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SUMMARY

In  republic of korea, the frequency band ranges are currently
used at 85 175GHz for the radio astronomy services and
measurements of mesospheric ozone, and which will be used in the
near future at 200 310GHz and 200 280GHz for the radio
astronomy services and mesospheric ozone, respectively. The
Korean view for this agenda item 1.16 of WRC-2000 is to protect
the above frequencies for the corresponding services.

FS and FSS in the band 186 188 GHz should be protected from
the restrictions due to the upgrading of EESS to the primary basis.
T herefore, further studies are necessary to reach an agreement to
obtain an appopriate value of pfd. The Republic of Korea proposes
no change (NOC) to the agenda item 117 of WRC-2000. To
consider possible  worldwide allocation for the earth
exploration- satellite(passive) and space research(passive) services in
the band 186 18.8GHz, taking into account the results of the
ITU-R studies
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IRAM(T he Institut de Radioastronomie Millimetrique) 30m mm
: Pico Veleta , 70
350GHz . JCMT (James Clerk Maxwell T elescope)
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10 150GHz

2.1 ITU 71GHz

(GH2) (GH2) (GH2) Status Lines
1 86.00 92.00 6.00 P SiO, HCN
2 97.88 98.08 0.20 CcS
3 | 10500 116.00 11.00 P CO lines
4 | 14069 140.98 0.29 P H2CO
5 | 14468 144.98 0.30 P DCN
6 14545 14575 0.30 P H2CO
7 | 14682 147.12 0.30 P CcS
8 | 15000 151.00 1.00 S NO, H2CO
9 | 16400 168.00 4.00 P
10 | 17442 175.02 0.60 S
1 | 177.00 177.40 0.40 S
12 17820 178.60 0.40 S
13 18100 181.46 0.46 S
14 18200 185.00 3.00 P H20
15 18620 186.60 0.40 S
16 217.00 231.00 14.0 P CO lines
17 250.00 251.00 1.00 P
18 | 257.00 258,00 1.00 S CH3CN
19 26224 262.76 0.52 P S02

N
20 | 265.00 275.00 10.00 P HCNH’ NHC?O ’
21 | 26100 265.00 4.00 P Certain
countries only

P : Primary(1

) S : Secondary(2

)
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2-3 275GHz

(GHz) (GH2)
Deuterium (D) 0.327348 | 0.327 0.3277
Hydrogen (HI) 1.420406 1.370 1.427
Hydroxyl radical (OH) 1.612231 1.6068 1.6138
Hydroxyl radical (OH) 1.665402 1.6598 1.6671
Hydroxyl radical (OH) 1.667359 | 1.6618 1.6690
Hydroxyl radical (OH) 1.720530 1.7148 1.7222
Methyladyne (CH) 3.263794 | 32424 - 3.2671
Methyladyne (CH) 3.335481 | 3.3244 3.3388
Methyladyne (CH) 3.349193 | 3.3380 3.3525
Formaldehyde (H2CO) 4.829660 | 4.8136 4.8345
Methanol (CH30OH) 6.668518 | 6.6618 6.6752
Helium (3He+) 8.665650 | 8.6570 8.6743
Methanol (CH30H) 12.178 12.17 12.19
Formaldehyde (H2CO) 14.488 14.44 14.50
Cyclopropenylidene (C3H2) 18.343 18.28 18.36
Cyclopropenylidene (C3H2) 21.587 21.56 21.61
Water vapor (H20) 22235 | 22.16 22.26
Dicarbon monosulphide (CCS) 22.344 22.32 22.37
Ammonia (NH3) 23.694 23.61 23.72
Ammonia (NH3) 23.723 23.64 23.75
Ammonia (NH3) 23.870 23.79 23.89
Ammonia (NH3) 24.139 24.11 24.16
Methanol (CH30OH) 36.169 | 36.13 36.21
Cyanoacetylene (HC3N) 36.392 36.36 36.43
Silicon monoxide (SiO) 42.821 42.78 42.86
Silicon monoxide (SiO) 43.122 43.08 43.17
Silicon monoxide (SiO) 43.424 43.38 43.47




2-3 275GHz

(GH2) (GH2)
Dicarbon monosulphide (CCS) 45.379 4533 - 4542
Cyanoacetylene (HC3N) 45.490 4544 - 4554
Carbon monosulphide (13CS) 46.247 46.20 - 46.29
Carbon monosulphide (C34S) 48.207 48.16 - 48.26
Carbon monosulphide (CS) 48.991 48.83 - 49.04
Oxygen (02) 56.265 56.21 - 56.32
Oxygen (02) 58.324 58.27 - 58.38
Oxygen (02) 58.446 58.39 - 58.50
Oxygen (02) 59.164 59.10 - 59.22
Oxygen (02) 59.591 59.53 - 59.65
Oxygen (02) 60.306 60.25 - 60.37
Oxygen (02) 60.434 60.37 - 60.49
Oxygen (02) 61.151 61.09 - 61.21
Oxygen (02) 62.486 62.42 - 62.55
Deuterated formylium (DCO+) 72.039 7197 - 7211
Deuterium cyanide (DCN) 72.415 72.34 - 7249
Cyanoacetylene (HC3N) 72.784 72.71 - 72.86
Methyl cyanide (CH3CN) 73.59 7351 - 73.66
Deuterated water (HDO) 80.578 80.50 - 80.66
Cyanoacetylene (HC3N) 81.881 81.80 - 81.96
Cyclopropenylidene (C3H2) 82.966 82.88 - 83.05
Cyclopropenylidene (C3H2) 85.339 85.05 - 8542
Methyl acetylene (CH3CCH) 85.5 8541 - 85.59
Deuterated Ammonia (NH2D) 85.926 85.84 - 86.01
Hydrogen cyanide (HC15N) 86.055 85.97 - 86.14
Silicon monoxide (SiO) 86.243 86.16 - 86.33
Hydrogen cyanide (H13CN) 86.340 86.25 - 86.43




2-3 275GHz

(GH2) (GH2)
Formylium (H13CO+) 86.754 86.67 - 86.84
Hydrogen isocyanide (HN13C) 87.091 87.00 - 87.18
Silicon monoxide (SiO) 86.847 86.76 - 86.93
Ethynyl radical (C2H) 87.300 87.21 - 87.39
Hydrogen cyanide (HCN) 88.632 88.34 - 88.72
Hydrogen isocyanide (H15NC) 88.866 88.78 - 88.95
Formylium (HCO+) 89.189 88.89 - 89.28
Hydrogen isocyanide (HNC) 90.664 90.57 - 90.75
Cyanoacetylene (HC3N) 90.979 90.89 - 91.07
Methyl cyanide (CH3CN) 91.98 91.88 - 92.07
Carbon monosulphide (13CS) 92.494 92.40 - 9259
Diazenylium (N2H+) 93.174 93.08 - 93.27
Carbon monosulphide (C34S) 96.413 96.32 - 96.51
Carbon monosulphide (CS) 97.981 97.65 - 98.08
Sulfur monoxide (SO) 99.300 99.20 - 99.40
Cyanoacetylene (HC3N) 100.076 99.98 - 100.18
Methyl acetylene (CH3CCH) 102.5 102.39 - 102.60
Cyanoacetylene (HC3N) 109.174 109.06 - 109.28
Sulfur monoxide (SO) 109.252 109.14 - 109.36
Carbon monoxide (C180) 109.782 109.67 - 109.89
Deuterated Ammonia (NH2D) 110.153 110.04 - 110.26
Carbon monoxide (13CO) 110.201 110.83 - 110.31
Methyl cyanide (CH3CN) 110.38 110.27 - 110.49
Carbon monoxide (C170) 112.359 112.25 - 112.47
Cyano radical (CN) 113.500 1339 - 1361
Carbon monoxide (CO) 115.271 114.88 - 115.39
Oxygen (02) 118.750 118.63 - 118.87




