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Antenna unit type Wide band
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Bandwidth 8 GHz

Transmitting power 20 dBm

Ranging method FMCW
Frequency modulation method Linear triangle

Frequency modulation

Up to 1.25kH
chirp rate b to g

Antenna gain 44 dBi

48 (3%)

Maximum number of radars

per a runway
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= 4 ITU-R #45 M. 2501-0 (ZE0# ST 2 B EE 46
Parameters Values
Frequency range (GHz) 92-100

Channel plan

See Fig. 3 (X 16)

Channel bandwidth (GHz)

0. 58-7.98

Output power (mW)

100-200

Spectrum envelope

See Annex 2

Sweep frequency (

kHz)

1.25

Antenna type

Cassegrain

15




Antenna gain (dBi) 44
Antenna pattern Recommendation ITU-R F. 699
Antenna height (m) 4-8

Full width at half maximum Elevation: 1.0,
antenna gain (3 dB beamwidth) (degrees) Azimuth: 1.0
Antenna rotation speed (rpm) 15
Detection distance (m) 200-500
Antenna elevation angle (degrees) —-1.8 (see Annex 3)
Radiated rotation angle in azimuth (degrees) +60

Radar cross section specification (dBsm) -20
Fmission bandwidth (=3 dB) (MHz) 1 (see Annex 2)
Emission bandwidth (—20 dB) (MHz) 3.5 (see Annex 2)
Adjacent channel leakage ratio (dBc) < =70
Receiver noise figure (dB) 10

I/N protection criteria (dB) -6

Channel plan for foreign object debris detection system operating in the frequency range 92-1000 Gz

(a) Channel plan A including the band 94-94.1 GHz!

A
e - *
7.98 GH=z
(b) Channel plan B excluding the band 94.0-94,1GHz
Bl I B2
- " . " -
1 88GH=z 5.88GHz
() Channel plan C excluding the band 94.0~94.1GHz
ca || e C3 c4
- - _— - -
1.88GH= 1.88GHz 1.8BGHz 1.88GHz

(d) Channel plan I excluding the band 94.0-94.1GHz
pi p2 D D4 D5 D6 D7 D8

A pp— e pp—— e pp——— '-_.-_H_‘f-’
0.88GHz 0.88GHz 0.838GHz 0.88GHz 0.88GHz 0.88GHz 0.88GHz 0.88GHz

() Channel plan E excluding the band 94.0-94.1GHz

El E2 E3 I E4 E5 E6 E7 E8 E9 El10 Ell El2

A - g A A A A 4 A A
0.58G 0.58G 058G 0.58G 0.58G 0.58G 0.58G 058G 058G 058G 0.58G 0.58G
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BN OHIBRERA R R EB ~OT B L L TORET L OMENLETH D,
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AXRYT NT LT FIAFIFF—Y A MEZEH L, SFHOA~—FIFHRHETL—4F

— & LT,
o | ===k BREEE
ARTT x4 93.4GHz |
PSA \

X 15

16

_______________________

L—2 =S IERRIN GRHE 1)

| ——

e o




10:52:28 PMMar 09, 2020

F Agilent Spectrum Analyzer - Swept SA == \@

Marker 1 A 10.000000000 MHz Trig: Fres Run :yﬁr{:&’ﬂuﬂfmn ""‘:C:E"AZJ—AﬂSﬁ Marker
PNO: F : = v
IFGain: Ifu‘:v " Atten: 20 dB DET|A NNNNN SelectM er»
AMKkr1 10.00 MHz 1

{9 gBidiv Ref 10.00 dBm -65.863 dB
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/= Y
200 / \ Deltaj
N // \\ el | _65.8dBc

500 o
N
600
T~ 142,
700 e el 20N - [ 4 —r Y
20T - L
< >
800
More
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msa | dJFile <20200308001.csv> save d STATUS
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ARY DT BT FTAFOREIOWTL, A/81% 20MHz, RBW=1MHz, VBW=3MHz & L. f&
P — i/ A ZEDT= DT T NVERIE L T %, OF (55 DRANENEITH LT, B
¥ 10MHz TIX/ A A L-YL3-65. 8dBc Th-o7=,

(2) k2
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_______________________

o | FSWH BiREEs
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Multiview = Spectrum [ spectrum 2 .

