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GEC: BER = 0.00314 (p
G

 = 0.000783, p
B
 = 0.3339)             

QBC: M = 15, ε = 0.8259, p = 0.00314, α = 0.3818. 

GEC: BER = 0.005 (p
G

 = 0.00203, p
B
 = 0.4219)             

QBC: M = 9, ε = 0.7339, p = 0.005, α = 0.3629. 

GEC: BER = 0.004                
(p

G
 = 0.00134, p

B
 = 0.377)   

QBC: M = 12, ε = 0.7887, 
p = 0.004, α = 0.3182.     

GEC: BER = 0.006 (p
G

 = 0.00274, p
B
 = 0.4624)                

QBC: M = 8, ε = 0.7068, p = 0.006, α = 0.3097.    

GEC: BER = 0.008 (p
G

 = 0.00424, p
B
 = 0.5345)             

QBC: M = 6, ε = 0.6375, p = 0.008, α = 0.3326. 

GEC: BER = 0.009 (p
G

 = 0.00502, p
B
 = 0.5672)             

QBC: M = 5, ε = 0.5917, p = 0.009, α = 0.3943. 

GEC: BER = 0.01 (p
G

 = 0.00581, p
B
 = 0.598)             

QBC: M = 5, ε = 0.5882, p = 0.01, α = 0.3312. 

GEC: BER = 0.012 (p
G

 = 0.00741, p
B
 = 0.6555)             

QBC: M = 4, ε = 0.5279, p = 0.012, α = 0.3907. 

QBC
GEC
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GEC: BER = 0.103 (p
G

 = 0.00136, p
B
 = 0.4634)             

QBC: M = 4, ε = 0.6427, p = 0.103, α = 0.4769. 

GEC: BER = 0.11 (p
G

 = 0.00537, p
B
 = 0.481)             

QBC: M = 4, ε = 0.6412, p = 0.11, α = 0.4543. 

GEC: BER = 0.1178 (p
G

 = 0.01, p
B
 = 0.5)                   

QBC: M = 4, ε = 0.6397, p = 0.1178, α = 0.4319. 

GEC: BER = 0.13 (p
G

 = 0.0175, p
B
 = 0.5287)              

QBC: M = 4, ε = 0.6375, p = 0.13, α = 0.3993. 

GEC: BER = 0.15 (p
G

 = 0.0306, p
B
 = 0.5733)              

QBC: M = 4, ε = 0.6346, p = 0.15, α = 0.357. 

GEC: BER = 0.16 (p
G

 = 0.0374, p
B
 = 0.5946)             

QBC: M = 3, ε = 0.5672, p = 0.16, α = 0.5332.

GEC: BER = 0.17 (p
G

 = 0.0444, p
B
 = 0.6153)              

QBC: M = 3, ε = 0.5657, p = 0.17, α = 0.5178. 

GEC: BER = 0.18 (p
G

 = 0.0515, p
B
 = 0.6355)              

QBC: M = 3, ε = 0.5644, p = 0.18, α = 0.5045. 

QBC

GEC
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GC: BER = 0.005 (b = 0.000792, g = 0.0864)                 
QBC: M = 5, ε = 0.8126, p = 0.005, α = 0.3362. 

GC: BER = 0.01 (b = 0.00152, g = 0.0818)                  
QBC: M = 5, ε = 0.8134, p = 0.01, α = 0.3591. 

GC: BER = 0.015 (b = 0.00217, g = 0.0773) 

QBC: M = 5, ε = 0.8143, 
p = 0.015, α = 0.385.     

GC: BER = 0.02 (b = 0.00274, g = 0.0727) 

QBC: M = 5, ε = 0.8153, p = 0.02, α = 0.4142. 

GC: BER = 0.025 (b = 0.00325, g = 0.0682) 

QBC: M = 5, ε = 0.8163, p = 0.025, α = 0.4437.    

GC: BER = 0.03            
(b = 0.00367, g = 0.0636) 

QBC: M = 6, ε = 0.841, p = 0.03, α = 0.2893.     

