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Abstract— In this paper, analysis of energy per 
bit to noise power spectral density  𝐄𝐛/𝐍𝐨   and 
operating system margin (SOM) for LoRa-based 
wireless sensor network with any specified bit 
error rate (BER) performance is presented. 
Semtech SX1272 LoRa transceiver parameters 
were used for numerical examples. The results 
showed that for any given BER, the Eb/No 
decreases with increase in the spreading factor 
(SF) and for a given SF, the Eb/No increases with 
decrease in BER. For BER = 1.0E-06, the SF 7 has 
the highest Eb/No value of 7.832 dB while for the 
same BER = 1.0E-06 the SF 12 has the least Eb/No 
value of 6.770 dB.  Also, the SF 7 has the least 
Eb/No value of 6.770 dB for BER = 1.0E-06 and the 
same SF7 has the highest Eb/No value of 10.061 
dB for BER = 1.0E-15. In addition, the results 
showed that the value of SOM peaked at SF value 
of 10. Hence, for any given BER, the SOM 
increases for SF = 7 to SF = 10 and then the SOM 
decreases for SF = 10 to SF = 12. The results are 
useful in selecting LoRa communication link 
parameters to achieve any specified BER 
performance.  

Keywords— Energy Per Bit To Noise Power 
Spectral Density, Operating System Margin,  Bit 
Error Rate, Lora Transceiver,  Wireless Sensor 
Network 

 
1. Introduction 

Wireless sensor communication networks are widely used 
nowadays for diverse purposes including monitoring 
various environmental systems and processes, smart 
systems applications, Internet of Things applications, 

among others [1,2, 3,4, 5,6, 7,8, 9,10, 11,12, 13, 14, 15, 16, 
17]. Such sensor networks are presently implemented using 
different transceiver technologies. LoRa is among the most 
widely used transceiver technology for wireless sensor 
communication applications 
[18,19,20,21,22,23,24,25,26,27,28,29].  In some 
applications that require high level quality of service, the 
Bit Error Rate (BER) of such sensor communication 
networks are specified and must be satisfied by careful 
selection of the link parameters [30,31,32,33,34,35]. In this 
case, the LoRa transceiver parameters must be used to 
determine the link parameter values that will ensure that the 
required quality of service is met.  
Particularly, for any given BER specification, there is 
corresponding required carrier to nose ratio, the operating 
energy per bit to noise power spectral density Eb/No   and 
the operating system margin (SOM) values that must be 
satisfied by the LoRa-based sensor node communication 
link [36,37,38,39,40,41,42,43,44]. Hence, in this paper, the 
determination of the requisite link parameters for any BER 
specification is presented. The SEMTECH SX1272 LoRa 
transceiver datasheet specifications were used for sample 
computation 46,47,48,49,50,51]. The parameter values 
were computed for the LoRa spreading factors 7, 8, 9, 10, 
11 and 12 operating in the 125 KHz bandwidth category. 
The essence of the study is to provide requisite ideas on 
how to determine LoRa-based sensor node parameters to 
achieve any given BER quality of service specification. 

 
2. Methodology 

When the bit error performance of a LoRa-Based sensor 
network is given, the operating energy per bit to noise 

power spectral density 𝐸
𝑁  can be determined for the 

different spreading factors. Furthermore, the System 
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Table 3 The extract of  Eb/No results from the computation for SX1272 LoRa transceiver operating with BER values of 1.0E-
06, 1.0E-09, 1.0E-12 and 1.0E-15 

SF 
Eb/No (dB)  for BER 

= 1.0E-06 
Eb/No (dB) for BER 

= 1.0E-09 
Eb/No (dB) for BER 

= 1.0E-012 
Eb/No (dB) for BER 

= 1.0E-015 

7 7.832 8.842 9.534 10.061 

8 7.544 8.554 9.246 9.773 

9 7.304 8.314 9.007 9.533 

10 7.101 8.111 8.803 9.330 

11 6.925 7.935 8.627 9.154 

12 6.770 7.780 8.472 8.999 
 

 
Figure 3  The graph of  Eb/No (dB) versus SF for SX1272 LoRa transceiver operating with BER values of 1.0E-06, 1.0E-09, 

1.0E-12 and 1.0E-15 
 

The extract of  SNRrq(dB)  and  SNRop(dB) results from 
the computation for the SX1272 LoRa transceiver operating 
with BER values of 1.0E-06, 1.0E-09, 1.0E-12 and 1.0E-15 
are shown in Table 4 and Figure 4. The results in Table 4 
and Figure 4 show that for any given BER value, the 
SNRop(dB) decreases with increase in the spreading factor 
(SF) value and for a given SF, the SNRop(dB) increases 
with decrease in BER value. For instance, for BER = 1.0E-

06, the SF 7 has the highest SNRop(dB) value of -5.8 dB 
while for the same BER = 1.0E-06 the SF 12 has the least 
SNRop(dB) value of -19.5 dB.  Also, the SF 7 has the least 
SNRop(dB) value of -5.8 dB for BER = 1.0E-06 and the 
same SF7 has the highest SNRop(dB) value of  -3.5 dB for 
BER = 1.0E-15. In any case, for any given SF, the 
SNRrq(dB) is same for all the BER values. 