Ref Level 7.92 dBm  Offset -2.08 dB ® RBW 1 Mz
SWT  12ms VBW LMHz Mode Auto Sweep

Inp: Extiv w
-20
,,,,, \ -74.6dBc

| \
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S Wiy L
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T PR T (T T P

‘*‘.’wvv“\"i".“"“\" pw.\d*\\ T 20MHz LT 'Jn\“f it e
0
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18 T 2 oI AR
AR ]\?AT‘J‘?ff*f@%Qﬁ?KOb\’U;’E\ ANV E 20MHz, RBW=1MHz. VBW=1MHz & L. *ﬁ
WE— RIE ) A RPEDT- D AR LT 5, OF (ZR0RKBHEIR L. HETE
B 10MHz TiX/ A AL~ 3-74. 6dBc ThHoT-,

(3) F##t 3
ARG NT AT FTAFIExF—H A MERAFER UEAE I HRATL—F—L B L
Tre AW I IV ~Du— NV ATNIIE SREL L EER A LT,
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ARNTF —— = —
PSA  3-4GHZ =¥Y 93.4GHz
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c
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“Agilent Spectrum Analyzer - Swept S8 (=T~
- ALIGN A 07:44:52 2020 Marker
N Avg Type: Log-Pwr ™ 356
arker 1 A 10.020000000 MHz ___ 7= Trig: Free Run Avg|Hold:>100/100 ™
IFGain:Low Select Marker

#Atten: 10 dB
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1,_?,5’9““' Ref -10.00 dBm -64.091 dB

. }\L hacmal
/ 'Y
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— Y v
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More|
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20 SR 3 LTS HIIERER

2T NT AT T ITAFOBREIZHONTIL, A0 % 20MHz, RBW=1MHz, VBW=3MHz & L. &
E— NI/ A RXPEDT=DY L TIVERE LT D, CWAGHORKEIMEITT LT, BEFRE R
10MHz T/ A ALYL3-64. 1dBc Th-o7-,

(4) 5 4
AR NSGATFIA I —F L 2 U VA URAR I R cL—4—¢&
B LT, AR I T~ — UV ANTIHME B34 & g as 2 H L=,

EEsts H xo 22062

PSG . . ‘
o BERXRE | CRERSE
ARTT [ sy

FSW 3.4GHzZ 93.4GHz .. y

c
I
|
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MultiView = Spectrum .
Ref Level -20.00 d8m  Offset -2.08 dB ® RBW 1 Mz
Att 0dB SWI_ 1.01ms VBW {Miz Mode Auto Sweep

P 300 ¢
/ \ 10.0100 MHz|
[ ML[1}}-20.85 dBm.

/ \ 3.4182570 GHz,

/ ‘\ -73.6dBc

"
i J
WO ek i i LT S ‘
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f.ﬂ'pml‘rll e 20MH7 ety
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o
Lt

(CF 3.418277 GHz 1001 pts 2.0 MHz, Span 20.0 MHz
measuring... MMEMNL we 10032010

22 R 4TI ANIERER

ARG NT AT FITAFOBREICHOVWTIL, A7 1F 20MHz, RBW=1MHz, VBW=IMHz & L. 5k
— RIZ /A RXEDT= DY TNAEEET D, CWAGHOERKEIMEITK LT, BERE R
10MHz TIE/ A ALUL3-73. 6dBc ThH-o7-,

PLEOWPEMRE E L O RER SITRT, L—F—L W HNENDEFATHONTE, B
JERE 10MHz ([ZBWTHMERIZH LT, F—P A FORIERDEEE-60dBe LI, @2—F =
T OPERDEEE-T0dBe LLFDED ) A ALYV Tdh D Z EDVnoT-,

3 HEREEL 10MHz (2RS4 X1L~9YL

L—H—HA(CWEB)D

B 58 R R A1 OMHzIZ B 14 PSAY)—X FSWi)—X
B/14XLRIL (F—YAhit) (a—F2a7Lvit)
(K 77120dBmBEs)

