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[Abstract]

In order to prevent overusing the fishing gear and to reduce discarded fishing gear, there is a need for a technique that can efficiently
transmit the information including the type and location of the fishing gear and the user's real name to the fishing boat and the control center
using loT-based communication. In order to do this, it is necessary to be able to confirm the position information of a plurality of buoys that
can be identified by the base stations on the land. In this paper, in order to service the maritime IoT communication system, we calculate the
link budget between the land base station and the targets on the sea to derive the service coverage. To design a marine [oT radio network for
building a fishing gear monitoring system, we calculate link budget for wireless service optimization at sea for NB-IoT using 1.8 GHz
frequency band and LoRa service using 900 MHz frequency band. In addition, the link budget between the land base station and buoy, the
link budget between the land base station and fishing boat are calculated and the results are analyzed.
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RF Link Budget Calculator

9202 MHz

Input
Freauency:

Tx Power 207 dBm
0,914 dB

1215 dBi

Tx Cable Loss Compute:
OFade Margin | i
@ Distance O miles

(O Tx Power @km

Tx Antenna Gain

Distance: 24,92 |km

Rcv Antenna Gain: 9% dBi
143 dB

-96'% dBm

output

Rcv Cable Loss: Distance: 24.9km

Rev Sensitivity:

Free Space Loss: 1197 d6

Fade Margin 155 4B Rcy Signal Strength:

8 1. LPWA A&HE| 25Km Me|A =A
Fig. 1. Service condition for transmission distance 25 km
in LPWA system.

-B81.0 dBm

RF Link Budget Calculator

183013 MHz

Input
Freauency:

402 dBm
097 dB

Tx Power

Tx Cable Loss: Compute:

Tx Antenna Giain: 1212 dBi OFade Margin | s,
(@) Distance O miles
Distance: 132,65 | km O Tx Power @km

Rev Antenna Gain pis i
0.0 B

-96/% dBm

Output

Rev Cable Loss: Distance: 132.6km

Ry Sensitivity:

Free Space Loss 140,28

Fade Margin: 15/ dB Rev Signal Strength:

38 2. NB-loT 7|X|= AMH|A =70 mas &2 M4F
Fig. 2. Derivation of transmission distance according to
service condition of NB-loT base station.

-81,0dBm
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Ground Reflection Path Loss

System Variables Variable Units  Equation Value

TX height o m o e
RX height hex m
Distance d m {from Link Budget sheet) 2500C
Direct Path d, m d, = (+(hche)?™ 25000.1264
Reflection Path d, m d; = (+ (hnhgd?)? 25000.1296
Reflection Path a ad m ad=d;-d, 0003199984
Estimated Reflection Path a ad, m Ad, = 2hpyhgy/d 0.0032
Wavelength A m (o Link Sucget zheet) 2
Normalized Ground Bounce Amplitude a none

Loss From Ground Bounce Cancellation Les B L =100g(0.5(1+3"2acos2nAd/N)) 2123659198
Free Space Loss | = dB Lys = 10log,o(A/4nd)® -12

Flat Earth Loss I dB b=t -146.8921972
Ground Reflection Path Loss Approximation (for d > 5(hycthsy))

System Variables Variable Units  Equation Value
Estimated Flat Earth Loss* e dB Leee = 10l0g ghohe’/2d%) -146.8867005
Estimated Ground Bounce Cancellation Loss I dB = Lo Lis - 5

T8 4. NB-loT ground reflection path loss &= (25 km
H&, oLt =0 80 m).

Derivation of NB-loT ground reflection path loss
(25 km transmission, antenna height 80 m).

Fig. 4.