GC

QBC
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GC: BER = 0.005 (b = 0.000434, g = 0.0647)                
QBC: M = 4, ε = 0.8846, p = 0.005, α = 0.2852 

GC: BER = 0.01 (b = 0.000847, g = 0.0627)                
QBC: M = 4, ε = 0.8849, p = 0.01, α = 0.2949 

GC: BER = 0.015 (b = 0.00124, g = 0.0607) 

GC: BER = 0.02 (b = 0.00161, g = 0.0587) 

GC: BER = 0.025 (b = 0.00195, g = 0.0567) 

GC: BER = 0.03            
(b = 0.00228, g = 0.0547) 

QBC: M = 4, ε = 0.8853, 
p = 0.015, α = 0.3079     

QBC: M = 4, ε = 0.8856, p = 0.02, α = 0.3177 

QBC: M = 4, ε = 0.886, p = 0.025, α = 0.3308 

QBC: M = 4, ε = 0.8864, p = 0.03, α = 0.3441 

GC

QBC
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GEC: BER = 0.085 (p
G

 = 0.00143, p
B
 = 0.8371) 

GEC: BER = 0.09 (p
G

 = 0.00425, p
B
 = 0.8618) 

GEC: BER = 0.095 (p
G

 = 0.00714, p
B
 = 0.8857) 

QBC: M = 4, ε = 0.9294, p = 0.1, α = 0.2911. 

QBC: M = 6, ε = 0.9557, 
p = 0.085, α = 0.3933.    

QBC: M = 5, ε = 0.9456, 
p = 0.09, α = 0.3456.     

QBC: M = 4, ε = 0.9312, p = 0.095, α = 0.3837. 

GEC: BER = 0.1 (p
G

 = 0.0101, p
B
 = 0.909) 

GEC: BER = 0.11              
(p

G
 = 0.0162, p

B
 = 0.9538) 

QBC: M = 3, ε = 0.9084, p = 0.11, α = 0.4793. 

QBC

GEC
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GC: BER = 0.005 (b = 0.000276, g = 0.0521)                
QBC: M = 2, ε = 0.9245, p = 0.005, α = 0.3606 

GC: BER = 0.01 (b = 0.000549, g = 0.0516) 

GC: BER = 0.015 (b = 0.000819, g = 0.0511) 

GC: BER = 0.02 (b = 0.00109, g = 0.0505) 

GC: BER = 0.025 (b = 0.00135, g = 0.05) 

GC: BER = 0.03            
(b = 0.00161, g = 0.0495) 

QBC: M = 2, ε = 0.9246, 
p = 0.01, α = 0.3625      

QBC: M = 2, ε = 0.9247, 
p = 0.015, α = 0.3645     

QBC: M = 2, ε = 0.9248, p = 0.02, α = 0.3664 

QBC: M = 2, ε = 0.925, p = 0.025, α = 0.3704 

QBC: M = 2, ε = 0.9251, p = 0.03, α = 0.3723 

GC

QBC
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GC: P = 0.3000, p = 0.5000,   
    h = 0.9200,               
BER = 0.0300, Cor = 0.0103;   
QBC: M = 1, ε = 0.0103,
     p = 0.0300, α = 1.  

GC: P = 0.0200, p = 0.1800,       
    h = 0.7000,                   
BER = 0.0300, Cor = 0.2227;       
QBC: M = 4, ε = 0.4948,    
     p = 0.0300, α = 0.4189. 

GEC: b = 0.00103, g = 0.8338,    
   p

G
 = 0.00259, p

B
 = 0.4523,  

   BER = 0.00314, Cor = 0.0131;  
QBC: M = 2, ε = 0.0145,   
   p = 0.00314, α = 0.1054. 

GEC: b = 0.0000333, g = 0.00466,
   p

G
 = 0.00741, p

B
 = 0.6555, 

   BER = 0.0120, Cor = 0.2480;  
QBC: M = 4, ε = 0.5279,  
   p = 0.0120, α = 0.3907. 
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(b)

QBC, SP UB
QBC, RC LB
GEC, SP UB, n=21
GEC, RC LB, n=21

QBC, SP UB
QBC, RC LB
GEC, SP UB, n=21
GEC, RC LB, n=21

QBC, SP UB
QBC, RC LB
GEC, SP UB, n=21
GEC, RC LB, n=21

QBC, SP UB
QBC, RC LB
GC, SP UB
GC, RC LB
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GC: P = 0.3000, p = 0.5000,   
    h = 0.9200,               
BER = 0.0300, Cor = 0.0103;   
QBC: M = 1, ε = 0.0103,
     p = 0.0300, α = 1.  