2-3 275GHz

(GH2) (GH2)
Silicon monoxide (SiO) 127.269 127.14 - 127.40
Formaldehyde (H213CO) 137.450 137.31 - 137.59
Carbon monosulphide (13CS) 138.739 138.60 - 138.88
Formaldehyde (H2CO) 140.840 241.69 - 140.98
Deuterated formylium (DCO+) 144.077 143.93 - 144.22
Deuterium cyanide (DCN) 144.828 144.68 - 144.97
Formaldehyde (H2CO) 145.603 145.45 - 145.75
Carbon monosulphide (CS) 146.969 146.48 - 147.12
Methyl cyanide (CH3CN) 147.17 147.02 - 147.32
Nitric oxide (NO) 150.4 149.95 - 150.85
Formaldehyde (H2CO) 150.498 150.35 - 150.65
Methyl acetylene (CH3CCH) 153.8 153.64 - 153.95
Cyanoacetylene (HC3N) 154.657 15450 - 154.81
Cyanoacetylene (HC3N) 163.753 163.59 - 163.92
Hydrogen sulfide (H2S) 168.760 168.59 - 168.93
Silicon monoxide (SiO) 173.688 17351 - 173.86
Water vapor (H20) 183.310 183.13 - 183.49
Carbon monosulphide (CS) 195.954 195.30 - 196.15
Water vapor (H2180) 203.132 202.93 - 203.34
Sulfur monoxide (SO) 206.176 205.97 - 206.38
Sulfur monoxide (SO) 215.221 21501 - 215.44
Deuterated formylium (DCO+) 216.113 21590 - 216.33
Silicon monoxide (SiO) 217.105 216.89 - 217.32
Deuterium cyanide (DCN) 217.239 217.02 - 217.46
Formaldehyde (H2CO) 218.222 218.00 - 218.44
Carbon monoxide (C180) 219.560 219.34 - 219.78
Carbon monoxide (13CO) 220.399 219.67 - 220.62




2-3 275GHz

(GH2) (GH2)
Methyl cyanide (CH3CN) 220.7 22048 - 220.92
Sulfur dioxide (SO2) 221.965 221.74 - 22219
Methyl acetylene (CH3CCH) 222.1 22187 - 222.32
Carbon monoxide (C170) 224.714 22449 - 22494
Sulfur dioxide (SO2) 225.154 22493 - 22538
Deuterated water (HDO) 225.897 22567 - 226.12
Cyano radical (CN) 226.600 226.37 - 226.83
Cyano radical (CN) 226.800 226.57 - 227.03
Carbon monoxide (CO) 230.538 229.77 - 230.77
Carbon monosulphide (C34S) 241.016 240.77 - 241.26
Deuterated water (HDO) 241.562 241.32 - 241.80
M ethanol (CH30H) 241.700 24146 - 24194
M ethanol (CH30H) 241.767 24153 - 24201
M ethanol (CH30H) 241.791 24155 - 242.03
Methanol (CH30H) 241.842 241.60 - 242.08
Carbon monosulphide (CS) 244,953 24414 - 245.20
Nitric oxide (NO) 250.6 250.35 - 250.85
Sulfur dioxide (SO2) 251.211 250.96 - 251.46
Methyl cyanide (CH3CN) 257.5 257.24 - 257.76
Hydrogen cyanide (H13CN) 259.012 258.75 - 259.27
Formylium (H13CO+) 260.255 259.99 - 260.52
Silicon monoxide (SiO) 260.518 260.26 - 260.78
Hydrogen isocyanide (HN13C) 261.263 261.00 - 261.52
Ethyny! radical (C2H) 262.000 261.74 - 262.26
Sulfur dioxide (SO2) 262.334 262.07 - 262.60
Hydrogen cyanide (HCN) 265.886 265.00 - 266.15
Formylium (HCO+) 267.557 266.66 - 267.82
Hydrogen isocyanide (HNC) 271.981 27171 - 272.25




2-4 275GHz

(GH2) (GH2)
Carbon monosulphide (13CS) 277.455 27718 - 277.73
Diazenylium (N2H+) 279511 279.23 - 279.79
Carbon monosulphide (C34S) 289.209 288.92 - 289.50
Sodium hydride (NaH) 289.860 289.57 - 290.15
Carbon monosulphide (CS) 293.912 20293 - 294.21
Hydronium (H30+) 307.192 306.88 - 307.50
Carbon monosulphide (13CS) 323.685 323.36 - 324.01
Water vapor (H20) 325.153 324.83 - 325.48
Heavy water (HDO) 313.750 31344 - 314.06
Carbon monoxide (C180) 329.330 329.00 - 329.66
Carbon monoxide (13CO) 330.587 32949 - 330.92
Carbon monosulphide (C34S) 337.397 337.06 - 337.73
Cyano radical (CN) 340.030 339.69 - 340.37
Cyano radical (CN) 340.250 339.91 - 340.59
Carbon monosulphide (CS) 342.883 341.74 - 343.23
Hydrogen cyanide (HC15N) 344.200 343.86 - 34454
Magnesium hydride (MgH) 344.305 343.96 - 344.65
Hydrogen cyanide (H13CN) 344.340 344.00 - 344.68
Carbon monoxide (CO) 345.796 344.64 - 346.14
Formylium (H13CO+) 346.999 346.65 - 347.35
Silicon monoxide (SiO) 347.331 346.98 - 347.68
Ethynyl radical (C2H) 349.340 348.99 - 349.69
Ethynyl radical (C2H) 349.390 349.04 - 349.74
Hydrogen cyanide (HCN) 354.484 353.30 - 354.84
Formylium (HCO+) 356.734 35554 - 357.09
Hydrogen isocyanide (HNC) 362.630 362.27 - 362.99
Hydronium (H30+) 364.797 364.43 - 365.16
Oxygen (02) 368.498 368.13 - 368.87
Carbon monosulphide (13CS) 369.908 369.54 - 370.28




2-4 275GHz

(GH2) (GH2)
H2D+ 372.421 372.05 - 372.79
Diazenylium (N2H+) 372.672 372.30 - 373.04
Water vapor (H20) 380.197 379.82 - 380.58
Carbon monosulphide (C34S) 385.578 385.19 - 385.96
Hydronium (H30+) 388.459 388.07 - 388.85
Water vapor (H2180) 390.608 390.22 - 391.00
Silicon monoxide (SiO) 390.728 390.34 - 391.12
Carbon monosulphide (CS) 391.847 390.54 - 392.24
Hydronium (H30+) 396.272 395.88 - 396.67
Carbon monosulphide (13CS) 416.123 415.71 - 416.54
Oxygen (02) 424.763 42434 - 42519
Hydrogen cyanide (H13CN) 431.660 431.23 - 432.09
Carbon monosulphide (C34S) 433.751 433.32 - 434.19
Silicon monoxide (SiO) 434.120 433.69 - 43455
Carbon monoxide (C180) 439.088 438.65 - 439.53
Water vapor (H20) 439.151 438.71 - 439.59
Carbon monoxide (13CO) 440.765 439.30 - 441.21
Carbon monosulphide (CS) 440.803 439.33 - 441.24
Hydrogen cyanide (HCN) 443.123 441.65 - 44357
Lithium hydride (LiH) 443.957 44351 - 444.40
Water vapor (H20) 448.001 44755 - 448.45
Hydrogen Sulfide (H2S) 452.390 451.94 - 452.84
Hydrogen isocyanide (HNC) 453.270 452.82 - 453.72
Carbon monoxide (CO) 461.041 45950 - 461.50
Carbon monosulphide (13CS) 462.331 461.87 - 462.79
NH2 462.400 461.94 - 462.86
Heavy water (HDO) 464.925 464.46 - 465.39
NH2 469.300 468.83 - 469.77
Water vapor (H20) 474.689 47421 - 475.16