 
Table 4 The extract of  SNRrq(dB)  and  SNRop(dB) results from the computation for SX1272 LoRa transceiver operating 

with BER values of 1.0E-06, 1.0E-09, 1.0E-12 and 1.0E-15 

SF SNRrq(dB) 
SNRop(dB) for 
BER = 1.0E-06 

SNRop (dB) for BER 
= 1.0E-09 

SNRop(dB) for BER 
= 1.0E-012 

SNRop (dB) for 
BER = 1.0E-015 

7 -7 -5.8 -4.7 -4.1 -3.5 
8 -10 -8.5 -7.5 -6.8 -6.2 
9 -13 -11.2 -10.2 -9.5 -9 

10 -16 -14 -13 -12.3 -11.7 
11 -18 -16.7 -15.7 -15 -14.5 
12 -20 -19.5 -18.5 -17.8 -17.3 
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Figure 4   The graph of  SNRrq(dB)  and  SNRop(dB) results from the computation for SX1272 LoRa transceiver operating 

with BER values of 1.0E-06, 1.0E-09, 1.0E-12 and 1.0E-15 
The extract of  SOM results from the computation for the 
SX1272 LoRa transceiver operating with BER values of 
1.0E-06, 1.0E-09, 1.0E-12 and 1.0E-15 are shown in Table 
5 and Figure 5. The results in Table 5 and Figure 5 show 
that for any given BER value, the SOM decreases with 
increase in the spreading factor (SF) value from SF = 7 to 
SF =10 and then the SOM decreases for SF = 10 to SF =12. 
In essence, the value of SOM peaks at SF = 10. Also, for a 
given SF, the SOM increases with decrease in BER value. 

For instance, for BER = 1.0E-06, the SF 7 has SOM value 
of 1.2 dB, the peak SOM value of 2 dB at SF =10 and SOM 
value of 1.2 at SF = 11 and SOM value of 0.5 at SF =12.  
Again, SF 7 has the SOM value of 1.2 dB for BER = 1.0E-
06 and the same SF7 has the highest SOM value of 3.5 dB 
for BER = 1.0E-15. Hence, for the same SF, the SOM 
increases with decrease in BER value. 

 

 
Table 5 The extract of SOM (dB) results from the computation for SX1272 LoRa transceiver operating with BER values of 

1.0E-06, 1.0E-09, 1.0E-12 and 1.0E-15 

SF 
SOM (dB)  for BER = 

1.0E-06 
SOM (dB) for BER = 

1.0E-09 
SOM (dB) for BER = 

1.0E-012 
SOM (dB) for 

BER = 1.0E-015 

7 1.2 2.2 2.9 3.5 

8 1.5 2.5 3.2 3.7 

9 1.8 2.8 3.5 4.0 

10 2.0 3.0 3.7 4.2 

11 1.2 2.3 3.0 3.5 

12 0.5 1.5 2.2 2.7 
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Figure 5  The graph of SOM (dB)  results from the computation for SX1272 LoRa transceiver operating with BER values of 

1.0E-06, 1.0E-09, 1.0E-12 and 1.0E-15 
4 . Conclusion 

Evaluation of the operating energy per bit to noise power 

spectral density 𝐸
𝑁   and operating system margin 

(SOM) for any specified bit error rate (BER) performance 
specified for a LoRa transceiver is presented. The analysis 
also determines the required signal to noise ratio and the 
operating signal to noise ration from which the SOM is 
computed. The computation compares the operating  

𝐸
𝑁   and SOM for any BER for the five notable 

spreading factors in LoRa transceivers. The results show 
that the Eb/No decreases with increase in the spreading 
factor (SF) value and for a given SF, the Eb/No increases 
with decrease in BER value. On the other hand, the SOM 
peaks at SF  value of 10 , hence, for any given BER, the 
SOM increases  for SF = 7 to SF = 10 and then the SOm 
decreases for SF = 10 to SF = 12. The results are useful in 
selecting LoRa communication link parameters to achieve 
any specified BER performance.  
 