AEREABIXYICES

BeE -65.8dBc -74.6dBc
SNEO—hILEERRS S

ggﬁaabtt:;&ﬁu -64.1dBc -73.6dBc

Flo, AT NTLTFIA RO IF V2T L2 & &, EAREIFHI VN —I U E
BEFEHTAHEEICBNT ) A AL UIRET o7, 1212 L, AT N T LT F 740D
WHES ) A AL~ ZIEREREVRH D72 T HHERIC LD MERR DREER D,
CW [E5DOBEREEAL 10MHz 1231 25/ A RO FRIEER DOV, A RRFEICKE LT Y . K
ELSHETAICEn—F 32U Y HRZFNSZ ENZEE LV,
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72k, HHEE ORI T AIRINE NN TR, MEERED 10MHz PURINAES% CW
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4 BRI 21 —vav
BT X 2 Lb—a AR T o7 T ORI Z SUOtHIN TR T 5 $ O Th D, 220D L—
B —DRES SN DB ONRRE 12 2 2 b—ra v L, FEEEROME R BRI AT 5
b, THEHICHWAELZEE T 72DIZFE L7,
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X125 K D26 13— IR B2 D H DRI/ % — % 3D KO2D TRLIEZSDTH D, — IR 2
D Bt CH RRE VR CHEED R RFREDZE MBI S 4, K27 1R SO #RIAZ~D 3D 7T
FTRAETHIREOZ BN SND A, ZE0BEE BN D DIFHEH TR T 207 7~ 6 FEdL 72 M4 EEl T
b5, ITU-R EiEORHT 1006Hz £ TOEEEEZET /ULL TS EDD 5 H, Kt L
— A =T L WD R L —&—D Reference HpfhZ < LTV A ITU-R RS. 1813
1 ZBW LU CTHRETT O, B TTU-R RS. 1813-1 (REND T T/ — o DT T L (LU
T, ITUR =7V EWD) TlE, REOZEITETT /UEEN TRV, £/ 1TU-R £F7 VTl
A% 69° LIk 180° LLFO#FAICE W COEEMFEOER EEEDOHRTEE DHFEFS A
SINTWD, ZIUIEFET AN 00 2D 69" OMEEZ LR E L TET /MEInT
WHELEZ LD, SEIORGCURELE 722 @BHEKHEET 7 F o 90° Ao &
FEEERIE L, FARENENZ &b H 0 ML EE > TCHEERN RV ORBRTH D, =
D= HIFER, ITU-R ET /v, BRESYRMTe E R D THECHER T 2 Z E BB/ > TL b, £
BT K DITEME, ITU-R E7 /0, EREFWATIIEE — 25O A BT Hokh—Bzr
LTW5,

dB(RealizedGainTotal)
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aTheta (deg)

120
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-20

-25
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Min: -256
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Curve Info

—— dB(RealizedGainTotal)
Setup : Lastadaptive
Freg="100GHZ Phi=0deg’

—— dB(RealizedGainTotal)
Setup1 : LastAdaptive
Freg="100GHZ Phi="90deg’

-90

26 —WidER (MABEREE) @ 2D 727 Gain /~"\F—2

dB(RealizedGainTotal)
Theta (deg)
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120

dB(RealizedGainTotal)

Min: -28.5

X 27  EEREFYEHTCROT-T 7 F Gain @ 3D FEt & —

X 28 & [X29 12 ITU-R BTV EFESNTT 7 FHlGZ2 ERCORY, AEREIE 120°
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PEE DI —BE R T D LN TED, —HTEI0" HHEHTIEL ITU-R ET/VHR—
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EVAT LD ) A X7 0T Mz T 5 LIFENREE Th 5 L b b,
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5 ZEPEFOD L—F — LT 5V AT A
5.1 MEINDILH AT A
ZEPEFOD L — & — & LT, RIS — R EB & L CIERME E IS /Bl STV 592~

