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Abstract— In this work, parametric analysis of 
IoT sensor packet error probability and required 
number of packet retransmissions based on 
automatic repeat request technique is presented. 
The study seeks to evaluate how the packet size 
affect the required bit error probability (BEP), the 
packet error probability (PEP) and also the 
number of packet retransmission required for a 
wireless IoT sensor network. The essence of the 
study is to help in the selection of appropriate 
error performance value for different packet sizes. 
The expression for determination of PEP and the 
expected number of transmission, 𝑵𝒕𝒓𝒂𝒏𝒔  for 
successful delivery of a packets with size Npbit  
are presented. The results show that, for a given 
BEP, the PEP increases as the packet size, 𝑵𝒑𝒃𝒊𝒕 
increases. For instance, for BEP = 1.00E-02, the 
PEP increased from a value of 7.73E-02  (or 
0.0773)  for 𝑵𝒑𝒃𝒊𝒕 = 8 bits to a value of 9.82E-01 (or 
0.9820) for 𝑵𝒑𝒃𝒊𝒕  = 8 bits. Also, the simulation 
results showed that BEP of one packet error in 
10,000 pickets (that is PEP of 1.00E-04)  is attained 
with BER of one bit error in 10,000 bits (that is 
BEP of 1.00E-04)   for Nbit of 8 bits. However, for  
Nbit of 80 bits, PEP of 1.00E-04 is attained   with 
BEP of 1.00E-05; for  Nbit of 400 bits and above, 
PEP of 1.00E-04 is attained   with BEP of 1.00E-06. 
Hence, it requires a lower BEP to attain the same 
PEP as the packet size increases. Finally, the 
results show that for a given number of 
transmission, the value of PEP is constant 
irrespective of the packet size. However, for a 
given BEP the value of PEP increases with 
increase in packet size. Hence, it requires lower 

BEP to attain the same PEP with higher packet 
size. 
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1. INTRODUCTION 

As the internet of sensor network in increasingly 
deployed in diverse applications, researchers and designers 
are faced with the challenges of satisfying the network 
requirement with acceptable Quality of Service (QoS) 
[1,2,3,4]. Some key network QoS parameters  are the bit 
error probability (BEP) and packet error probability (PEP) 
[5,6,7]. The two parameters a related and they are used to 
determine the number of transmissions that must be done 
before the packet is successfully delivered.  

Notably, available studies have shown that the 
PEP is related to the BEP via an expression that includes 
the packet size [8,9]. Also, the automatic repeat request 
technique used in network applications requires a number 
of retransmissions to be done when error occurs before the 
packet can be successfully delivered [10,11]. In this study, 
the effect of packet size and the BEP on the PEP and the 
number of retransmission required in an IoT sensor network 
is presented. The study specifically seeks to evaluate how 
the packet size affect the required bit error probability 
(BEP), the packet error probability (PEP) and also the 
number of packet retransmission required for a wireless IoT 
sensor network. The essence of the study is to help in the 
selection of appropriate error performance value for 
different packet sizes. 
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2. METHODOLOGY 

2.1  The packet error probability and number of 
transmission for ARQ technique 

The packet error probability (PEP) is given in respect of 
the bit error probability (BEP)  and packet size in bits 
(Npbit) as follows  [8,9] 

𝑃𝐸𝑃    ൌ 1 െ ሺ1 െ BEPሻሺ୮ୠ୧୲ሻ          (1) 

In the ARQ technique, the expected number of 
transmission, 𝑁௧௦  for successful delivery of a packets 
with size Npbit and with Bit Error Probability BEP is 
given as [10,11] 

 𝑁௧௦     ൌ  
ଵ

ሺଵିሻቀಿ್ቁ
 ൌ  

ଵ

ଵିா
         (2) 

2.2 Determination of bit error probability (BEP) and 
packet error probability (PEP)  for a specified 
number of retransmission in  ARQ technique 

The expected number of transmission, 𝑁௧௦  includes 
retransmission. Hence, for any single packet, the number of 
retransmission,  𝑁𝑅௧௦ is given as; 

 𝑁𝑅௧௦ ൌ  𝑁௧௦ െ 1 ൌ  ቈ
ଵ

ሺଵିሻቀಿ್ቁ
 െ 1        (3) 

