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Analysis of Computer Simulated and Field Experimental Results
of LoRa Considering Path Loss under LoS and NLoS
Environment
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ABSTRACT

Recently, a demand of Internet-of-things (IoT) rises dramatically and an interest in Low Power Wide Area
(LPWA) grows larger accordingly. In this paper, performance in LoRa which is included in LPWA standard is
analyzed. Particularly, after measuring Received Signal Strength Indication (RSSI) of received signal on
Line-of-sight (LoS) and Non-line-of-sight (NLoS) environment and it is compared with RSSI which theoretical
path loss model is applied to. Among many path loss models, the simulation for theoretical RSSI use
Log-distance, Two-ray model and Okumura-Hata model that is based on the test database. Consequently, the
result of Okumura-Hata model is the most similar with the measured RSSI. When a network based on LoRa is

built, this result can used to decide optimal node arrangement.
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Table 1. Path loss exponent according to environment

Environment Path Loss Exponent, 7y
Free Space 2
Urban Area 2.7 to 3.5
Suburban Area 3to5
Indoor(LoS) 1.6 to 1.8

445

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences ’17-02 Vol.42 No.02

Al@) ol Az £ AEE Tshe AlS yE &
el whet 3k vh2A AT 5 odedl 7152 ok

3} e,

2.2 Two-ray 4= =4 2§

Two-ray A2 €A 8o 24 eleufel 4241 gt
Ellut Aolell A7} EAIGThaL 7P e w, LoS 7;,11
= e} 48R A5 9ol npetel] ukAlE|e] 5241 oF
HU R = tfA4E Ho|d Als7)F ooty v
=A1719] 4Al AlE AHE oj=shs wajo|u,

o] BFofAe] AR £ FFA] ke =
ole} & Alo]e] Aglelut 2]E8kc) Two-ray 232]

B A PLyE oleo} 2o viehd 5 gl

—

d2
PL;pldBm] =20log, , (

i) o)

2.3 Okumura-Hata 42 &4 2%

Okumura-Hata 742 &4 Ff‘i% Log distance

oAl ﬁﬁmﬂ “Li *u Az 7éi

Okumura 28-< nlgke 2 wrEolgo)’, =
Ak 320 A A el we} e e 489
skl 41 2 A eke o1& A St by,
FARE f, A7) Ale] ARlE aehar @ W) 2
& ol Alanz} 2,

A=69.55+26.161og,, f — 13.821og,, h, ©6)
B=144.9—6.441log,,h, )
C=2(log,, (f/28))*+5.4 8)

D=4.78(log,, f)* +18.3310g,, f +40.94 )

3.2(log,, (11.7554h,))*
—4.97 (for large cities)

F=(11log,, f—0.7)h,
—(1.5610g; f—0.8) (for small cities )
(10

A+ Blog d — E (Urban Area)
PLOH[dBm] —{A—FBlog d— C' (Suburban Area)
A+ Blog d— D (Open Area)

an

446

2 1. Tworay A2 &4 2g
Fig. 1. Two-ray path loss model
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Fig. 2. Example of chirp signal used in chirp spread
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Estimated Maxi

Ny H.n? (.3 AXIMUM | g ndwidth Frequency
Sensitivity Power

-111 to 7.8 to 137 to
148dBm | 44 500kHz | 1020MHz

E 4 sk sl slgus e

Table 4. Center frequency allowed for transmission

A TR A I
1 917.1 17 920.3
2 917.3 18 920.5
3 917.5 19 920.7
4 917.7 20 920.9
5 917.9 21 921.1
6 918.1 22 921.3
7 918.3 23 921.5
8 918.5 24 921.7
9 918.7 25 921.9
10 918.9 26 922.1
11 919.1 27 922.3
12 919.3 28 922.5
13 919.5 29 922.7
14 919.7 30 922.9
15 919.9 31 923.1
16 920.1 32 923.3
iy
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Table 5. Maximum Power for each channel
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Fig. 4. Ranges and points of measurement on NLoS environment
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E 6. LoS3ellx¢ =A#] (SF = 7, Bandwidth = 125kHz, CR = 4/5)
Table 6. Measurement on LoS environment (SF = 7, Bandwidth = 125kHz, CR = 4/5)

