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Abstract— In this paper, evaluation of data 
delivery success ratio for LoRa-based sensor 
node is presented. The analytical expression for 
computing the required signal to noise ratio 
(SNR), bit error probability (BER), data delivery 
success ratio, successfully delivered data packet 
sizes for different payload sizes were presented. 
Some numerical computations for the analysis are 
performed for a bandwidth of 125 kHz, coding rate 
of 1 and payload size ranging from 10 to 50 bytes. 
The results showed the spreading factor, SF of 12 
with the best sensitivity (lowest sensitivity value 
of)  of -137 dBm  has  the lowest required  SNR 
value of -20 dBm. On the other hand, the results 
show that the lowest Eb/No value of  5.072 dBm  
occurred for Spreading Factor, SF of 10 and this 
resulted in SF of 10 having the worst (or highest) 
bit error value of 1.76E-02. The results of data 
delivery success ratio, 𝑹𝑺𝒖𝒄𝒄 ሺ%ሻ   versus 
Spreading Factor, for payload size of 10, 20, 30, 40 
and 50 bytes show that the SF of 10 has the 
lowest data delivery success ratio and this also 
reflected in the lowest successfully delivered data 
packet results for SF of 10. In essence, SF of 10 is 
the worst LoRa transceiver configuration when it 
comes to bit error probability and data delivery 
success ratio. In any case, for a given bit error 
rate, the data delivery success ratio decreases 
with increases in payload size. 
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1. Introduction
As LoRa transceiver technologies continues to attract the 
attention of wireless sensor network designers and 
researchers due to its long range and low power capabilities 
[1,2,3,4,5,6,7,8,9,10,11,12], it is essential to properly 
understand some aspect of the transceiver that may impact 
on the quality of service of such transceivers. Notably, for 
any give LoRa transceiver spreading factor and bandwidth 

there is a specific receiver sensitivity which can be used to 
determine its bit error performance [13,14,15,16,17,18].  
Furthermore, available published research articles have also 
presented analytical formulas which can be used to 
determine the data delivery success ratio for any gibe bit 
error probability [19,20,21,22]. As such, this paper applied 
the ideas from the various published research articles to 
presented analytical models for evaluating the data delivery 
performance of LoRa transceiver-based sensor node. 
Specifically, the paper seeks to examine the impact of 
spreading factor and payload size on the bit error 
performance and also on the data delivery performance. 
Some numerical computations are used to demonstrate the 
applicability of the models for a case study LoRa 
transceiver operating in 125 kHz bandwidth and coding rate 
of 1. The detail analytical models, the results and discussion 
of the results are presented in the paper. 
2. Methodology
The study is focused on how the spreading factor and 
payload size affect the bit error rate and data delivery for a 
LoRa transceiver-based wireless sensor node. Let denote 
the LoRa sensitivity,  BW denotes bandwidth with possible 
values of 125 kHz, 250 kHz and 500 kHz,  NF denotes 
noise figure with value of 6 and SNR is the signal to noise 
ratio, then the bit error probability or bit error rate (BER) is 
determined as follows; 

𝑆௅௢ோ௔ ൌ  െ174 ൅ 10 logଵ଴ሺ𝐵𝑊ሻ ൅ 𝑁𝐹 ൅ 𝑆𝑁𝑅  (1) 
Hence; 

 𝑆𝑁𝑅 ൌ 𝑆௅௢ோ௔ ൅ 174 െ 10 logଵ଴ሺ𝐵𝑊ሻ െ 𝑁𝐹  (2) 
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Where 𝑛𝐶𝑅 is the coding rate with possible values of 1,2,3 
and 4. 
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When the bit error probability or bit error rate (BER) is 
known, the data delivery success ratio, 𝑅ௌ௨௖௖ is given as; 
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Where Pcoll denotes the probability of collision at the 
media access control layer. In this study 𝑷𝒄𝒐𝒍𝒍 =  0. Also, 
𝐵௣௔௬௅ denotes the payload data   

𝐵௣௟ௗ௕ denotes the successfully delivered payload data 
𝐵௛௘௔ௗ௅ denotes the packet header and it has a value of 20-
bits or 2.5 bytes 
𝐵ௗ௔௧௔௅ denotes the total packet which consists of the 
payload and all the overhead data and it is defined as; 

𝐵ௗ௔௧௔௅  =  𝑩𝒑𝒂𝒚𝑳 ൅ 13   (7) 