𝑁𝑅௧௦ ൌ  𝑁௧௦ െ 1 ൌ  ቂ
ଵ

ଵିா
ቃ െ 1         (4) 

  𝑁௧௦ ൌ 𝑁𝑅௧௦  1           (5) 

Specifically, 𝑁𝑅௧௦  represents the number of 
retransmissions for a single transmission before a packet of 
size 𝑁௧ is successfully delivered. The packet size, 𝑁௧  
determines the required BEP for a specified  𝑁𝑅௧௦ . 
Hence, for any given bit, 𝑁௧ , from Equation 2, the 
following expressions apply for determination of the 
required BEP and PEP;  

   1 െ 𝑃𝐸𝑃 ൌ  
ଵ

ேೝೌೞ 
ൌ  

ଵ

ሺଵିሻቀಿ್ቁ
          (6) 

   𝑃𝐸𝑃 ൌ 1 െ ቂ
ଵ

ேೝೌೞ 
ቃ  ൌ 1 െ ቂ

ଵ

ேோೝೌೞ ାଵ 
ቃ                     (7) 

 

    ሺ1 െ BEPሻ൫ே್൯ ൌ  
ଵ
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ேೝೌೞ 
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భ
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(10) 

It must be noted that 𝑁𝑅௧௦  means the number of 
retransmission required for every single packet transmitted. 
Hence, Hence, if the number is state with respect to number 
of packets transmitted, the total number n=must be scaled 
down to one packet to obtain the actual value of 𝑁𝑅௧௦. 
For instance, if it is specified that one (1) retransmission is 
required for every 1000 packets delivered, then, the total 
number is 1000+1 = 1001 which when scaled to 1 gives 

𝑁௧௦ =1001/1000 = 1.001 where 1.001-1 = 0.001 if the 
value of 𝑁𝑅௧௦. That is, for the stated scenario, there is 
0.001 or 10ିଷ    retransmissions for each packet to be 
successfully delivered. 

3.  RESULTS AND DISCUSSION  

Some sample computations are conducted for evaluating 
the PEP and 𝑁௧௦ as functions of BEP and   𝑁௧. The 
results of this particular set of computations are useful in 
understanding how the packet error probability, PEP and 
the number of packet transmission, 𝑁௧௦  vary with the bit 
error probability, BEP for any given packet size, 𝑁௧.  

The results for the Packet Error probability, PEP versus bit 
error probability, BEP and packet size, 𝑁௧ are shown in 
Table 1. The graph of   PEP versus   BEP for different 
packet size, 𝑁௧ is shown in Figure 1 while the graph of   
PEP versus packet size, 𝑁௧ for BEP = 1.00E-02 is shown 
in Figure 2. The results show that, for a given bit error 
probability, BEP, Packet Error probability, PEP increases 
as the packet size, 𝑁௧ increases. For instance, for BEP = 
1.00E-02 , the PEP increased from a value of 7.73E-02  (or 
0.0773)  for 𝑁௧  = 8 bits to a value of 9.82E-01 (or 
0.9820) for 𝑁௧  = 8 bits.  Also, the PEP is directly 
proportional to BEP; hence, as BEP decreases the PEP 
decreases. Specifically, the simulation results showed that 
BEP of one packet error in 10,000 pickets (that is PEP of 
1.00E-04)  is attained with BER of one bit error in 10,000 
bits (that is BEP of 1.00E-04)   for Nbit of 8 bits. However, 
for  Nbit of 80 bits, PEP of 1.00E-04 is attained   with BEP 
of 1.00E-05; for  Nbit of 400 bits and above, PEP of 1.00E-
04 is attained   with BEP of 1.00E-06. Hence, it requires a 
lower BEP to attain the same PEP as the packet size 
increases.  