2-4 275GHz

(GH2) (GH2)
Silicon monoxide (SiO) 477.503 477.03 - 477.98
Heavy water (HDO) 479.947 479.47 - 480.43
Heavy water (HDO) 481.780 481.30 - 482.26
Carbon monosulphide (C34S) 481.916 481.43 - 482.40
Oxygen (02) 487.249 486.76 - 487.74
Water vapor (H2180) 489.054 488.56 - 489.54
Carbon monosulphide (CS) 489.751 488.12 - 490.24
Heavy water (HDO) 490.597 490.11 - 491.09
Carbon (CI) 492.162 49052 - 492.65
Carbon monosulphide (13CS) 508.528 508.02 - 509.04
Heavy water (HDO) 509.292 508.78 - 509.80
Hydrogen cyanide (H13CN) 517.970 517.45 - 518.49
Silicon monoxide (SiO) 520.878 520.36 - 521.40
Carbon monosulphide (C34S) 530.071 529.54 - 530.60
Hydrogen cyanide (HCN) 531.716 529.94 - 532.25
Methylidyne (CH) 532.700 532.17 - 533.23
SiH2 536.600 536.06 - 537.14
Methylidyne (CH) 536.800 536.26 - 537.34
Carbon monosulphide (CS) 538.689 536.89 - 539.23
Hydrogen isocyanide (HNC) 543.897 543.35 - 544.44
Water vapor (H2180) 547.676 547.13 - 548.22
Carbon monoxide (13CO) 550.926 549.09 - 551.48
Carbon monosulphide (13CS) 554.715 554.16 - 555.27
Water vapor (H20) 556.936 556.38 - 557.49
Silicon monoxide (SiO) 564.244 563.68 - 564.81
Ammonia (15NH3) 572.113 571.54 - 572.69
Ammonia (NH3) 572.498 571.93 - 573.07
SiH2 575.800 575.22 - 576.38
Hydrogen cyanide (HCN) 797.433 794.77 - 798.23




2-4 275GHz

(GH2) (GH2)
Formylium (HCO+) 802.653 799.98 - 803.46
Carbon monoxide (CO) 806.652 803.96 - 807.46
Carbon (CI) 809.350 806.65 - 810.16
Hydrogen isocyanide (HNC) 815.684 812.96 - 816.50
Carbon monosulphide (C34S) 818.745 817.93 - 819.56
Silicon monoxide (SiO) 824.186 823.36 - 825.01
Carbon monosulphide (13CS) 831.523 830.69 - 832.36
Carbon monosulphide (CS) 832.057 829.28 - 832.89
Oxygen (02) 834.146 833.31 - 834.98
Methylidinium (CH+) 835.070 834.23 - 835.91
Hydrogen cyanide (H13CN) 863.069 862.21 - 863.93
Carbon monosulphide (C34S) 866.804 865.94 - 867.67
Sulfur hydride (SH) 866.900 866.03 - 867.77
Silicon monoxide (SiO) 867.457 866.59 - 868.33
Sulfur hydride (SH) 875.200 874.32 - 876.08
Carbon monosulphide (13CS) 877.591 876.71 - 878.47
Carbon monosulphide (CS) 880.899 877.96 - 881.78
Carbon monoxide (13CO) 881.273 878.33 - 882.15
Hydrogen cyanide (HCN) 885.977 883.02 - 886.86
Lithium hydride (LiH) 886.500 885.61 - 887.39
Formilium (HCO+) 891.558 888.59 - 892.45
Heavy water (HDO) 893.639 892.74 - 894.53
Hydrogen isocyanide (HNC) 906.239 905.33 - 907.15
Silicon monoxide (SiO) 910.710 909.80 - 911.62
Carbon monosulphide (C34S) 914.844 913.93 - 915.76
Water vapor (H20) 916.172 915.26 - 917.09
Heavy water (HDO) 919.310 918.39 - 920.23
Carbon monoxide (CO) 921.800 918.72 - 922.72
Carbon monosulphide (13CS) 923.633 922.71 - 924.56
Carbon monosulphide (CS) 929.723 926.62 - 930.65




2-4 275GHz

(GH2) (GH2)
Hydrogen cyanide (H13CN) 949.299 948.35 - 950.25
Silicon monoxide (SiO) 953.943 952.99 - 954.90
H3+ 955.000 954.04 - 955.96
Carbon monosulphide (C34S) 962.865 961.90 - 963.83
Carbon monosulphide (13CS) 969.649 968.68 - 970.62
Water vapor (H20) 970.315 969.34 - 971.29
Nitrogen hydride (NH) 974.479 973.50 - 975.45
Hydrogen cyanide (HCN) 974.488 971.24 - 975.46
Carbon monosulphide (CS) 978.529 977.55 - 97951
Formilium (HCO+) 983.925 980.64 - 984.91
Heavy water (HDO) 984.138 983.15 - 985.12
Hydronium (H30+) 984.697 983.71 - 985.68
Water vapor (H20) 987.927 086.94 - 988.92
Water vapor (H2180) 994.634 993.64 - 995.63
Heavy water (HDO) 995.412 994.42 - 996.41
Hydrogen isocyanide (HNC) 996.771 995.77 - 997.77
Silicon monoxide (SiO) 997.155 996.16 - 998.15
2005 MilliM eter
Array(MMA)
WRC- 97
50.2 71GHz



WP 7D

5.
«( )
. 71GHz 624 629GHz, 649 653GHz
SMILES( ), 80 850GHz LMSA(
)
. 71GHz
71GHz
6.
3 71GHz
4
1.
941 175GHz , 200 280GHz

5 115GHz( 1 2GHz), 125 175GHz( 1 2GHz) 2005



85 115GHz( 1 2GHz), 125 175GHz( 1

2GHz), 220 270GHz( 1 2GH2)

1 | : 1) 1999

2077.4MHz, : 36kHz,
2256.0MHz, : 3MHz, 300.0MHz . 45MHz
NRO 10 115GHz
WP7C WP7D CPM Draft
JRD7D- 9D
85GHz

, 2000

(TRAO, Taeduk Radio Astronomy
Observatory), .14

) 10 5

SIS , 85 116GHz 124 175GHz

(SRAO, Seoul Radio Astronomy Observatory)
6
, 2000
SIS
85 116GHz 124 175GHz : 220 270GHz
10 5



o 85 116GHz
EESS(active) 94 94.1GHz
10 5
SIS
, 86GHz (late type stars)
SiO
110~116GHz ;
CO, HCN, CS and HCO+

O3 at 101.7, 110.8GHz, SiO at 85.6, 86.2, 86.8GHz, CS at 98.0GHz,

CO at 109.8, 110.2, 115.3GHz, HC3N at 81.9, 90.9, 100.1, 109.2GHz,

HCO+ at 89.2GHz, CH30H at 94.5, 95.1, 96.8, 107.5, 109.3GHz, C2H
at 87.3GHz, HCN at 88.6GHz, SO at 86.2, 86.8, 99.3GHz, N2H+ at

93.2GHz, CN at 113.5GHz.

O3 at 101.7, 110.8GHz
o 124 175GHz

SiO

SiO at 1284, 128.6, 129.4, 130.3, 173.7GHz, CS at 138.7, 147.0GHz,
H2CO at 137.5, 140.8, 145.6, 150.5GHz, HC3N at 154.7, 163.8GHz,
DCN at 144.8GHz, DCO+ at 144.1GHz, NO at 150.4GHz, H2S at



168.8GHz.