𝐵௛௘௔ௗ௅ ൌ 20 𝑏𝑖𝑡𝑠 ൌ 2.5 𝑏𝑦𝑡𝑒𝑠    (8) 
Then; 
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3. Results and discussion 
Some numerical computations for the analysis are 
performed for a bandwidth of 125 kHz, coding rate of 1 and 
payload size ranging from 10 to 50 bytes. The results of Bit 
Error Rate (BER), Required SNR (dBm) and Eb/No (dBm) 
versus Spreading Factor, SF are shown in Table 1. Also, 
Table 1 and also Figure 1 show the LoRa receiver 
sensitivity for the various spreading factors considered. 
According to the LoRa receiver sensitivity values in Table 
1 and Figure 1 SF of 12 has the best sensitivity of -137 
dBm. The results of the required SNR (dBm)  in Table 1 
and figure 2 show that SF of 12 has  the lowest required  
SNR value of -20 dBm. 
The results of the Eb/No (dBm)  versus Spreading Factor, 
SF in Figure 3 and Table 1 show that the lowest Eb/No 
value of  5.072 dBm  occurred for Spreading Factor, SF of 
10 and this resulted in SF of 10 having the worst (or 
highest) bit error value of 1.76E-02, as shown in Figure 4 
and Table 1. The results of data delivery success ratio, 
𝑅ௌ௨௖௖ ሺ%ሻ  versus Spreading Factor, SF are shown in Table 
2 and Figure 5 for payload size of 10, 20, 30, 40 and 50 
bytes. The results show that in all the payload sizes 
considered, the SF of 10 has the lowest data delivery 
success ratio. This also reflected in the lowest successfully 
delivered data packet results shown in Table 3 and Figure 6. 
In essence, SF of 10 is the worst LoRa  transceiver 
configuration when it comes to bit error probability and 
data delivery success ratio. In any case, for a given bit error 
rate, the data delivery success ratio decreases with increases 
in payload size. 

 
Table 1 The results of Bit Error Rate (BER), Required SNR 

(dBm) and Eb/No (dBm) versus Spreading Factor, SF 

SF,  
Spreading 
Factor  

LoRa 
Receiver 
sensitivity 
(dBm) for 
BW = 125 

kHz 

Bit Error 
Rate 
(BER)    

Required 
SNR 
(dBm)   

Eb/No 
(dBm)   

7  ‐124  5.78E‐03  ‐7  6.590 

8  ‐127  8.97E‐03  ‐10  6.021 

9  ‐130  1.29E‐02  ‐13  5.519 

10  ‐133  1.76E‐02  ‐16  5.072 

11  ‐135  5.92E‐03  ‐18  5.668 

12  ‐137  1.28E‐03  ‐20  6.3009 

 

 
Figure 1 The graph of LoRa receiver sensitivity versus 

Spreading Factor, SF 
 

 
Figure 2 The graph of required  SNR (dBm)  versus 

Spreading Factor, SF 
 
 

 
Figure 3 The graph of  Eb/No (dBm)  versus Spreading 

Factor, SF 
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Figure 4  The graph of Bit Error Rate (BER) versus Spreading Factor, SF 

 
Table 2 The results of data delivery success ratio, 𝑅ௌ௨௖௖ ሺ%ሻ  versus Spreading Factor, SF 

Spreading Factor , 
SF 

Ruscc (%) for  
payload of 10 

bytes 

Ruscc (%) for  
payload of 20 

bytes 

Ruscc (%) for   
payload of 30 

bytes 

Ruscc (%) for   
payload of 40 

bytes 

Ruscc (%) for   
payload of 50 

bytes 

7  0.861978  0.801736  0.745703  0.693587  0.645113 

8  0.793852  0.709303  0.633759  0.566261  0.505951 

9  0.716455  0.608904  0.517499  0.439815  0.373792 

10  0.634897  0.5087  0.407586  0.326571  0.261658 

11  0.858838  0.797394  0.740345  0.687378  0.638201 

12  0.967799  0.952469  0.937382  0.922535  0.907922 

 

 
Figure 5 The graph of data delivery success ratio, 𝑅ௌ௨௖௖ ሺ%ሻ versus Spreading Factor, SF 
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Table 3 The results of successfully delivered payload data, Bpldb (bytes) versus Spreading Factor, SF 

SF,  Spreading Factor 
Bpldb (byte) for 
payload  of 10 

bytes 

Bpldb (byte) for 
payload  of 20 

bytes 

Bpldb (byte) for 
payload  of 30 

bytes 

Bpldb (byte) for 
payload  of 40 

bytes 

Bpldb (byte) for 
payload  of 50 

bytes 

7  8.620  16.035  22.371  27.743  32.256 

8  7.939  14.186  19.013  22.650  25.298 

9  7.165  12.178  15.525  17.593  18.690 

10  6.349  10.174  12.228  13.063  13.083 

11  8.588  15.948  22.210  27.495  31.910 

12  9.678  19.049  28.121  36.901  45.396 

 

 
Figure 6 The graph of Successfully delivered payload data, Bpldb (bytes) versus Spreading Factor, SF 

4 Conclusion 
Analysis of the effect of spreading factor and payload size 
on bit error performance and data delivery performance of 
wireless sensor node using LoRa transceiver for its data 
transmission is presented. Numerical computations for a 
bandwidth of 125 kHz show that the spreading factor of 10 
has the worst bit error performance and data delivery 
performance. Also, for a given bit error rate, the data 
delivery success ratio decreases with increases in payload 
size. 
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