 

The results for the Number of transmissions,  𝑁௧௦ versus 
bit error probability, BEP and packet size, 𝑁௧ are shown 
in Table 2. The graph number of transmissions versus bit 
error probability, BEP for 8 bit packet size is shown in 
Figure 3 while the graph of   number of transmissions, 
Ntrans  versus packet size, Npbit for BEP = 1.00E-03  is 
shown in Figure 4. The results show that, for a given bit 
error probability, BEP, the number of transmissions, Ntrans 
increases as the packet size, 𝑁௧ increases. For instance, 
for BEP = 1.00E-03, the value of Ntrans increased from 
1.0837 for 𝑁௧ = 8 bits to a value of 55.7086 for 𝑁௧ = 
400 bits. Specifically, the simulation results showed that the 
number of transmissions, Ntrans of 1.008 is attained with 
BER of one bit error in 10,000 bits (that is BEP of 1.00E-
04)   for Nbit of 8 bits. However, for Nbit of 80 bits, Ntrans 
of 1.008 is attained   with BEP of 1.00E-05; for  Nbit of 
400 bits and above, Ntrans of 1.008 is attained   with BEP 
of 1.00E-06. Hence, it requires a lower BEP to attain the 
same Ntrans as the packet size increases.  

 

 

Table 1  Packet Error probability, PEP versus bit error probability, BEP and packet size, 𝑁௧ 
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BEP PEP for 8 bit packet PEP for 80 bit packet 
PEP for 400 bit 

packet 
PEP for 800 bit 

packet 

1.00E-01 5.70E-01 1.00E+00 1.00E+00 1.00E+00 
1.00E-02 7.73E-02 5.52E-01 9.82E-01 1.00E+00 

1.00E-03 7.97E-03 7.69E-02 3.30E-01 5.51E-01 

1.00E-04 8.00E-04 7.97E-03 3.92E-02 7.69E-02 

1.00E-05 8.00E-05 8.00E-04 3.99E-03 7.97E-03 

1.00E-06 8.00E-06 8.00E-05 4.00E-04 8.00E-04 

1.00E-07 8.00E-07 8.00E-06 4.00E-05 8.00E-05 

1.00E-08 8.00E-08 8.00E-07 4.00E-06 8.00E-06 

1.00E-09 8.00E-09 8.00E-08 4.00E-07 8.00E-07 

1.00E-10 8.00E-10 8.00E-09 4.00E-08 8.00E-08 

1.00E-11 8.00E-11 8.00E-10 4.00E-09 8.00E-09 

1.00E-12 8.00E-12 8.00E-11 4.00E-10 8.00E-10 

1.00E-13 8.00E-13 8.00E-12 4.00E-11 8.00E-11 

1.00E-14 7.99E-14 7.99E-13 4.00E-12 7.99E-12 

1.00E-15 7.99E-15 7.99E-14 4.00E-13 7.99E-13 

1.00E-16 0.00E+00 8.88E-15 4.44E-14 8.88E-14 

1.00E-17 0.00E+00 0.00E+00 0.00E+00 0.00E+00 

1.00E-18 0.00E+00 0.00E+00 0.00E+00 0.00E+00 

1.00E-19 0.00E+00 0.00E+00 0.00E+00 0.00E+00 

1.00E-20 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 

 

Figure 1  The graph of Packet Error probability, PEP versus bit error probability, BEP for different packet size, 𝑁௧ 
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Figure 2  The graph of Packet Error probability, PEP versus packet size, 𝑁௧ for BEP = 1.00E-02 

 

Table 2  Number of transmissions,  𝑁௧௦ versus bit error probability, BEP and packet size, 𝑁௧ 

BEP 
No. of Transmission 

for 8 bit packet 
No. of Transmission 

for 80 bit packet 
No. of Transmission for 

400 bit packet 

No. of 
Transmission for 

800 bit packet 

1.00E-01 2.323057 4577.193 2.00908E+18 4.03638E+36 

1.00E-02 1.083723 2.234521 55.70858929 3103.446921 

1.00E-03 1.008036 1.08333 1.492123292 2.226431917 

1.00E-04 1.0008 1.008032 1.040812856 1.083291401 

1.00E-05 1.00008 1.0008 1.004008031 1.008032126 

1.00E-06 1.000008 1.00008 1.00040008 1.00080032 

1.00E-07 1.000001 1.000008 1.000040001 1.000080003 

1.00E-08 1 1.000001 1.000004 1.000008 

1.00E-09 1 1 1.0000004 1.0000008 

1.00E-10 1 1 1.00000004 1.00000008 

1.00E-11 1 1 1.000000004 1.000000008 

1.00E-12 1 1 1 1.000000001 

1.00E-13 1 1 1 1 

1.00E-14 1 1 1 1 

1.00E-15 1 1 1 1 

1.00E-16 1 1 1 1 

1.00E-17 1 1 1 1 

1.00E-18 1 1 1 1 

1.00E-19 1 1 1 1 

1.00E-20 1 1 1 1 
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Figure 3 The number of transmissions versus bit error probability, BEP for 8 bit packet size 