0
-40
= lD_ 100 100.0 1000.0 w 100000.0
-140
Range (meters)
38 5. NB-loT 25 km Z& Al 2Lt £0] 80 moilA
HEHE| E A ME
Fig. 5. Detailed calculation for 25 km transmission in
NB-loT with antenna height 80 m.
ZVILAXKNLY

RF System (L|nk Budget) Calculations

System Variables Variable Units Equation Value

Frequency fy MHz
Speed of Light c m/s 299792458

Wavelength A m A=cff, 0.163821015
Block Variable Units Equation Value

PA Power Ppa  dBm
TX Match Loss Lustar dB

TX source Pr  dBm 20
TX connector loss Lo dB (from Connector Loss sheet) -0.57
TX cable loss Leasr dB (from Cable Loss sheet) A

TX connector loss (remote antenna) Lo, dB (from Connector Loss sheet) -0.57
TX power [ dBm Py = Pry(C&C Loss) 17.86
TX antenna gain G, dBi
Effective (Isotropic) Radiated Power EIRP  dBm EIRP = P; G, 29.86
Distance d m
Channel Medium Loss Factor Ly dB (from Medium Loss sheet) 0
Free Space Loss Les dB Lis = (Mand)® -125.6556052
Power at RX Antenna, Free Space Path Peparrs B Pepants = LisLo EIRP -95.79560519
Flat Earth Loss (Includes Ground Bounce) Lee dB (from Ground Multpath sheet) 46.8921972
Multipath Loss Lue dB

Obstruction Loss Lopstoa B

Power at RX Antenna, Flat Earth Path Pehanre dB Pehanre = LeeLolupLobs EIRP -117.0321972
RX antenna gain Gy dBi 4
RX connector loss Leos B -0.57
RX cable loss Loz dB

RX connector loss (remote antenna) Loz B

RX power, Free Space Path Pus  ABM  Pyes = Popunes Ga(CRC Loss) -92.36560519
RX power, Flat Earth Path P ABM  Pree = Ppunre G(C&C Loss) -113.6021972

38 6. 25 km ™& A| NB-loT Link Budget &=
(S 80 m)

Fig. 6. NB-loT link budget for 25 km transmission
(antenna height 80 m).
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RF System (Llnk Budget) Calculations
System Variables Variable Units Equation Value
Frequency fa MHz
Speed of Light c m/s 299792458
Wavelength A m A=cf, 0.163821015
Block Variable Units Equation Value
PA Power Pea  dBm
TX Match Loss Lur B
TX source Py dBm 40
TX connector loss Ll dB (from Connector Loss sheet) -0.57]
TX cable loss lr  dB (from Cable Loss sheet) -1
TX connector loss (remote antenna) lewrs  dB (from Connector Loss sheet) -0.57,
TX power P, dBm Py = Pr(C&C Loss) 37.86
TX antenna gain Gy dBi
Effective (Isotropic) Radiated Power ERP  dBm EIRP = P, G, 29.86
Distance d m
Channel Medium Loss Factor L dB (from Medium Loss sheet) 0
Free Space Loss Les dB Lys = (Mand)’ -125.6556052
Power at RX Antenna, Free Space Path Poss B Penanss = LisLo EIRP -75.79560519
Flat Earth Loss (Includes Ground Bounce) L dB (from Ground Multipath sheet) -150.97124
Multipath Loss Le  dB
Obstruction Loss lozpg B 0
Power at RX Antenna, Flat Earth Path Popere B Pchante = LreLolurLops EIRP -101.1112471
RX antenna gain Gy dBi 2]
RX connector loss Lo B -0.57,
RX cable loss lw B
RX connector loss (remote antenna) Loz B
RX power, Free Space Path Pres  OBM  Pyeg= Poyus Ga(CRC Loss) 7236560519
RX power, Flat Earth Path Pue  ABM  Pae= oy GolCBC Loss) -97.68124712

38 7. 25 km N& Al NB-loT Link Budget &t& (2HLl 50
m, PA &3 40 dBm 4%)

Fig. 7. NB-loT link budget for 25 km transmission
(antenna height 50 m, PA output power 40 dBm).
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Ground Reflection Path Loss