References 

1. Ramson, S. J., & Moni, D. J. (2017, 
February). Applications of wireless sensor 
networks—A survey. In 2017 international 
conference on innovations in electrical, 
electronics, instrumentation and media 
technology (ICEEIMT) (pp. 325-329). IEEE.  

2. Gaur, A., Scotney, B., Parr, G., & McClean, 
S. (2015). Smart city architecture and its 
applications based on IoT. Procedia computer 
science, 52, 1089-1094.  

3. Kocakulak, M., & Butun, I. (2017, January). 
An overview of Wireless Sensor Networks 
towards internet of things. In 2017 IEEE 7th 
annual computing and communication 
workshop and conference (CCWC) (pp. 1-6). 
Ieee.  

4. Pathak, A., AmazUddin, M., Abedin, M. J., 
Andersson, K., Mustafa, R., & Hossain, M. S. 
(2019). IoT based smart system to support 
agricultural parameters: a case 

study. Procedia Computer Science, 155, 648-
653.  

5. Kiani, F., & Seyyedabbasi, A. (2018). 
Wireless sensor network and internet of things 
in precision agriculture. International Journal 
of Advanced Computer Science and 
Applications.  

6. Mahale, R. B., & Sonavane, S. S. (2016). 
Smart Poultry Farm Monitoring Using IOT 
and Wireless Sensor Networks. International 
Journal of Advanced Research in Computer 
Science, 7(3).  

7. Boubiche, D. E., Pathan, A. S. K., Lloret, J., 
Zhou, H., Hong, S., Amin, S. O., & Feki, M. 
A. (2018). Advanced industrial wireless 
sensor networks and intelligent IoT. IEEE 
Communications Magazine, 56(2), 14-15.  

8. Rashid, B., & Rehmani, M. H. (2016). 
Applications of wireless sensor networks for 
urban areas: A survey. Journal of network and 
computer applications, 60, 192-219. 

9. Xu, G., Shen, W., & Wang, X. (2014). 
Applications of wireless sensor networks in 
marine environment monitoring: A 
survey. Sensors, 14(9), 16932-16954. 

10. Đurišić, M. P., Tafa, Z., Dimić, G., & 
Milutinović, V. (2012, June). A survey of 
military applications of wireless sensor 
networks. In 2012 Mediterranean conference 
on embedded computing (MECO) (pp. 196-
199). IEEE. 

11. Alsheikh, M. A., Hoang, D. T., Niyato, D., 
Tan, H. P., & Lin, S. (2015). Markov decision 
processes with applications in wireless sensor 
networks: A survey. IEEE Communications 
Surveys & Tutorials, 17(3), 1239-1267. 

12. Thakkar, A., & Kotecha, K. (2014). Cluster 
head election for energy and delay constraint 
applications of wireless sensor network. IEEE 
sensors Journal, 14(8), 2658-2664. 

0.50

1.00

1.50

2.00

2.50

3.00

3.50

4.00

4.50

5.00

7 8 9 10 11 12

Sy
st
em

O
p
er
at
in
g	
M
ar
gi
n
,	

SO
M
	(
d
B
)

Spreading	factor,	SF

SOM	(dB)		for	BER	=	1.0E‐06
SOM	(dB)	for	BER	=	1.0E‐09



Journal of Multidisciplinary Engineering Science and Research (JMESR) 
 

Vol. 1 Issue 4, October - 2022 

www.jmesr.co.uk 
JMESRN42350042 163 

13. Rajasekaran, T., & Anandamurugan, S. 
(2019). Challenges and applications of 
wireless sensor networks in smart farming—a 
survey. Advances in big data and cloud 
computing, 353-361. 

14. Al Ameen, M., Liu, J., & Kwak, K. (2012). 
Security and privacy issues in wireless sensor 
networks for healthcare applications. Journal 
of medical systems, 36(1), 93-101. 

15. Hadjidj, A., Souil, M., Bouabdallah, A., 
Challal, Y., & Owen, H. (2013). Wireless 
sensor networks for rehabilitation 
applications: Challenges and 
opportunities. Journal of Network and 
Computer Applications, 36(1), 1-15. 

16. Matin, M. A., & Islam, M. M. (2012). 
Overview of wireless sensor 
network. Wireless sensor networks-technology 
and protocols, 1(3). 

17. Zhong, D., Lv, H., Han, J., & Wei, Q. (2014). 
A practical application combining wireless 
sensor networks and internet of things: Safety 
management system for tower crane 
groups. Sensors, 14(8), 13794-13814. 