100GHz DJEREHZ WD TETH D, Mi% 90GHz HrDOJEREE IV HZEHF0D L—& — L fih o
AT AL ORISR ZREGTT D0 e LT, RN ORENEIND M
WHCT o 581~92GHz JiM92~109. 5GHz AkfGe b LIz (R4xSM) [16] [17], Z4H DK
BN TS T D ERIE. B R CES 18], BRI 23R/ TRt (B K OHE
), EEXROBEES CThH519],
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* 4 MR JEEERES (10-2756Hz) 2 b ok

RIS o e 1~ 4 Gtz
5 : K e BN 4R (G
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T 07 THHER (ZE)
S BWERX
LtESy
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136 Jes4  J285 HERRIR AR (REEh) 136 B
EEFL ﬁ{ﬁ&
105-109. 5 HE
T TR 91.1-95 W J56 B
81-84 713 136 ah . -
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RERE bt
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B (IR 5T ) HERAK 5 =
¥ 95-100 HE EE
WO (P 136 J268 B

84-86 H-"\L-' Eﬂ"}lH 111, 8-114. 25 HE
P || - el ERATTRE 136 B
EElE ST
WEWE (85T LEESY FERE EH) 296
. 100-102 HEREEWE (2 114.25-116 HERFARE (ZEY)
86-92 [CER i (EEh) W (28)
1107 = (Z#) J1or r;:‘;,‘,'l '; ==
e, 1K X

5.2 HH=ET L

[X] 40 |2, ZEHEFOD L—&'— L LHT 2 VAT AL OBWRICEIT 2 2~ d, [FRIE, 1
EHDT- V12B %R ERMHIRRE L2 2 & 2 480E L7258 0220 FOD L—4 —DRlE A A — T
DD, ABFITIE, BRABENVEEIND LIGE LT, 72721, ZEENDOIREROREIZ L > T
I3 ARIOARO L—F —OFES, Wil & A EdE A SO B IBE TE 5, FODEMEIT 5
7o, WAERIZHT CRN SN2 ERIE, WERm CTRA L, Z0ik%, B RICEBH D
TRTT T PICEET DL, ZOBE, kLB RKSCEBHONRTRT T 7RI, (e
NHLLAITIE, [BPHERR PICK VT2 b d D, ZEHFOD L — & — 5 I T
i, HIERPRERT R O N THEEICH L TERBAEET 5,
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40 2K FD L—F— LI 2T AOME (MHBLEDOSS)

5.2.1 BN SCER & DA

KAITRSND L DT, 81-109. 5GHZAHIIE, BIRICEBORIL TRH Y, 2D H B85, 5-
92GHZ BT DWW TILEBI K SCER Ot 22 E 3 L L CRBEE SR CRIERENEE L
AW CH D Z L BRI LETH D,

Eio, BRKCES & OTWRFNCIE, B% TTUR - RAT69-2 (2H 2 THBIfE[20] &
RA. 1513-2 (2 D FURFAT — 2R [21] & IV T2,

i FH IR ZE R C 331 2 FERESRBRIC A5\ VT ZEPEFOD L— & —DJEFHIOIRNRES & | 2k i o
SORHIR A BT LT, 2 ORERA PV CRRIM SRR & . PN 2 O, BRI
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7
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HEIZEER (@R HERZE)
OFODL — X —D B FERW £ SREETHIE
Qg EEMEIC B S R B HEIE

~ - ~ -

ITU-R R4.769-2 ITU-E E&.1513-2
BIEF I TBFEL L) BT TibRTEED
O B HEEEHERER

SOEHFEIRIIELSE/E (F17TZy )
GAFRRZTI_L SR (ITU-R P.6T6-12)

=5 4 L

/TRRE TIEETER L DR (81-109.56Hz)
- < B EE BT Si%r92-100CHz

12 . VIBI4 5 B 1.05 . 5-990Hz

41 ERRSCES L o

5.2.2 BRI SER (BN OWEE) & O

BAETIE, 90GHz HiA WD HEREARIEES (28 2oV Tk, TR 7ER 5k
#E (JAXA) 232012 TS R TKIEERZAE TR TL4 < (GOOM-W) (ZHE S vz @t o
P—ThHEMRE~A 7 2k E 2 (AMSR2: Advanced Microwave Scanning Radiometer
2) &, [T JAXA 22023 FREFT BT FETH DIRELNRAT A - IKTEERBIAE TR (GOSAT-
GW) (ZH SN b xzEE Y —Th D ERE~ 1 7 n It EE 3 (AMSR3:Advanced Microwave
Scanning Radiometer 3) 23849 5.

