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All of propagation path loss prediction models, which have been presented up to date, are only for ground living

space, In reality, sea surface free space is different from ground living space in physical hierarchical structure, If

the propagation path prediction model for ground living space is applied to the sea surface free space, propagation

path loss will be smaller than actual value, while the maximum service straight line will become shorter, Thus this

paper proposed and simulated the propagation path loss prediction model for predicting propagation path loss more

accurately in sea surface free space, with its focus on CDMA mobile communication frequency band, Then the simulation

results were compared to actual swvey to verify its practicality.

Keywords: CDMA, Propagation path loss, Propagation pass loss prediction model, Mbbile communication service in
the sea, Sea surface free space
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Table 1. Survey specification.

o P 20 w(43 dem)
T Ant. gain: 6 dB

) Ant, height: 22 m {biflding height: 20 m)
Tx equipment: using existing base stations

Measured equipment: HP RF Coverage Measure-
.Y ment System (Agilent Co.)

fx Measured method: survey using a boat

{40 Kn/h~ 60 km/h)

Measured straight line: radius 10 m~3300 m

Tesl Site Latitude: 17-55-9.7 { UTM: 1981526.786 )
Location Longitude: { - }87-57-40.6

: { UTM: 398186.5393)
800 MHz (Center frequency of cellular system)
- Test 1900 Mik: (Center frequency of PCS system)
Frequency| 2200 Mk (Cenie; frequency of IMT-2000
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“able 2. Propagation path loss & loss difference of sea surface and earth in free space.

, 800 MH: 1900 Milz 2200 Mz
SR | path loss and loss difference (d8) | path loss and loss diference (ai) | _path loss and loss diference (i)
{m) sea earth 0SS sea earth loss sea earth loss
R surface surface | difference | surface surface | difference | surface surface | difference
10 -61.504 -50.504 10.000 -69.282 -58.017 11,265 -70.940 -59.290 11.650
300 -90.996 -80.046 10.950 -98.779 -87.559 11.220 -100.283 | -88.833 11.450
) 600 -96.587 -86.067 10.520 -104.730 ~93.580 11.150 -106.363 -94,853 11.510
i 900 -100.388 -89.588 10.800 -108.322 -97.102 11.220 -109.785 -98.375 11.410
) 1200 -102.897 -92.087 10810 -110.820 -99.600 11.220 ~112.350 | -100.870 11.480
1500 | -104.856 | -94.025 10.831 -112761 | -101.540 11.221 -114.161 | -102.810 11.351
1800 -106.409 -95.609 10,800 ~114339 | -103.120 11.219 -115760 | -104.400 11.360
) 2100 -107.748 -96.948 10.800 -115679 | -104.460 11.219 ~117.080 | -105.730 11.350
: 2400 -108.908 -98.108 10.8G0 -116.841 -105.620 11.221 -118.230 | -106.830 11.340
2700 -109.936 -99.131 10.805 -~117.884 | -106.640 11.244 -119.270 | -107.920 11.350
- 3000 -110.849 | -100.050 16.799 -118.780 | -107.560 11.220 -120.t80 | -108.830 11.350
) 3300 -111670 | -100.870 10.800 -119629 | -108390 11.239 -12t.014 | -109.660 11.354
) average loss difference 10.73 average loss difference 11.22 average loss difference "M
_ average loss difference in 800 Miz ~ 2200 MHz: (10.73 + 11.22+ 11.42} /3= 11.124B
T 3. S RRS2e] HyAREM SR}
“able 3. Propagation path loss & loss difference of sea surface in free space.
straight path loss {dB) loss path loss (d) loss path loss{dR) loss
path difterence difference difference
(m} 800 Mz 1900 MHz | B | 800 M. 2200 MHz | dB i 1900 Miz | 2200 Mz | dB |
- 10 -61.504 -69.282 8778 -61.504 -70.940 9436 -§9.282 -70.940 1.658
B 300 -90.996 -98.779 7.783 -90.996 -100.283 9.287 -98.779 -100.283 1.504
600 -96.,587 -104.730 8.143 -96.587 -106.363 9.776 -104.730 | -106.363 1.633
B 900 -100.368 -108.322 7934 -100.388 -109.785 9.397 -108.322 ~109.785 1.463
- 1200 -102.897 -110.820 7.923 -102.897 -112.350 9.453 -110.820 -112.350 1.530
- 1500 -104.856 ~-112.761 7.905 -104.856 -t14.t61 9.305 ~-112.761 -114.161 1.400
- 1800 -106.409 «~114.339 7.930 -106.409 ~115.760 9.351 -114.339 -115.760 1.421
B 2100 ~107.748 -115.679 7.931 -107.748 ~117.080 9.332 -115.679 -117.080 1,401
- 2400 -108.908 -116.841 7.933 -108.908 -118.230 9.322 -116.841 -118.230 1.389
B 2700 -109.936 ~117.884 7.948 -109.936 -119.270 9,334 -117.884 -119.270 1.386
- 3000 -110.849 -118,780 7.931 -110.849 -120.180 8.331 -118.780 ~120.180 1,400
- 3300 -111.670 -119.629 7.959 -111.670 -121.014 9.344 -119.629 -121.0%4 1.385
aerge Al o sor | wemphios | oy | aeammbis |
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Table 4. Propagation path loss & loss difference in free space on earth surface,