O3 at 142.2GHz

o 200 310GHz

: : (CIO)

(CO) (J=2- 1)

CO at 219.6, 2204, 230.5GHz, SiO at 214.1, 215.6, 217.1, 260.5GHz,
CS at 231.2, 241.0, 245.0, 277.5, 289.2, 293.9GHz, HDO at 225.9,
241.6, 313.8GHz, HCN at 265.9GHz, C2H at 262.0GHz, HCO+ at
260.3, 267.6GHz, SO at 206.2, 215.2GHz, CN at 226.6, 226.8GHz,
NO at 250.6GHz, H2CO at 218.2GHz, H30+ at 307.2GHz.

CIO at 204.4, 278.6GHz, O3 at 206.1, 276.9GHz, HOCI at 202.5,
270.8GHz, HO2 at 265.8GHz, H202 at 204.6, 270.6GHz, NO at
250.4GHz, NO2 at 275.0GHz, N20 at 201.0, 276.3GHz, HNOS at
269.2GHz, HCN at 265.9GHz, CO at 230.5GHz, SO2 at 203.4,
267.7GHz, OCS at 206.7, 267.5GHz
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VLBI Network(KVN)

Korea

116GHz

, 200

1 2GH2z)
10

WP7C WP7D

KVN ,
VLB 21GHz , 85
VLB
200 275GHz
94.1 175GHz
280GHz
85 115GHz( 1 2GHz), 125 175GHZ(
2005 85 115GHz( 1 NRO
115GHz
CPM Draft JRD7D-9D
5 CPM

71GHz

71GHz



71GHz 275GHz (ITU-R
RA .314.8)
- 3 millimetre window (71 116GHz) :
- 2 millimetre window (120 190GHz) :
- 13 millimetre window (200 275GHz):

warm gas, dust

mm ITU
Resolution 723(WRC- 97) 71GHz
C )
71GHz
71 275GHz 1 AS(amateur), ASS(

amateur- satellite), RLS(radiolocation), RNS(radionavigation), RNSS(radio-
navigation- satellite), BS(broadcasting) ,BSS(broadcasting- satellite), M SS(
mobile- satellite), 1SS(inter- satellite), FSS(fixed- satellite) , 2

space- research(space- to- Earth), AS, ASS, RLS

(MMA, LSA, LMSA)
(SMA, LMT) 850GHz

71 275GHz ITU-R RA.314-8

. 275GHz
900GHz



71GHz 71- 275GHz
(EESS) (SRS) , Clo

. 275GHz

381GHz
, 1000GHz

275GHz

. FS, MS, AS, RLS

( : 100 km )
BS BS
MSS, FSS
BSS BSS
RNSS, ASS, SRS RNSS, ASS, SRS
line- of- sight : 71GHz
71GHz ,
ISS
ISS
line- of- sight
ISS (116GHz) CO

ISS



FS
114.25 122.25GHz

. 200 275GHz : ,
. MS, AS FS
ISS
pfd , 116 122.25GHz, 174.8
190GHz : MSS, FSS, BSS
MS, AS FS
ISS PFD , 11
6 122.25GHz, 1748 190GHz
MSS, FSS, BSS
RNSS, ASS MSS, FSS, BSS
RLS, RNS
( 1
).
71GHz . 100 km
ASS ISS

71 275GHz



71 275GHz

(71 116GHz,
136 170GHz, 200 275GHz ) (CO, CS, HCN,
HCO+...)
RR S5.149
71 275GHz
71 275GHz
(86 92, 109.8 1118, 164 167, 182 185, 226 231,
250 252GH2z) (100 102, 116 122.25,
150 151, 156 158, 1748 1765, 200 202, 235 238GHz) . 156
158GHz 2018
105 109.8, 111.8 114.25, 12225 126, 167 168,
1745 1748, 217 226GHz . 71 275GHz 1
1485 150, 151 151.5GHz/155.5 156,
158 158.5GHz(2018 ) 1765 182, 185 191.8GHz/230
231.5GHz
. 275GHz 275GHz

RR S5



3 WRC 1.17

(18.6 18.8GHz )
1 1.17
117 18,6 18.8GHz ( )
C )
SG7  WP7C( ) ITU-R Question
215/7 . SG4( ) WP4A
2
3
WP4A FSS( ) pfd(power
flux density) -82dB(W/m2200MHz) WP7C FSS pfd
- 101dB(W/m2200M Hz)
pfd - 95dB(W/m2200M Hz)
- 88dB(W/m2 200M Hz) 1 - 95dB(W/m2
200MHz)
2 1
PDCP(Preiminary Draft CEPT Position
for WRC2000) : FS FSS :

CEPT
pfd no comment
. WRC SG7 WP7C



186 188GHz (Fixed Service, FS)
¢ ) C )
1
WP7C 1997 6
PDNR(Preliminary Draft New Recommandation) . 186 188GHz
EESS( ) WP7C  Document 9D/143 WP9D
(validity) 05
/km2 FS (suitability) radio link
31 186 188 GHz
31186 188GHz FS
Doc. 9D/143
10 km 5 km
- 38 dBi
back -10 dBi -18 dBi
power -19 dBW/MHz
power - 3dBW/200MHz +4dBW/200MHz
co- channel 05 /km2 004  /km2
186 18.8GHz - 317
- 12dBW/5MHz
R 38dBi 03 06 m
338.145km2 304,593 km2
( ) co- channd 15km 30km 004
/km2 : 5km 15 km
246 0.0007

( )/ km2 : 317 (occupied)



( ) 1% . 186GHz

317 186 18.65GHz . Document
9D/ 143 2 186 188GHz
side side
56.50B 446.684
side 280
8dB 645 dB side
1,533560 : 05
/km2 3%
200 MHz
- 14dBW : - 3dBW 7dB
195 125 dB side
. 125dB
05 /km2 186 188GHz
- 3dBW/200MHz - 3dBW/200MHz
4dBW/200MHz EESS
2.

7C/TEMP/132 Document

18.6 18.8GHz
PDNR
WP7C

pfd FSS EESS( )
Ka FSS

(power)



FSS

pfd ITU RR(Radio Regulation)
FSS

S21 18.6 18.8GHz
- 105dB(W/m2MHz)
(W/m2200M Hz)

pfd

MHz 36MHz
40W TWT
spot
200MHz RF
90 -82dB(W/m2  pfd
54dBi
3.2m

FSS

- to- noise ratio)

200MHz
FSS
FSS
26dBW
. 18.6GHz
pfd
pfd

pfd

C/N+M=pfd+A- Lf- 10Log(kT B) dB

M (dB)
(  10Log(mt DZ /4) . D
, Lf (pre- demodulator)
(-2286 dB(J/K), T , 300cK),

2x 108 Hz
FEC, Viterbi )

31 (Article) 28 pfd

(Article)

pfd -82dB

40
RF
FSS

C/N(carrier

A(dB[m3)
] E

(eq 1 dB), k

C/N  4dB(QPSK, 1/2 rate

18dB(high definition FM/TV)
5dB 20 dB
FSS



. Im

3-2 FSS
FSS

nadir 400 FSS GSO

e

L] B B 1% 12 14 i o]
L0 achiewe required pertomiance (98}

31 28 pfd FSS

"
Eorrlefind Biameter [Fm] ’f'_ﬂ‘_ﬂ_,..--"'
L] _____,_,_J-—"'_'_'__.‘_
o
B2 ad BE £ B k3 e BE ;3 100 10z
i [dEWsa. m ger 300 MHz ()

pfd



(Fixed Satellite Service, FSS) (Earth
Exploration by Satdlite, EES) 186 18.8GHz
GSO 186 188GHz

EESS( ) : 2

(FSS) (EES) 186 188GHz

5 .5 186
18.8GHz EES

: pfd,

: . 186

18.8GHz space- borne

18- 19GHz (23.8, 36.5 89, 183 GHz

- Radar Altimeter Remote

Sensing : 32 SSM/I

MIMR TRMM-TMI TROPIQUES- MADRAS
TOPEX-TMR

JASON-JMR 33

(@ (b)