GC: P = 0.0200, p = 0.1800,       
    h = 0.7000,                   
BER = 0.0300, Cor = 0.2227;       
QBC: M = 4, ε = 0.4948,    
     p = 0.0300, α = 0.4189. 

GEC: b = 0.00103, g = 0.8338,    
   p

G
 = 0.00259, p

B
 = 0.4523,  

   BER = 0.00314, Cor = 0.0131;  
QBC: M = 2, ε = 0.0145,   
   p = 0.00314, α = 0.1054. 

GEC: b = 0.0000333, g = 0.00466,
   p

G
 = 0.00741, p

B
 = 0.6555, 

   BER = 0.0120, Cor = 0.2480;  
QBC: M = 4, ε = 0.5279,  
   p = 0.0120, α = 0.3907. 
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(b)

QBC, SP UB
QBC, RC LB
GC, SP UB
GC, RC LB

QBC, SP UB
QBC, RC LB
GC, SP UB
GC, RC LB

QBC, SP UB
QBC, RC LB
GEC, SP UB, n=21
GEC, RC LB, n=21

QBC, SP UB
QBC, RC LB
GC, SP UB
GC, RC LB
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GEC, fitting DCCA with SNR = 15 dB
DCCA with SNR = 15dB

QBC: M = 20, ε = 0.8593, 
p = 0.0297, α = 0.8959;
GEC: b = 0.0000339, g = 0.000479,
p

B
 = 0.3393, p

G
 = 0.00783.

QBC: M = 11, ε = 0.7602, 
p = 0.0297, α = 0.3828;
GEC: b = 0.000841, g = 0.0118,
p

B
 = 0.3393, p

G
 = 0.00766.

QBC: M = 7, ε = 0.6556, 
p = 0.0297, α = 0.3387;
GEC: b = 0.00329, g = 0.045,
p

B
 = 0.3395, p

G
 = 0.00713.

QBC: M = 2, ε = 0.0893, 
p = 0.0297, α = 0.131;
GEC: b = 0.0324, g = 0.7466,
p

B
 = 0.5199, p

G
 = 0.00849.

QBC: M = 18, ε = 0.8506, 
p = 0.00314, α = 0.2607;
GEC: b = 0.0000333, g = 0.00466,
p

B
 = 0.3339, p

G
 = 0.000783.

QBC: M = 6, ε = 0.6226, 
p = 0.00314, α = 0.2525;
GEC:    b = 0.000773, g = 0.1014,
p

B
 = 0.334, p

G
 = 0.000622.

QBC: M = 4, ε = 0.4666, 
p = 0.00314, α = 0.2019;
GEC: b = 0.0025, g = 0.2887,
p

B
 = 0.3343, p

G
 = 0.000279.

QBC: M = 2, ε = 0.0145, 
p = 0.00314, α = 0.1054;
GEC: b = 0.00103, g = 0.8338,
p

B
 = 0.4523, p

G
 = 0.00259.
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QBC, fitting DCCA with SNR = 15 dB and K
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GEC, fitting DCCA with SNR = 15 dB and K

R
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DCCA with SNR = 15dB and K
R

 = 5 dB

GEC: b = 0.00000259, g = 0.000139,
p

B
 = 0.3112, p

G
 = 0.00289       

GEC: b = 0.0000646, g = 0.00347,  
p

B
 = 0.3113, p

G
 = 0.00288       

GEC: b = 0.000257, g = 0.0137,   
p

B
 = 0.3115, p

G
 = 0.00284       

QBC: M = 18, ε = 0.8195, 
p = 0.00853, α = 0.9619    

QBC: M = 17, ε = 0.8054, 
p = 0.00853, α = 0.3971    

QBC: M = 11, ε = 0.7219, 
p = 0.00853, α = 0.3299    

GEC: b = 0.00542, g = 0.2533,
p

B
 = 0.3185, p

G
 = 0.0019   

QBC: M = 3, ε = 0.3426, 
p = 0.00853, α = 0.3726   
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