18. Mayer, P., Magno, M., Brunner, T., & Benini, 
L. (2019, June). LoRa vs. LoRa: In-field 
evaluation and comparison for long-lifetime 
sensor nodes. In 2019 IEEE 8th International 
Workshop on Advances in Sensors and 
Interfaces (IWASI) (pp. 307-311). IEEE. 

19. Van Torre, P., Ameloot, T., & Rogier, H. 
(2019, October). Wearable 868 MHz LoRa 
wireless sensor node on a substrate-integrated-
waveguide antenna platform. In 2019 49th 
European Microwave Conference 
(EuMC) (pp. 496-499). IEEE. 

20. Sasmita, E. S., Rosmiati, M., & Rizal, M. F. 
(2018, December). Integrating forest fire 
detection with wireless sensor network based 
on long range radio. In 2018 International 
Conference on Control, Electronics, 
Renewable Energy and Communications 
(ICCEREC) (pp. 222-225). IEEE. 

21. Thielemans, S., Bezunartea, M., & Steenhaut, 
K. (2017, April). Establishing transparent 
IPv6 communication on LoRa based low 
power wide area networks (LPWANS). 
In 2017 Wireless Telecommunications 
Symposium (WTS) (pp. 1-6). IEEE. 

22. Bor, M., Vidler, J. E., & Roedig, U. (2016). 
LoRa for the Internet of Things. 

23. Noreen, U., Bounceur, A., & Clavier, L. 
(2017, May). A study of LoRa low power and 
wide area network technology. In 2017 
International Conference on Advanced 
Technologies for Signal and Image 
Processing (ATSIP) (pp. 1-6). IEEE. 

24. Sanchez-Iborra, R., G. Liaño, I., Simoes, C., 
Couñago, E., & Skarmeta, A. F. (2018). 
Tracking and monitoring system based on 
LoRa technology for lightweight 
boats. Electronics, 8(1), 15. 

25. Petäjäjärvi, J., Mikhaylov, K., Yasmin, R., 
Hämäläinen, M., & Iinatti, J. (2017). 
Evaluation of LoRa LPWAN technology for 
indoor remote health and wellbeing 
monitoring. International Journal of Wireless 
Information Networks, 24(2), 153-165. 

26. Sardar, M. S., Yi, Y., Xue-fen, W., Huang, J., 
Zhang, J., Qin, X., ... & Iqbal, M. A. (2018, 
September). Experimental analysis of LoRa 
CSS wireless transmission characteristics for 
forestry monitoring and sensing. In 2018 
International Symposium in Sensing and 
Instrumentation in IoT Era (ISSI) (pp. 01249-
01254). IEEE. 

27. Boano, C. A., Cattani, M., & Römer, K. 
(2018, January). Impact of temperature 
variations on the reliability of LoRa. In Proc. 
7th Int. Conf. Sensor Netw. (pp. 39-50). 

28. Săcăleanu, D. I., Popescu, R., Manciu, I. P., & 
Perişoară, L. A. (2018, June). Data 
compression in wireless sensor nodes with 
LoRa. In 2018 10th international conference 
on electronics, computers and artificial 
intelligence (ECAI) (pp. 1-4). IEEE. 

29. Bor, M., & Roedig, U. (2017, June). LoRa 
transmission parameter selection. In 2017 
13th International Conference on Distributed 
Computing in Sensor Systems (DCOSS) (pp. 
27-34). IEEE. 

30. Arora, H., Sharma, D., Singh, H. P., & Singh, 
J. P. (2016, April). Bit error rate analysis of 
wireless sensor nodes with different packet 
size and distance. In 2016 International 
Conference on Advances in Computing, 
Communication, & Automation 
(ICACCA)(Spring) (pp. 1-6). IEEE. 

31. Rajesh, L., & Reddy, C. B. (2016, May). A 
packet error techniques to optimize overall 
network lifetime in WSN. In 2016 IEEE 
International Conference on Recent Trends in 
Electronics, Information & Communication 
Technology (RTEICT) (pp. 2140-2143). IEEE. 

32. Potnis, A., & Rajeshwari, C. S. (2015, 
March). Wireless sensor network: challenges, 
issues and research. In Proceedings of 2015 
International Conference on Future 
Computational Technologies 
(ICFCT'2015) (pp. 224-228). 

33. Mehdi, H., Soomro, S., Khan, W. R., Memon, 
A. G., & Hafeez, A. (2013). Error-rate 
performance analysis of wireless sensor 
networks over fading channels. arXiv preprint 
arXiv:1309.1818. 

34. Nithya, V., Ramachandran, B., & Bhaskar, V. 
(2014). BER evaluation of IEEE 802.15. 4 
compliant wireless sensor networks under 
various fading channels. Wireless personal 
communications, 77(4), 3105-3124. 