FSS EES
(Jamming) : 2 lobe :
FSS EES

(number of contributions)



(GH2)
TRMM-TMI Tropical 35° Conical scan 10.7(HV), 19.3(HV),
Imaging . o 21.3(V), 37.1(HV),
radiometer 350 km Incidence 52 85.5(HV)
Swath 1400 km
TROPIQUES- Tropical 22° Conical scan 10.7(HV), 18.7(HV),
Imagin . o 23.8(V), 36.5(HV),
MADRAS oo aty | 817 km Incidence 55 89(,(4\,)), 157EHV;
Swath 65°
SSM/I Imaging 98.7° Conical scan 19.3 (VH) , 22.2(V),
radiometer 883 km Incidence 53° 37.1(VH), 85.5(VH)
(DMSP-F10) | Swath 758 km
MIMR Imaging 98° Conical scan 6.8, 10.7, 18.7, 23.8,
radiometer 705 km Incidence 50° 36.5, 89 _
Swath 1230 km all dual polarisations
TOPEX-POSEIDON | Calibration | Not Available No scan 18, 21, 37
TMR radiometer Incidence (T BC)
JASON-JMR Calibration | Not Available No scan 18.7, 23.8, 36.5
radiometer Incidence (T BC)
3-3 (a) ()
6 3B
(km) (deg) |(GHZz) (m) (dB) | (deg)
MADRAS 817 55 18.7+ 0.2 0.765 435 1.75
MIMR 705 50 18.7+ 0.2 1.60 49.9 0.59
JMR
3-3 (b)
Pixel
(km) 2.5% 6 I (msec) (sec)
B(%) cky (K
MADRAS | 42x84 >95 0.5 1 16 3.0
MIMR 22 >01 05 15 4(12) 2.3
JMR no

6 3B = 60N /D




FSS

FSS lobe EES lobe,
EES FSS
FSS EES back-
EES( ) FSS
: EES FSS
FSS
E..LP.R
footprint
EES
(Jamming) 33
F23 source FE5 o Graund . 1 Spsltering t Groumd o EEZ | Irraiel
P EIRT FFDin
33 segment
threshold FSS pfd
( Bn
(square- law detector)
Te
( Scene brightness) Ta dc
dc jitter(ac )

T =(Ta+ Te)/V (B ) T



Te overall G(RF

) (
) : cold
hot load.
offset . offset dc Vn = GK T&Bn
34
—; \"a : . ol -
— ] [.?'ﬁ a8 I‘;” il
>/ overall noise B¥ ==
Gain G Bo M
3-4
Pin = pfdin S S
, pfdin pfd(pwer flux density) : 0
pow er Pin = pfd (G406 )A 2/(4m)
CW dc Vi=
PInG (N/R)  VNVI = k TaBn'Pn
EIRPE
18.7GHz
. FSS EIRP  EIRPE EES
FSS GEO 3-5
boresigh a EES
d o = sin-Isin i /(1+h/R)], d = R sin(i- a )/sina
R . pfdin = EIRPE
[(L4mt d2
0 = oo exp(- ¢/6.19) : o0 =
15.1(11.8dB), @ off
Lambertian 0 = 0 0 cos(0 i)cos(O 1) : 0 i Or
o o = 1(0dB)

EIRPE pfdEo dfA : o df



. pfdE FSS

;’daluha pixel

main lobe pixel

EES
Pin = pfdeEo AGH6 )\ 2(d26m 4.)
link budget
3-4 3-5



3-4 MIMR budget
fre que ney data
center frequency (GHz) 18.7
free space wavelength {m} 1016
handwith {GHz) 0.2
Bobzmann constant (J/K) 1.38E-23
EES satellite data
orhit altituda (km) 035
max antenna gain (dB) 49.9
beam efficwency (%o} a5 -13 dB
lobe relative gam (dB) -5
min. incidence angle 45
antenna temperature (K} 250

radivmetrse sensivity AT (k) 0.5
Propagation computation
woangla (L 396
dstance d (km) 52
free space boss (dB) 131
atmospherk attenuation (dB/km 0.12
atmospheric attenuation (dB) 1.6
Seatte ving data Specular Speoular Lambartian
pinel size {kmL 484 case case WOTst case
a=12 dR a=0 dB i=r
$=0 h=0"
Temp. error] WIR Tat Ex I'F] FFDin EIRPe FFDe (spec W TFDe (spec{ PFDe (lmb)
Ye AT dB dBm  WB{mWml| dBm [ dBOW il | dBOW m [ dB{W/m
110 7.0 =129 =129 El =123 =113 =116
M) 4.0 -126 -125 T -122 -11i -113
k{1 32.2 -124 -124 B -120 =108 =111
40 3.0 -123 -122 10 -119 =107 =110
50 300 =122 =122 I1 ~113 =10 =109
Gl 282 -121 -121 11 -117 -105 -108
Til 285 =120 -1 20 P =117 =103 =108
B0 28.0 =120 =119 13 =116 =104 =107
) 27.4 -119 -119 13 =113 =10 =107
104 27.0 -119 -114 14 -115 =103 =106
34 MMIR budget 35 MADRAS
budget TMR-JIJMR budget
186 18.8GHz
FSS 200M Hz -122dBW/m2
FSs 1 2
GSO 186 188 GHz
EESS( )
16 FSS EESS

- 106dBW/m2



3-5 MADRAS

budget

frequency data
center frequency (GHz)

I8.7

free space wavelength (m) Lolé

Fandwith (GHz) 0.2

Bolzmann constant (1K) I.38E-23

EES satellite data

orbit aliitude (km) 817

max antemma eain {(dB) 435

beam efficiency (%0) 05 -13dB

Iobe relative gain {dB) Sl

min. meidence angle (L 45

antenng emperatune () 230

radiometric sensitivity: AT (K) LA

Propagation com putation

o gl | BB

distamce d {km) 1005

free space Joss (dB) 132

atmospheric atenuation (dBkm 012

atmespheric attenuaton (dB ) .6

Scattering data Specular  Specular  Lambertian

pisel =i (km 1000 case Case WOrst case

o=12 48 o= {H =
$=F =0
lemp. error] MIR Jat BxI'H PFDn EIRPe [PFDe (specPFDe (spec ] PFDe (lamb
B AT dhi dBm  dBimWinll| dBm | dB{W/me! | dB{Wim dB{Wine
] EXKi] -139 132 11 -120 10 -112
20 .0 =126 -11% 14 =117 =106 =%
3 322 -124 -117 I -ll6 -104 -7
4 3.0 =123 =116 17 =114 =103 =1
0 300 -2 -115 13 -114 102 -l05
] 202 =121 =114 [ =113 =101 =10
T 28.5 -120 -114 20 -112 100 -3
B 280 =120 =113 20 =111 =100 =103
oy 274 -11% -113 21 -111 -0 -2
100 270 =119 =112 21 =110 =04 =02
3-6 186 188 GHz FSS

(Coverage) extrapolataed to all populated areas in the

latitude range -40° to +60°

22 Conterminous, 2 off- shore for USA,

5 dB beamwidth 1.0°
Max. antenna gain 46.5 dBi

pfd -95 to -101.0 dBW/m2/200 MHz
Polarization RHC and LHC each beam

Bandwidth 200 MHz

Frequency reuse

Every fourth beam

Antenna pattern

Rec. S.672 with Ln = -25 dB and Lf = 0 dBi

186 188GHz

FSS

3-6



FSS EESS

37
3-7 186 188 GHz EESS
1340 km
66.0°
00
200.0 MHz
threshold - 155 dBW/100 MHz
Along track spatial resolution 30 km
Across track spatial resolution 30 km
15 dB
T OPEX/POSEIDON TMR JASON
JMR TMR/IMR
3-8
3-8
Approximate
length (km)
Western America 12000
Eastern America 15000
Eastern Europe + Eastern Africa 15000
Western Africa + India 10000
China, Eastern Russia 10000
Australia, Japan 12000
New- Zealand small islands 6000
80000
EESS FSS 3-6
R Rt GSO FSS Rr