F7- 90GHZH % IV N2 HIBRVEAS TR ZERS (BEENICHOVWVTIL, TS Bisshs (JAXA) K OMEH
WIEHFFERERE (NICT) & BROINHREE (ESA) & 2vERITRIZE L, 2022 4EEICHT BIF 2 T
LTCWAEZT o VLS I v a  (EarthCARE: Earth Clouds, Aerosols and
Radiation Explorer) |[ZH## SN 2EEENE h—ThHIETn 774V T L —F—

(CPR: Cloud Profiling Radar) 233241 5,

INHE 2 OZENR ORI Y —Z oW TR, BET HITU-REIEIC Y AT LT
[22] [23] R O A HE[24] [26] 3HUE STV D,

HER R A AR (%) THD AMSR2 MOAMSR3 2MEA$2 8% 86-92GHz, HIERIE
BEEED (BBE) THD CPR MMEMT 2T 94-94. 16GHz &£72> T\ 5,

B R SCEBOLA L RIS, B ERRZEHRIC BT D FEREEER T 7= 22 #EF0D L — &' — &
PO S & Ze i BRI O NGB 2 VT, 2o ORERESRRER (%8 kO (jE
g & OLMRREA TR LT, Zods, HEREEERTREFER (X8) IToW T, EEEMEL
THORBEE XLV 2379 TAMSR3) O &84 LT,
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OFE BZEMERES (EEBROEE L OFEE : KT, BE. BB
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HBRERARIR SRS & OILHIBET

5.2.3  [EEGIE K O BIBIE LR & 03

] A5 K OB EhE s 365 & OG5 & LT,

86GHz ZFIFH9% 80GHz BRI s AT AN 5.

80GHz 7 MMM T A T I & OILARRGEHE, BRI S X T LOSZ(E L~ (2R RUE)
EHEL, TOENMEEIEEE LT, ZBHF0D L— & —3 EORETSE 5.2 20 FHEH LRG
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RIS L MERIR R EE L O ETRE L T 5 T KOREEIT -T2,
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W6 ® ARG
6.1 FERRKICEL L O HBRE

K44 \ZEW R ICEG & OILABRGETET VETRT, L—X =0 b OEROHER KL
1° FHIZANTWD, 12 PIZRT B — 20K R M OSE (EHEK) O FERIE-63dBn
& AT OEmICH T OWEEZ BT L2 LICED, L—F—0bbD 1° TJ
(RS SN BN EAERE CRIT 5 2 LIk > T 22dB BERE L WD Z ENghd, £
2. K12 SRR R - /120dBm & V22dBiE U7 E T d 52, 0dBm AL I 1 TR
FLT2Z LIZ R DKREHFMOTFHES & L ARG E1T- 7,

FIXE
L—4—-mEHEHF+20dBm
ThHaN. L—I-FETR7TTETA 0dBi
(LR Bt EAMELDTHETEICE |
22dBEMEBSOH D ELED, ) . /
-} L2 — p y
_ EEAEH ﬁtﬁﬁﬁﬁéﬁﬁ* -.\ h,
[ &v22dBiLVE :
AEmE - BERERE

44 BHFICER L ORABHET L

AT OFHE T, B RZEREHHRKL 0GR E LTl (B ITU-R P. 525 ©@) )
Z Ao, ZEHFOD L—&—DEU DU T, AT 1 M4 72 U O RFOD L— & —#u 31258
ToHD, LOUARETCIL, FERORE mTREEZ A, K AR LS 2 2 TH D, BEIRA
(2 K2 LRS- VA EEAFRE LT- L UE LEVR AT o 72, #HRRE R A2 R T,

