

𝐸[𝑅]: expected attempts, 𝐸[𝑋]: expected renewal cycle, 𝑏𝑖: 𝐶𝑊 size of 𝑖th step 

𝛾 = Γ 𝛽 = 1− (1− 𝛽)𝑛−1 

For unbalanced fixed point case: 

𝛾𝑖 = 1−   1−𝐺 𝛾𝑗   

𝑛

𝑗 =1,𝑗≠𝑖

 

 

𝜋𝑖: Stationary probability of being in zone 𝑖 

𝜋𝐴 =
1 + 𝑞𝐴 +𝑞𝐴

2 +⋯+ 𝑞𝐴
𝑙−1

1 + 𝑞𝐴 +𝑞𝐴
2 +⋯+𝑞𝐴

𝑙−1 +𝑞𝐴
𝑙 (1 − 𝑞𝐵) 

 

𝜋𝐵 =
𝑞𝐴
𝑙 (1 − 𝑞𝐵) 

1 + 𝑞𝐴 +𝑞𝐴
2 + ⋯+𝑞𝐴

𝑙−1 +𝑞𝐴
𝑙 (1− 𝑞𝐵) 

 

𝑞𝑖: The probability that the slot is idle in zone 𝑖 

 

𝑃𝑖,𝑧𝑜𝑛𝑒𝐽 : The probability of being in zone 𝐽 for class 𝑖 

𝑃𝐴,𝑧𝑜𝑛𝑒 1 = 1− (1− 𝜏𝐴)𝑛𝐴 

𝑃𝐴,𝑧𝑜𝑛𝑒 2 = 1 −  1− 𝜏𝐴 
𝑛𝐴−1 1− 𝜏𝐵 

𝑛𝐵  

𝑃𝐵,𝑧𝑜𝑛𝑒 2 = 1−  1 − 𝜏𝐴 
𝑛𝐴 1− 𝜏𝐵 

𝑛𝐵−1 

𝑃 𝑧𝑜𝑛𝑒𝐽
𝑡𝑟 : The probability of at least one transmission in zone 𝐽  

𝑃 𝑧𝑜𝑛𝑒 1
𝑡𝑟 = 1 − (1− 𝜏𝐴)𝑛𝐴  

𝑃 𝑧𝑜𝑛𝑒 2
𝑡𝑟 = 1−  1 − 𝜏𝐴 

𝑛𝐴 1− 𝜏𝐵 
𝑛𝐵 
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