35. El Tokhy, M. S. (2018). Error Analysis of 
Wireless Sensor Network Based on OFDM 
Signal Transmission Algorithms for Radiation 



Journal of Multidisciplinary Engineering Science and Research (JMESR) 
 

Vol. 1 Issue 4, October - 2022 

www.jmesr.co.uk 
JMESRN42350042 164 

Detection. Adhoc & Sensor Wireless 
Networks, 41. 

36. Elshabrawy, T., & Robert, J. (2018). Closed-
form approximation of LoRa modulation BER 
performance. IEEE Communications 
Letters, 22(9), 1778-1781.  

37. Ferreira Dias, C., Rodrigues de Lima, E., & 
Fraidenraich, G. (2019). Bit error rate closed-
form expressions for LoRa systems under 
Nakagami and Rice fading 
channels. Sensors, 19(20), 4412.  

38. Afisiadis, O., Cotting, M., Burg, A., & 
Balatsoukas-Stimming, A. (2019). On the 
error rate of the LoRa modulation with 
interference. IEEE Transactions on Wireless 
Communications, 19(2), 1292-1304.  

39. Peppas, K., Chronopoulos, S. K., Loukatos, 
D., & Arvanitis, K. (2022). New Results for 
the Error Rate Performance of LoRa Systems 
over Fading Channels. Sensors, 22(9), 3350.  

40. Azim, A. W., Monsalve, J. L. G., & Chafii, 
M. (2021). Enhanced PSK-LoRa. IEEE 
Wireless Communications Letters, 11(3), 612-
616. 

41. Ameloot, T., Rogier, H., Moeneclaey, M., & 
Van Torre, P. (2021). LoRa Signal 
Synchronization and Detection at Extremely 
Low Signal-to-Noise Ratios. IEEE Internet of 
Things Journal. 

42. Aref, M., & Sikora, A. (2014, September). 
Free space range measurements with Semtech 
LoRa™ technology. In 2014 2nd 
international symposium on wireless systems 
within the conferences on intelligent data 
acquisition and advanced computing 
systems (pp. 19-23). IEEE. 

43. Belo, D., Correia, R., Ding, Y., Daskalakis, S. 
N., Goussetis, G., Georgiadis, A., & Carvalho, 
N. B. (2019). IQ impedance modulator front-
end for low-power LoRa backscattering 
devices. IEEE Transactions on Microwave 
Theory and Techniques, 67(12), 5307-5314. 

44. Afisiadis, O., Burg, A., & Balatsoukas-
Stimming, A. (2020, June). Coded LoRa 
frame error rate analysis. In Icc 2020-2020 
Ieee International Conference On 
Communications (Icc) (pp. 1-6). IEEE. 

45. Lavric, A., & Popa, V. (2017, October). A 
LoRaWAN: Long range wide area networks 
study. In 2017 International Conference on 
Electromechanical and Power Systems 
(SIELMEN) (pp. 417-420). IEEE.  

46. Gupta, V., Devar, S. K., Kumar, N. H., & 
Bagadi, K. P. (2017, December). Modelling of 
IoT traffic and its impact on LoRaWAN. 
In GLOBECOM 2017-2017 IEEE Global 
Communications Conference (pp. 1-6). IEEE.  

47. Wixted, A. J., Kinnaird, P., Larijani, H., Tait, 
A., Ahmadinia, A., & Strachan, N. (2016, 
October). Evaluation of LoRa and LoRaWAN 
for wireless sensor networks. In 2016 IEEE 
SENSORS (pp. 1-3). IEEE.  

48. Tomasin, S., Zulian, S., & Vangelista, L. 
(2017, March). Security analysis of lorawan 
join procedure for internet of things networks. 
In 2017 IEEE Wireless Communications and 
Networking Conference Workshops 
(WCNCW) (pp. 1-6). IEEE.  

49. Hosseinzadeh, S., Larijani, H., Curtis, K., 
Wixted, A., & Amini, A. (2017, July). 
Empirical propagation performance evaluation 
of LoRa for indoor environment. In 2017 
IEEE 15th international conference on 
industrial informatics (INDIN) (pp. 26-31). 
IEEE.  

50. Bor, M., Vidler, J. E., & Roedig, U. (2016). 
LoRa for the Internet of Things. 

51. Petajajarvi, J., Mikhaylov, K., Roivainen, A., 
Hanninen, T., & Pettissalo, M. (2015, 
December). On the coverage of LPWANs: 
range evaluation and channel attenuation 
model for LoRa technology. In 2015 14th 
international conference on its 
telecommunications (itst) (pp. 55-59). IEEE. 

 