#X 1 B HZRIGIRE RO

Lpr = 324 + 20log f + 20logd dB
where:
[ frequency (MHz)
d: distance (km).
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#5

g & TR SRR & DA

BV 2t~ JHE Y ek~ Ze P S BIME E£ C FOR[EE
FHH Unit VERAA SRR | VERAAKBLNE > — | pomme 01 jokmpl b 9370 (LI 1%
b R e BT (Tn-Band
(In-Band (In-Band (Tn-Band / 92-1006H2)
/ 92-100GHz) / 92-100GHz)
77 S S5
Sy 1%, HH+20dBmE S L v
S _ _ _ ~ R
ElEE S dBn 2.00 89.70 2.00 2,000y S e s % 4
TR A T S,
& 48. 00 48. 00 48.00 48. 00| A5 o 7= 0 Jie R S
?;i;r 77777 1.00 1.00 1.00 6. 00|[E R HRAT I & 5,
@7k “ 48. 00 48. 00 48.00 288. 00
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oG 5 GHz 92-100 92-100 92-100 92-100
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EATHEISIED MHz 8000 8000 8000 8000
T TR
7 IR dBi 44 0 1 14
(itu-r rs.1813-1
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PR ) dBn 58. 81 -72. 89 58. 81 66.59(eirp
AP 7 g | B 19.78 -111. 92 19.78 27. 56|eirp-10%log (B)
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Radar-RK A M [kn 27. 167 27. 1655 112 126. 6
B H 22 R R L. Smib RO PEEZ VS
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(itu-r p.525-3 p.2 R VAR R & BERfEL. Sm
. . q. 4) 57 LRIL
[ 1 G S I _
’ RRTA A LB
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p. 23 fig. 10)
[GIE/E PN v o esye
(itu-r p.526-14  |dB 0. 00 0. 00 0.00 61.161 L‘m@“’“*ﬁjy\w/‘“*
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p. 452-16
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7T R dBi 0. 00 0. 00 0.00 0. 00
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RAS dBm -151. 81 -283. 51 -198. 05 -258. 33
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(itur 1o, 769-0.5 |dBn -159. 00) -159. 00) -159. 00 -159. 00|[ESL K AL Y TR
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/MHz
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6.2 MEEREARIERS (SR ORER) L OIERRR
6.2.1 HIBREAHTIRERS (2B) & DI

HWHBFOXIG L 70 5 NTRERIL, 2023FEITIT LA TE STV DIRERAT A - K
TEERBLI BT 2 (GOSAT-GW) TH V| ik S T 58 % —(XAMSR3 (Advanced
Microwave Scanning Radiometer 3) T& 5,