Path Distance Packet RSSI Mean SNR Mean
(km) Sent Received Valid PER(%) (dBm) (dB)
A 1.07 500 500 499 0.20 -92.0 25.0
B 1.84 500 500 494 1.20 -111.6 10.8
C 3.18 500 494 488 1.21 -111.8 11.5
D 4.1 500 497 400 19.52 -115.2 -14.3
E 5.96 500 499 457 8.42 -114.4 -20.0
F 7.25 500 494 482 2.43 -117.9 =55
G 8.96 500 496 479 343 -121.6 -16.6
H 10.9 50 4 0 100.00 N/A N/A
1 12.5 50 8 0 100.00 N/A N/A
T 7. LoS#7ellxle] 4] (SF = 12, Bandwidth = 125kHz, CR = 4/5)
Table 7. Measurement on LoS environment (SF = 12, Bandwidth = 125kHz, CR = 4/5)
Path Distance Packet RSSI Mean SNR Mean
(km) Sent Received Valid PER(%) (dBm) (dB)
A 1.07 500 500 500 0.00 -95.4 26.5
B 1.84 500 500 499 0.20 -113.7 9.1
C 3.18 500 500 500 0.00 -113.2 17.2
D 4.1 500 500 498 0.40 -119.1 -22.5
E 5.96 500 498 498 0.00 -116.0 -13.8
F 7.25 500 495 492 0.61 -121.4 -7.7
G 8.96 500 499 499 0.00 -121.7 -8.8
H 10.9 500 430 388 9.77 -121.2 -64.9
I 12.5 823 396 223 43.69 -124.7 -72.9
E 8. NLoS8HidllA2] =3]4] (SF = 7, Bandwidth = 125kHz, CR = 4/5)
Table 8. Measurement on NLoS environment (SF = 7, Bandwidth = 125kHz, CR = 4/5)
Point Distance Packet RSSI Mean SNR Mean
(km) Sent Received Valid PER(%) (dBm) (dB)
A 0.27 500 500 435 13.00 -94.3 19.9
B 0.3 580 572 449 21.50 -102.6 -12.4
C 0.64 500 490 318 35.10 -117.1 -8.1
D 0.7 624 616 391 36.53 -115.0 1.7
E 0.96 206 146 41 71.92 -121.3 -28.1
F 0.98 302 301 205 31.89 -117.2 -5.0
G 1.34 500 468 344 26.50 -123.4 -19.8
H 1.4 100 65 1 98.46 -122.0 -31.0
I 1.56 100 66 1 98.49 -123.0 -35.0
J 1.62 220 141 31 78.01 -120.8 -31.2
K 1.8 100 56 0 100.00 N/A N/A
L 1.84 100 86 94.19 -121.0 -28.0
450
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E 9. NLoS3H3ol|lx2] 44| (SF = 12, Bandwidth = 125kHz, CR = 4/5)
Table 9. Measurement on NLoS environment (SF = 12, Bandwidth = 125kHz, CR = 4/5)
Point Distance Packet RSSI Mean SNR Mean
(km) Sent Received Valid PER(%) (dBm) (dB)
A 0.27 500 500 500 0.00 -102.7 23.7
B 0.3 500 500 500 0.00 -102.8 -5.6
C 0.64 500 371 371 0.00 -116.8 -0.4
D 0.7 500 406 406 0.00 -117.1 10.3
E 0.96 500 483 481 0.41 -121.1 -36.6
F 0.98 500 489 487 0.41 -121.0 -12.4
G 1.34 1000 753 753 0.00 -124.1 -15.1
H 1.4 500 91 91 0.00 -125.0 -49.7
1 1.56 500 450 449 0.22 -125.4 -36.8
J 1.62 500 490 490 0.00 -116.7 -11.4
K 1.8 500 410 410 0.00 -123.6 -232
L 1.84 500 264 256 3.03 -126.3 -54.2
S ®R 1|58 SNRYJOIE B9k PERC] SF7} thal & 4 9lvh 12]a LoS 34 el~E wl=r} —‘?-
129 o &3 Fe-S B 4= qlrk ¢J7]4] Spreading AEA19 7] wiitell Uub AR ERe] o2} FLAkelut
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