 

 

Figure 4  Number of transmissions, Ntrans  versus packet size, Npbit for BEP = 1.00E-03

 

Next, the BEP and PEP are evaluated as function of 
𝑁𝑅௧௦  and 𝑁௧ . The results of this particular set of 
computations are useful in understanding how the bit error 
probability, BEP can be selected to be suitable for any 
selected number of packet transmission, 𝑁𝑅௧௦  and 
packet size, 𝑁௧ . The results for BEP and PEP versus 
𝑁௧  for 𝑁௧௦  = 1.001 and 𝑁ோ௧௦ = 0.001= 10ିଷ   are 
presented in Table 3 and Figure 5. The results show that for 
a given 𝑁௧௦  (say 𝑁௧௦ = 1.001) the value of  PEP is 
constant for all the packet sizes but the required BEP to 
attain the given PEP decreases with increase in packet size. 
In this case, the required BEP to attain 𝑁௧௦  = 1.001 
decreased from a value of 1.25E-04 for packet size of 8 bits 
to a value of 1.25E-06 for packet size of 800 bits. 

The results for BEP versus 𝑁௧  for   𝑁ோ௧௦= 0.1, 0.01, 
0.001 and 0.0001 are presented in Table 4 and Figure 6. 
The results show that for a given number of retransmission, 
NRtrans  the required BEP decreases as packet size, Npbits 
increases.  In essence, lower BER is required for a given 
NRtrans  as the packet size increases. 

The results for PEP versus 𝑁௧  for   𝑁ோ௧௦= 0.1, 0.01, 
0.001 and 0.0001 are presented in Table 5 and Figure 7. 
The results show that for a given number of retransmission, 
NRtrans  the required PEP is constant for all the packet 
sizes.    
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Table 3 The BEP and PEP versus 𝑁௧ for 𝑁௧௦ = 1.001 and 𝑁ோ௧௦= 0.001= 10ିଷ 

Npbits BEP PEP 

8 1.25E-04 9.99E-04 

80 1.25E-05 9.99E-04 

400 2.50E-06 9.99E-04 

800 1.25E-06 9.99E-04 

 

 

Figure 5 The graph of BEP and PEP versus 𝑁௧ for 𝑁௧௦ = 1.001 and 𝑁ோ௧௦= 0.001= 10ିଷ 

 

 

Table 4  BEP versus 𝑁௧ for   𝑁ோ௧௦= 0.1, 0.01, 0.001 and 0.0001 
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800 1.19E-04 1.24E-05 1.25E-06 1.25E-07 
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Figure 6 Graph of BEP  versus 𝑁௧ for   𝑁ோ௧௦= 0.1, 0.01, 0.001 and 0.0001 

 

 

Table 5   PEP versus 𝑁௧ for   𝑁ோ௧௦= 0.1, 0.01, 0.001 and 0.0001 

Npbits PEP for NRtrans =0.1 PEP for NRtrans =0.01 PEP for NRtrans =0.001 PEP for NRtrans =0.0001 

8 9.09E-02 9.90E-03 9.99E-04 1.00E-04 

80 9.09E-02 9.90E-03 9.99E-04 1.00E-04 

400 9.09E-02 9.90E-03 9.99E-04 1.00E-04 

800 9.09E-02 9.90E-03 9.99E-04 1.00E-04 

 

 

Figure 7 Graph of PEP versus 𝑁௧ for   𝑁ோ௧௦= 0.1, 0.01, 0.001 and 0.0001 

4. CONCLUSION 

The effect of packet size, and bit error probability, BEP on 
the packet error probability, PEP and the number of 
transmission and retransmission for successful delivery of a 
packet are presented. The requisite mathematical 

expressions for computing the PEP for any given BEP and 
packet size are presented along with the expressions for 
computing the number of transmissions and retransmissions 
for any given PEP value. The results show that for a given 
number of transmission, the value of PEP is constant 
irrespective of the packet size. However, for a given BEP 
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the value of PEP increases with increase in packet size. 
Hence, it requires lower BEP to attain the same PEP with 
higher packet size. 
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