EESS , @ EESS footprint( )



EESS

o
Rr
1
FSS
Rt R
0
3-6
Pr  Pr = pfd Aso SAr/(LtLrLpdt R2)
pfd FSS pfd As
footprint , 0 S Dbistatic , Ar
Lt
Lp
Ar 1A 2(16B 2)
3dB  (half) , footprint As T 2R2
3-7
3-12 : : 3

-132 dB

, Lr

3-9
3-10



Scattering Coefficient Model for 18.6-18.8 GHz

10
3
3
2
&
-25
0 10 20 30 40 50 &0 70 a0 o0
Incidence Angle, Degrees
Mean = = = =10th Percentile = = = =5S0%h Percentile
37
3-9 FSS EESS
(°) (°) o 0 (dB) o 0 (dB) o 0 (dB)
0 0 6 10 14
15 18 -9 -6 -4
30 35 -12 -8 -6
45 52 -15 -10 -8
60 68 -18 -13 -10




3-10 - 95dBW/m2/200M Hz

FSS pfd

©) 4 FSS 7 FSS
(dBW/100MHz) (dBW/100MHz)

0 -134 -132

15 -149 -145

30 -152 -150

45 -155 -153

60 -158 -156

3- 11 - 95dBW/m2200M Hz FSS pfd
. 4 FSS 7 FSS

(dBW/100M Hz) (dBW/100M HZ)

0 - 135 - 133

15 - 151 - 147

30 - 153 - 151

45 - 155 - 153

60 - 158 - 156

3- 12 - 95dBW/m2 200M Hz FSS pfd
- 4 FSS 7 FSS

(dBW/100M HZ) (dBW/100M HZ)

0 - 137 - 136

15 - 155 - 151

30 - 157 - 155

45 - 159 - 157

60 - 161 - 159




117 18.6 18.8GHz
FSS(Fixed Satellite Service) GEO, HEO, LEO
Spaceborne FSS GSO
186 18.8GHz EESS( )
WRC 1
2 ,
18,6 18.8GHz FSS(Fixed Satellite Service)
GEO, HEO, LEO Spaceborne
GEO FSS
50%
FSS pfd -101 dBW/m2200MHz
HEO LEO
3- 13 Spaceborne
500 km
90.00
boresight - 450 ( )
boresight (scan ) + 700 ( )
180d's

dBi Off , 6
570 00o< 06 < 020
210 020<0< 5h0
-140 550< 0 < 1900
-170 1900< 6 < 18000
1000 MHz
- 155 dBW /100 MHz

_ 1%

(interference threshold) 5%

Spaceborne




ITU-R SA 5153, SA 1028-1, 10291  Doc 4A/83-E 313
FSS USCSID GEO HEO . USCSID 12
GEO 8 HEO GEO A EEW 3
HEO P 8 1 58
on- booard
up- link down-link 18 21.2GHz
314 315
314 FSS
GEX( ) |HEX )| LEX )
( km 35788 39400 1400
km 35783 1000 1400
Sec 86164 43082 6827.1
0.72 0
deg 63 50
deg 270 0
315 FSS
GEO | HEO | HEO | HEO | HEO | LEO
km 35788 | 7500 | 12000 | 20000 | 39400 | 1400
dBW 19 95 125 15 15 N/A
100MHz dBw 29 -6.6 -36 -11 -11 N/A
dBi 51.0 510 51.0 510 51.0 N/A
Nair PFD |dBW/mZ2100MHz| -1082 | -104.1 | -1052 | -107.1 | -1130 | - 1050
Nair PFD |dBW/m2200MHz| -106.2 | -101.1 | -1022 | -104.1 | -110.0| 1020
CHa 180 | 180 | 180 | 180 | 180 | 180
212 | 212 | 212 | 212 | 212 | 22
deg 10 10 10 10 10 15




Scattering Coefficient,

pfd

dB

skylab

off-

39

38 off-

37

: \\\
6 \
8 \
-10 \
12 \
14 7
-16 T T T T
0 30 &0 g0 120 150 180
Off-specular Angle,
degrees
38
spaceborne 39
? Aﬁ:
P, = PFD - 4,0, W S o
4x - R,
FSS pfd As
footprint , 00 AR
LT LR

Lp



FS5

Passive
Sensor
Ri v
= o ;
39 FSS EESS
pfd pfd = PG/ 4t RZT Pr FSS
Gr FSS As = mA 2168 R As
A BR 3dB (half) . As
B RR cos(6 R
GEO
3-10 3-11 HEO 3-16 LEO
3-18
I roperogu B
“ i
\'l
0 2

310 GEO



oy o [
W o B
v Ll

Parcont of Time
Parcont of Time

i USRI+ U ] B ¢ SR - IR | I PV | O i USRI+ U [ (R 1 U - I - |
B o, T

311 GEO

HEO 3
2 312 314 , 3
313 , 315

Sensor

312 HEO 1 2



313 HEO 1 2

Pwrcant of Time
-
4
s?f

Parcont of Time
-
¥
4

- T

! ! 1

1

i ..

L B

13 13 5
1 5 13m0k .
o A E % o A e 18

A, e § AW

314 40 HEO

LEO 90 offset LEO
3-16 3-17 3-18



Percent of Time

10000000

10.00000

1,00000 E’p

X

010000 I Continuous, Phase 1

# Continuous, Phase 2
» Criterion

0.01000

s
¥
K
ml
0,00100 rL

0.00010 *

0.00001
=230 =220 210 -200 =180 -180 =170 -160 -150
R, dBWM0D0 MHz

315 4 3 HEO
| B I
1 1

a) b) 90 offset

316 LEO



317 LEO

LEO

Sensor

FSS GSO

318 LEO

900 offset
186 18.8GHz

EESS(

)



ITU-R SA. 1029-1

.16 GSO 24 spot
EESS
3-19
FSS beam 2
beam EESS
FSS FSS spot
2

FESS

|:| SATELLITE
[ -

B || "“_“‘x\
e
. SCATTERED F58
ENERGY
16 FS8 SYSTEMS
3-19 Spaceborne 16 GSO FSS
intra-
3-20 F1 F4 4 Spot
. 22 spot 4 GSO
GSO . 18.6
18.8GHz FSS 3-16
spaceborne
GSO FSS

skylab  S-193 3-21



Alaska

Hawan
3-20 off- shore 22 FSS
3-16 186 188 GHz FSS
2 , 2 off-shore
5dB 100
465 dBi
PFD -101.0 dBW/m2/200MHz
RHC LHC
200 MHz
4
Ln=25dB Lf=0dBi S.672
322 186 188GHz , -
0o 4 dB 100 , 9o

4dB

323 10




Parameter Value, dB

anseaBREEE

Seattering Confficient i)
il

10 Fy/ b ] €O b
Angle of Incidence (Dagraesh

Fig. 2. Skylab overdand observations. Regression lines shown
formean 0°< 8 < 11°,17°< 0 < 45°. Deciles 35° <
8< 11”17 <8 <as”.