System Variables Variable Units  Equation Value

TX height [ m | so]
RX height hex m
Distance d m ifrom Link Budget sheet) 25000
Direct Path d, m d; = (d+(hy-hg)2 25000.1264
Reflection Path d, m d, = (d+(hprhe))? 25000.1296
Reflection Path a Ad m Ad=d,-d, 0.003199984
Estimated Reflection Path & Ad, m Ad, = 2hphg/d 0.0032
Wavelength A m (from Link Budget sheet) 5861367
Normalized Ground Bounce Amplitude a none 1
Loss From Ground Bounce Cancellation Vs dB Loy =10l0g,{0.5(1+a% 2acos(2nAd/N))  -27.20578287
Free Space Loss 15 ds Les = 10logao(W/4rd)* -119.6823399
Flat Earth Loss Iz d8 Lg=l*lg -146.8881228
Ground Reflection Path Loss Approximation (for d > 5(huthe)

System Variables Variable Units  Equation Value
Estimated Flat Earth Loss* L dB Lo = 10l0g,o(hoche/2d’) -146.8867005
Estimated Ground Bounce Cancellation Loss s dB = gl -27.20436053
T8 8. LoRa XM HhAL HA2E4 A& (25 km S, oL

=0| 80 m)
LoRa Ground reflection path loss (25 km
transmission, antenna height 80 m).

Fig. 8.
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38 9. LoRa 25 km T& Al CHLt £0] 80 mollAl H&E7Hz2]
ERTRS
Fig. 9. Detailed calculation for 25 km transmission in

LoRa system with antenna height 80 m according
to distance.
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RF System (Link Budget) Calculations

System Variables Variable Units Equation Value

Frequency £, MHz 920
Speed of Light < m/s 299792458
Wavelength A m A=c/fs 0.325861367
Block Variable Units Equation Value

PA Power Py dBm
TX Match Loss Lussia:  dB

TX source Py dBm 20
TX connector loss Leonts dB (from Connector Loss sheet) 0.57|
TX cable loss Leawr dB (from Cable Loss sheet) -1
TX connector loss (remote antenna) Leont2 dB (from Connector Loss sheet) 0.57|
TX power Py dBm Py = Prx(C&C Loss) 17.86
TX antenna gain Gr dBi
Effective (Isotropic) Radiated Power ERP  dBm EIRP = P, G, 29.86
Distance d m
Channel Medium Loss Factor Ly dB (from Medium Loss sheet) 0
Free Space Loss L dB Les = (A/4nd)* -119.6823399
Power at RX Antenna, Free Space Path P, |idB Pennrs = Leslo EIRP -89.82233994
Flat Earth Loss (Includes Ground Bounce) Lee dB (from Ground Multipath sheet) -146.8881228
Multipath Loss B dB

Obstruction Loss Losrom  dB )
Power at RX Antenna, Flat Earth Path Penanre dB Penane = LreLolmpLoos EIRP -117.0281228
RX antenna gain Gp dBi 4]
RX connector loss Leonns dB 20,57
RX cable loss [ ds

RX connector loss (remote antenna) Lz @B

RX power, Free Space Path Pys  dBm Paes = Penanrs Ga(C&C Loss) 86.39233994
RX power, Flat Earth Path Pue  dBm Pree = Penaare Gr(C&C Loss) -113.5981228

T8 10. 25 km M&
m)

Fig. 10. LoRa link budget calculation for 25 km
transmission (antenna height 80 m).
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of A=A )42 HA 5 m, FAA I S A ke
HA 3mE Wi ate] A=t
NB-IoT 1.8 GHz 35 ©|-83}4 25 km & Al A&
7HEAE- 125.65 dB ©]™, ©17]90] ground reflection path lossZ-
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Fig. 11. Detailed calculation of ground reflection path loss
in NB-loT according to distance.