straight path loss (dB} loss path loss (4B} loss path loss (dB) loss
path difference [ difference difference
{m 800 Miz 1900 Mz |d5| 800 Mz 1900 M& |dg1 800 Mz 1900 Mik | dB |
10 -50.504 -58.017 7.520 -50.504 -59.290 8.790 -58.017 -59.290 1.270
300 -80.046 -87.559 7.513 -80.046 -88.833 8.787 -87.559 -88.833 1.274
600 -86.067 -93580 7513 -86.067 -94.853 8.786 ~93.580 -94.853 1.273
900 -89.588 ~97.102 7514 -89.588 -98.375 B.787 -97.102 -98.375 1.273
1200 -92.087 -99.600 7.513 -92.087 ~100.870 8.783 ~99.600 -100.870 1.270
1500 -94.025 -101.540 7515 -94.025 ~102.810 8.785 -101.540 -102.810 1.270
1800 -95.609 -103.120 7.511 -95.609 ~104.400 8791 -103.120 -104,400 1.280
2100 -96.948 ~104.466 7512 -96.948 -105.730 8.782 -104.460 | -105.730 1.270
2400 -98.108 -105.620 7.512 -98.108 ~106.890 8.782 -105.620 -106.890 1.270
2700 -99.131 -106.640 7.509 -99.131 -107.920 8.789 -106.640 | -107.920 1.280
3000 -100.050 -107.560 7510 ~100.050 ~108.830 8.780 -107.560 -108.830 1.270
3300 | -100.870 | -108.390 7520 -100.870 | -109.660 8.790 -108.390 | -109.660 1.270
o s | e | e | wameres |
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Table 5. Propagation path loss & (oss difference in free space on sea surface and earlh with frequencies.
frequency sea surtace path loss B)| Do cxe ap) Sfferorge @B} | diferaneer100 M ()
800 MHz & 1900 Miz 8.0 7.54 0.50 0.046
800 Mz & 2200 Miz 9.39 879 0.60 0.043
" 1900 MHz & 2200 Mz 146 127 0.19 0.063
average loss per 100 MHz in loss at 800 MHz-~- 2200 Milz frequency bands with duplicate calculation 0.051
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Tabie 6. Comparison between surveyed data and simulation data using the proposed prediction madel.

800 Mtz . 1900 Mtz 2200 Milz
straont path foss error GB) path loss error (dB) path lass error (dp)
{m) nl?;{m;reﬂ slngmaﬂon ertor n%g:red gmgggon error nmred sin:ljalztagm . ertor
10 -61.504 -61.345 0.159 -69.282 -69.416 -0.134 -70.940 -70.705 0.235
: 300 -9%0.996 -90.888 0.108 -98.779 -98.958 -0.179 -100.283 =-100.247 0.036
600 -96.587 -96.908 -0.321 -104.730 | -104.980 -0.250 -106.363 =-106.270 | - 0.093
) 900 -100.388 -100.430 -0.042 -108.322 | -108.500 -0.178 -109.785 ~109.790 - -0.005
- 1200 -102.897 -102.930 -0.033 -110.820 | -11t.000 -0.180 ~112.350 -$12.290 0.060
i 1500 -104.856 -104.870 -0.014 -112.761 ~112.940 -0.179 ~114.161 -114.230 -0.069
) 1800 -106.409 ~106.450 -0.041 -114.339 | -114.520 -0.181 -115.760 -115.810 -0.050
: 2100 -107.748 -107.790 -0.042 -115679 | -115.860 -0.181 -117.080 -117.150 -0.070
2400 -108.908 -108.950 -0.042 -116.841 -117.0620 -0.179 -118.230 -118.310 -0.080
) 2700 -109.936 -109.970 -0.034 ~-117.884 | -118.040 ~0.156 ~119.270 -119.330 -0.060
i 3000 -110.849 -110.890 -0.041 -118.780 | -118.960 -0.180 -120.180 -120.250 -0.070
) 3300 -111.670 -11t.720 -0.050 -119629 | -119.790 -0.161 -121.014 -121.070 -0.056
- average absolute error 0.08 average absolute error 0.18 average absolute error 0.07

average absolute error at 800 MHz ~ 2200 MMz frequency bands (dB): 0.11
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