321 Skylab S-193 (Scattermetor)

Log-Mormal Parameters of Distribution at 18.6-18.8 GHz

~., | | 1 4T

0 10 20 30 40 20 &0 70 &0 a0

Incidence Angle, Degrees

— priedian

Standard Deviatian

32 - (Log- normal)



Cumulative Distribution of Scattering Coefficient

7.00E-01 1
6.00E-01
5,00E-01 |
4,00E-01
3.00E-01

2.00ED +

Probability Coefficient is Less than Level

-20 -15 -10 -3 0 5] 10
Scattering Coefficient, dB

Vertical Incidence 10 Degree Incidence -« --- - - 10th Percentide +o0avvve A0th Percentile
323 10
. Normal
Bisector :

i Scattered ray
Incident ray y

324 Ground echo  Geometric Optics

bistatic 324
324 dx bisector



dx = (Pi - PY/2 . Pi , ®s
Out- of plane 325

Bisector Normal
: Scattered ray
Incident ray

®i

325 Qut-of plane

3F2%6 ®&p ds
®p O ds 45 specular



-101BW -8 dBW/mZ200MHz pfd
GSO NGSO
317 NGSO NGSO pfd  GSO
pfd 5% - 95dBW/ M2 200MHz
4 NGSO pfd 5%
- 99dBW/m2 200MHz
317 NGSO
PFD NGSO
dBW/m2200MHz N=1 N=2 N=3 N=4

-101 0.16 0.34 0.65 142
-100 0.27 0.65 156 376
-9 0.52 143 392 9.88
-98 1.06 333 953 217
-97 2.21 7.15 195 39.2
-9% 4.46 14.1 340 588
-95 8.19 24.2 50.8 76.0
- 136 36.8 67.2 884
-3 20.6 509 80.7 %B5
-92 289 64.3 0.3 98.6
-91 380 76.1 9B.7 0.7
-90 476 8.7 98.6 09
-89 576 925 0.6 100
-88 674 96.7 0.9 100
-87 765 98.7 100 100




18.6 18.8GHz Project EESS( ) FSS( )
pfd : pfd
pfd 101 dB(W/m2200MHz)
Document 7C/temp/68
high rate Doc 4A/37
pfd -90.4dB(W/m2200 MH2) (
) : Doc7C/65, 7D/48(1998)
ADEOS (Advanced Earth Observing Satellite-1l) (Doc
7C/temp/ 65 ) 1GHz 40GHz EESS( ) AMSR

(Advanced Microwave Scanning Radiometer)
. AMSR 18,6 18.8GHz

(snow depth), (sea ice)
AMSR ( ) NASA
/EOS- PM 1 NASDA
ADEOQOS- 11 EOS-PM1 2000
FSS
ADEOQOS- 11 AMSR 18.6 188 GHz
FSS EESS( )
WP 4A pfd -90.4dBW/m2
/200 MH2z)
FSS FSS
. FSS EESS( )
PDNR 1997 6 WP7C
7CIT emp/ 132

18.6 18.8GHz AMSR/ADEQOS- 11 3-18



3-18 186 18.8GHz (AMSR/ADEOS- I1)

(Orbital Altitude) 803 km
(Orbital Inclination) | 98.60
(Center Frequency) 18.7 GHz
(Bandwidth) 200 MHz
(Beam Width) 0.650
Integration
(Incident angle) 550
V/H( )
(Swath) 1600 km
Dynamic 27 340 K
NE T(1lo) 0.7 K
depth
Document FSS pfd
FSS
45q 1800 : FSS
7C/T emp/132 . FSS
pfd (contour) 3-19
7C/Temp /132 : 3-19 spot
pfd
FSS
pow er
7C/T emp/132 (1)
bi- static 00 7CIT emp/ 132 00
. 7C/Temp/132 (o]

( 10%) : bi- static



Skylab . bi- static

300 -10 dB
3 300 -12
dB : bi- static 600
-10 dB
bistatic pdf
Pr = N* pfd*(A 2* 1t /(64cos(B ))) *oco* LAL* LA2*Lp
N = FSS (=2), pfd FSS power flux density,
A= (0.016m), 6 = (=559, co= , LA = FSS
(-02dB), LR = (- 0.2dB)
Lp= (-3dB)
3-19 pfd FSS spot Off- axis
pfd(dBW/m2200M Hz) Off- axis )
pfd ® < 0.1o 38 %
pfd -1 dB 0los & < 0.230 20.1 %
pfd -2 dB 0230 ® < 0.3250 40.1 %
pfd -3 dB 0.3250< ® < 0.3980 60.2 %
pfd -4 dB 03980< ® < 0.45% 80.1 %
pfd -5 dB 04590 < @ < 0.5130 100 %
FSS AMSR @ cos(p) = cos(90- EL+0 )x cos(B )
EL FSS (=459 FSS . 0
AMSR(=59 . B FSS
o B B
( ) 1000 : oo
7C/T emp/132 1 -5dB . 0o =-5 AMSR(Pr)
Pr = pfd - 52 . 320 pfd Pr
320 T Pr

- 15dBW/200M Hz(=- 155dBW/100MHz) ITU-R SA 1029-1



3-20 -100dBW/m2200MHz  pfd
1 dB 7C/ T emp/ 132
- 101 dBW/m2200MHz) (2
4) FSS (550 450 ,
7CIT emp/ 132
AMSR 187GHz 2
F2 1K AMSR
07 K 03 K
- 100dBW/m2200M Hz -99dBW/m2
200MHz pfd AMSR
320 AMSR
pfd(dBW/m2200MHz) | Pr(dBW/200M Hz) T(K)

-90 -142 229

-01 - 143 182

-2 -144 145

-93 - 145 115

-A - 146 091

-95 - 147 0.72

-9% - 148 058

-97 -149 0.46

-98 -150 0.36

-99 -151 029

-100 -152 023

-101 -153 0.18

FSS 800 @ 600 go
- 10dB AMSR
5 5dB -94 dBW/m2200M Hz

pfd



321 AMSR 187 GHz
025 mm/h 1K 2cm 1K 5( ) 3K
0-10mm/h | 200-240K | 0-50cm | 220-245K | 0-100% | 220- 260K
186 188GHz FSS
AMSR FSS AMSR
pfd ITU-R SA 1029-1 -100
dBW/m2200MHz AMSR -99 dBW/m2200MHz
-99 dBW/m2200MHz FSS AMSR
FSS
2 ® < 0lo pfd 1dB
WP4A
FSS pfd -904 dBW/m2200M Hz . FSS
5 CPM
ITU-R CPM 18.6 18.8GHz 1999 4
WP4A WP7C 1.17
18.6 18.8GHz ( ) ( )
WP4A  WP7C
1998 7 FSS
pfd(power flux density) EESS( ) pfd

CPM



1. CPM

W RC- 2000 1 2
3
AGP2000- 1 A GP2000- 4 1
FS FSS WP7C
CPM pfd - 95dB(W/m2200M Hz)
FSS
Document 4A/138 1997
10 14 18.6 18.8GHz 180
2,784 17,033
4,249 779 46
pfd 159.82
dB(W/m2MHz) -98.12 dB(W/m2MHz)
619(  15%) -118.55
dB(W/m2MHz) 3325 (76%) 924
. 186 18.8GHz
pfd ,
pfd (Doc
4A/51) (C/IN)  4dB
18dB(high definition FM/TV)
5dB 20 dB
pfd FSS
- 95dBW/m2200M Hz
- 88 125 m 60 cm
18.6 18.8GHz
Doc 4A/172 -88dBW/m2200 MHz

- 88dBW/m2200M Hz



. WP4A  Doc 4A/37 2003
- 90dB(W/m2 200M Hz)
- 95dB(W/m2 200MHz)

70cm 1
3
ITU-R CPM Draft )

EES( : ) SR( : )

18.6 18.8GHz 2 1 1,3 2
FS, MS, FSS( ) 1
S 5522 S5.523
FSS pfd FS
FS FSS
EESS( ) GSO FSS EESS( ) FS
. EESS( ) GSO
FSS CPM Draft GSO FSS pfd
3-22 3-22 pfd - 95dBW/m2200M Hz
EESS( ) 5%
.EESS( ) FS CPM Draft
FS 0dBW
FS - 3dBW
FS ITU-R. F 699-4
WRC-2000 ESS ( ) SR( )
FSS pfd -95 dB (W/m2200MH2)
FS
EESS
FS FSS