SW1LADC

RF

o0 y
System (Link Budget) Calculations
System Variables Variable Units Equation

Frequency fo Mz

Speed of Light < m/s 299792458
Wavelength A m o A=/, 0.163821015
Block Variable Units Equation Value

PA Power Pes dBm

TX Match Loss (R de

TX source P dBm

TX connector loss Ceris aB

T cable loss Leiss aB

TX connector loss (remote antenna) Leoner aB

T% power P, dBm

TX antenna gain Gy dBi

Effective (Isotropic) Radiated Power EIRP  dBm EIRP = Pr Gy 25.86
Distance d m 25000
Channel Medium Loss Factor L dB (from Medium Loss sheet) 0
Free Space Loss is de Les = (W/ard)” 125 6556052
Power at RX Antenna, Free Space Path Pennrs de = Lo EIRP 9579560519
Flat Earth Loss (ncludes Ground Bounce) Lo a8 4 Muttipath shest)

Multipath Loss e aB

Obstruction Loss Lobe resat dB

Power at RX Antenna, Flat Earth Path Petare dB Peianre = LreLobuLow. EIRP 1100106727
RX antenna gain Ge dBi 12|
RX connector loss Lesns de 057
RX cable loss [ dp

RX connector loss (remote antenna) Legins dp

RX power, Free Space Path Purs dBm Prs = Penonss GalCE&C Loss) ~84.36560519
RX power, Flat Earth Path Pue dBm Prre = Pcnonrs G(C&C Loss) -98.58067265

Variable

Receiver Sensitivity Calculations Units Equation

RX Noise Figure NF de
Operating Temperature Ts 3

Effective Noise Temperature T K Te = To(NF - 1) 1163442978
Boltzmann's constant & 1K 1.386-23
Receive Bandwidth BWix MHz
Antenna Temperature Tia K
Noise Power (at RX) Pn dBm Pn = k(Tane + TIBWix -113.9371511
Signal to Noise Ratio SNR dB SNRex = Pa/Pa -0.062848871

I8 12. MAXIM link budget Tool& 0|&&t NB-loT
Coverage.
Fig. 12. NB-IoT coverage using MAXIM link budget tool.

Ground Reflection Path Loss

System Variables Variable Units Equation Value

TX height hux m
RX height hax m
Distance d m (from Link Budget sheet) 25000
Direct Path d, m dy = (d*+(hp-hg))™? 25000.01458
Reflection Path d, m d; = (d*+(hncthed?)? 25000.02178
Reflection Path A ad m Ad=d,-d; 0007199995
Estimated Reflection Path & ad, m Ad, = 2hyhe/d 0.0072
Wavelength A m (trom Link Budgt sheet) 0325
Normalized Ground Bounce Amplitude a none

Loss From Ground Bounce Cancellation L dB  Lg =10l0g1,(0.5(1+a%2acos2mAd/N))  -20.16769289
Free Space Loss Lys dB Lys = 10logyo(A/4md)? 119.682 )
Flat Earth Loss Lie dB Lre = Lo Les -139.8500328

Ground Reflection Path Loss Approximation (for d > 5(huthe))

System Variables Variable Units Equation Value
Estimated Flat Earth Loss* L dB Leee = 10l0g,o(hn’hes?/2d") -139.8430501
Estimated Ground Bounce Cancellation Loss s dB = Leea - Lis 7

T8 13. LoRa Ground Reflection Path Loss &H&
Fig. 13. Calculation of ground reflection path loss in LoRa.
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Fig. 14. Detailed calculation of ground reflection path loss
in LPWA(LoRa) according to distance.
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1 ADICL .

RF System (Link Budget) Calculations
System Variables
Frequency. o Mz

Speed of Light < m/s
Wavelength A moA-e/f,

]

frifraiond
s
5

K
@

3

a, Free Space Path
Flat Earth Loss (Includes Ground Bounce)
Multipath Loss

-109.9900328
T2

~78.39233994
-98.56003283

Ga(CRLC Loss)
CRC Loss)

Po= K(Tpn + TOBWix
SNRyx = Pro/Py

T13.9271511

SNRpe dB -0.062848871

15. MAXIM link budget ToolZ 0|E%t LoRa Coverage
. 15. LoRa coverage using MAXIM link budget tool.
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