GSO FSS FS



1 EESS( )
FSS FS RR
3-22 GSO FSS pfd
p.f.d. GSO FSS land masses
dB(W/m2
- 200 MH2) 4 8 16 4 8 16
- 101 2.4% 2.1%
- 100 0.3% 7.8% 0.3% 6.7%
-98 0.3% 3.2% 32.1% 0.3% 2.8% 27.6%
-97 0.8% 7.9% 43.3% 0.7% 6.8% 37.2%
-96 2.0% 16.1% 50.1% 1.7% 13.8% 43.0%
-95 4.4% 26.5% 54.5% 3.7% 22.8% 46.9%
-9 8.6% 36.3% 58.3% 7.4% 31.2% 50.1%
-93 14.9% 43.6% 61.6% 12.8% 37.5% 52.9%
-92 22.9% 48.7% 64.6% 19.7% 41.8% 55.6%
-91 31.5% 52.6% 67.5% 27.0% 45.2% 58.0%
-90 38.9% 56.1% 70.3% 33.5% 48.2% 60.4%
- 88 49.4% 62.2% 75.9% 42.5% 53.5% 65.3%
- 86 56.7% 68.1% 82.7% 48.8% 58.5% 71.1%
-84 63.1% 74.3% 92.2% 54.2% 63.9% 79.3%
-82 69.4% 82.8% 98.0% 59.7% 71.2% 84.2%
18.6- 18.8 GHz 1 (FS)
(FSS) , 2 ( , EESS)
) ,
FS FSS Koreasat 12 14GHz
7 8GHz . EESS

7 8GHz




TT&C

UHF/VHF : Down Link X . FS
FSS Infosat Ka , Eastsat
L, C, X, Ku, Ka , Globalsat X, Ka
.EESS
18.6 18.8GHz :
TT&C UHF/VHF :
Down Link X 186 18.8GHz
1 ,
2 . WRC- 97 RR
pdf spaceborn
18.6 18.8GHz APT
pdf ;
WRC- 2000 Draft 18.
6 18.8GHz WRC- 97 (NOC)
2. CPM
18.6 18.8GHz 1 EES( ) SR( )
: 1 3 2 EES( ) SR( )
. FS, MS  FSS( ) 1
S5.522  S5.523 FSS
pfd :
( )
. 186 18.8GHz
. 186 18.8 GHz FSS
FS . FS

ITU-R SA.515- 3, SA.1028-1, SA.1029- 1

(Medium hop link)
F.761



RR pfd
GSO FSS
ITU-R 18.6 18.8GHz [200MHz FSS pfd
112dBW/m2 ;
100MHz 155dBW
, 200MHz
101dBW/m?2 pfd GSO FSS
GSO FSS pfd limits 200MHz
82dBW/m2
GOS FSS GSO FSS 48 16GSO FSS
3-22 GSO FSS
4
: 8 16GSO FSS
4
, EESS( ) :
50% (
) 18.6 18.8GHz FSS pfd - 95
dBW/m2200M Hz 4-3)(1 4 ) 5%
pfd limit ITU-R SA. 1029-1
17dB ( )
3-22
: 100% :
pfd
, scanning Spot beams
GSO FSS pfd limit :



. ITU-R 12

(HEO : highly elliptical orbit) FSS pfd - 95dBW/m2
186 188GHz EESS( )
. LEO GSO HEO
LEO pfd : spaceborne
LEO FSS pfd
, 18.6 18.8GHz LEO FSS
pfd
18.6 18.8GHz 95dBW/m2 GSO FSS
, 13dB
4/6GHz 11/14GHz  (21dBW)
50dBi spot 3dB
- 92.2dBW/m2 : GSO
: EESS( )
: footprint :
, pfd
GSO
FSS 18.6 18.8GHz 92dBW/m2
, GSO FSS . 323
pfd C/l 11dB 17dB
RR pfd 82dBW/m2200M Hz , 18,6 18.8GHz
95dBW/m2

FSS



3-23

Clear sky C/N 11dB 17dB
pfd(dB(W/m2per200MH - 88 -92 -95 - 88 -92 -95
2)
300K 0.13 0.21 0.30 0.27 0.42 0.59
600K 0.19 0.30 0.42 0.38 0.59 0.84
1000K 0.24 0.38 0.54 0.48 0.77 1.08
3-24
GSO
. ITU-R S.1328
Annex 2 600K
C/(N+I) ,
. ITU-R S465-5 S.580-5
. pfd 95,92,88dBW/m2 200M Hz
. FS
3-24 (20 ) (meter)
C/(N+I) 11dB 17dB
pfd(dB(W/m2 ) / 200MH2z) 88 | 92 95 88 92 95
300 K 063 | 063 | 0.63 | 1.81 | 1.92 | 2.09
600 K 063| 064 | 063 | 1.89 | 209 | 240
1,000 K 064| 066 | 064 | 1.98 | 230 | 2.75
ITU-R S.1328(Rev.)
66cm , 101 82dBW/m2



200MHz  pfd

, 101dBW/m2200MHz pfd 66Ccm
92M bps : 2.5dB
98 dBW/m2 200MHz 66cm
120M bps : 98dBW
/m2200M Hz 66cm 120M bps
18dB, 22dB
5.5dB : 13dB 88dBW/m2

/200MHz
2 GSO FSS



14
85- 175GHz
, 10 5
SIS , 85 116GHz 124 175GHz
2000
6
SIS 85 116GHz 124 175GHz :
0 270GHz
94.1 175GHz 200
280GHz 85 175GHz
200 275GHz
WRC- 2000 , 71
275GHz
85 115GHz (

1 2GHz), 125 175GHz( 1 2GH2) 2005 85 115GHz (

1 2GHz). 125 175GHZ( 1 2GHz), 220 270GHz( 1
2GH2z)

S5.149
WRC2000
APG2000 S5.149
1.17 FS FSS

22



APT

« )
«( )
4-1 4-2 186 18,8GHz
18.6- 18.8GHz WRC- 97
(NOC) , 1.17
1.16 ITU-R
4-1 18.6 18.8GHz
: «( ) ( )
C )
, 10 20MHz M/W, 5 MHz
M/W
18.6 18.8GHz
pfd
18.58 18.75GHz 10 20MHz
18.76 18.82GHz
5MHz




4-2 ITU-R 18.6 18.8GHz
1 2 3
, ()
ITU ( ) (
« ) ( ) (
C ) C ) )
C )
(ITU-R  F595)
(EC) WRC95/WRC97
« ) : ( )
C )
FCC TV
C ) C )
(1), (2)
, PTO
« ) ( )
C )
(statio) 18.6
18.8 GHz




[1] APG2000 Korea report

[2] http://www.rrl.go.kr/~wrc

[3]
[4]
[5]
[6]
[7]
[8]
[9]
[10]
[11]
[12]
[13]
[14]
[15]
[16]
[17]
[18]

ITU-R document

ITU-R document

ITU-R document

ITU-R document

ITU-R document

ITU-R document

ITU-R document

ITU-R
ITU-R
ITU-R
ITU-R
ITU-R
ITU-R
ITU-R
ITU-R
ITU-R

document
document
document
document
document
document
document
document

document

7D/102- E
CPM99- 2/60- E
7C/127- E
7C/129- E
7C/28- E
7C/29- E
7C/21- E
7C/180- E
7C/181- E
CPM99- 2/4- E
7C/101- E
7C/1171- E & document 7D/73-E
7C/163- E, " CPM submission"
7C/27- E
7C/194- E
7C/152- E
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