HERGEERTEES (F) [2OW T, 20124RIHTH B b, @R HTH 5 /KTEER 2 Bl
B TL3°<) (GCOM-W) & W) A THRICHER SN IZdt o —Thsd AMSR2 b D |
Z AU, 86-92GHz =T B TOZE £ — 0 TlE, Kb T EZ T T Ve —T
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B 2 AT ML USRI
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DP. 525-31253< H ZEMHRIEI LN P. 676~ 121285 < REAHF A A L DK,
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#6 HERESRRES (8 & OT PR HER
B 2 5 %ggggé i B 25 1 2
_ ¥ (ZH) 3 1 ESACT )
A Unit (I ) i (A
(86-92GHz) (86-02CHz) (86-92GHz)
EEED mW 100 100 _—
Mgz T v 2 VLR E
b dBm/MHz -50 -136 —
R?dea)r & 192 192 —
LAERRSE ok dB 22. 83 22. 83 —
b G JE I K GHz 86-92 86-92 _—
L JE K GHz 89 89 —
7 T R
(itu-r rs.1813-1 dBi -15 44 —
pp. 1-2)
iR AN R Y] dBm/MHz -42.17 -69. 17 _—
Radar—f & IFF Hff km 1066 1066 _—
e | B MR
it i (itu-r p.525-3 p.2 dB 191.94 191.94 —
(té\ 5& ) eq. 4)
KGR H AT X K o
Gt p 676-12 ) dB 0. 45 0. 45
fif Bk (L8) 87.5-90. 5GHz, _—
7T TR dBi 62.4 62.4 —
v — A E  (3dB) degree 0.15 0.15 e
NPy R days 3 _—
(RX) LH @& A = [|] /day 14. 6666 _—
N 76 L km/s 6. 802680726 —
ZIRENEE dBm/MHz -172.16 -199. 16 -172.15
TFUWFREIEE dBW/100MHz -169 -169 -169
TFWrRENEE dBm/100MHz -139 -139 -139
TFWIrFRENIEE dBm/MHz -159 -159 -159
=y — dB 13. 16 40. 16 13. 15
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F T HEREEEEEE (SE) CoTUEERERER &5)
B 2 25 *“{g;;; fg& i B 25 1 2
_ ¥ (ZH) S e o ¥ (ZH)
IEE Unit S [{%iﬁﬁi‘%ﬁ Az
(BB ] % ] (&3]
(86-92GHz) (86-92GHz)
) (86-92GHz) )
EEEN mW 100 100 _—
S i > L AR EE
%%; T AVEEE dBm/MHz -50 136 —
R?dea)r 1= 288 288 —
5t B %
BREHRE K dB 24. 59 24. 59 —
G JE I K GHz 86-92 86-92 —
EARTRYES B % GHz 89 89 —
7T R
(itu-r rs.1813-1 dBi -15 44 —
pp. 1-2)
iR AN R Y] dBm/MHz -40. 41 -67. 41 _—
Radar—f & FE Hft km 1066 1066 _—
e | B MR
(e (itu-r p.525-3 p.2 dB 191.94 191.94 —
( té\ 5& ) eq. 4)
KGR H AT X Bk o
(itu—r p.676-12 ) dB 0.45 0.45
fif Bk (L8) 87.5-90. 5GHz, _—
7T F R dBi 62. 4 62. 4 —
v — A E  (3dB) degree 0.15 0.15 e
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TFUWFFREIEE dBW/ 100MHz -169 -169 -169
TR E S5 dBm/100MHz -139 -139 -139
TFUWFREIEE dBm/MHz -159 -159 -159
=y — dB 11. 40 38. 40 11. 39
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6.2.2 HUERERERIRIEE (REE)) & OIS
(1) 72 FOD L— &' —h0 HIERPRARIE Y (REB)) ~OT
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541C, HHERVEERTEER (BEEH) THD CPR (I 90deg) &ZEHFOD L—&'—L DI
MR ET V7T, CPRIFE F2BUHH 5728, Z5HF0D L—4—@HE, HIZCPR2MH Y, CPRDAA > 1
—7 LZEEFOD L— X —DH A Ru—T OAEE L RDDONEEr —ATh D120, ZOREr
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THDHI LD, 28 FOD L— 2 —1HM7= 0 2O\ T, EREROREEL 20dBnTH 5,

F7-, AR LB CPR OBHEPHIICAS DIL, 2 MEROETE, 5T 2 WBEKDS 475D
19 THY, D OZNSOMEROWEI D, 258k FOD L—F =M S b7, EERIC L 5T
WEIHREIT DR LD, ZBHFODL—X —DEERETH L, 48X 2+ (48/3) X2=128F &
2%, TERWD L, BUAKIPHNO 2T OZEHEROD L —Z —/In B OE R OREE I NEE T
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S (EarthCARE) OIREENEAEEE SF L 393kn THDHZ ENOHEESND, ITU-RENED
P. 525-312H5< HHZEREHHERL KLY P, 676-1212 < R H A2 L D%, CPRD
ZAZT 7RI 65, 2dBilC KV CPRAZAGT 2 EHE O O TWENEZHET D,
ZDFER, CPRISZAET DEHW DO OTWFES)IT-87. 74dBn(R8) TH Y . ZiA CPRD
ZETHECOTWEN LD, —FH T, BBV —DOTUTFREELZ T [TU-RENE
D RS. 1166-4IZHESNTWAFHHRENE L LI, MEOETn 77 A4 ) T L—F
— & B LT, CPROMERES M L L7722 &, CPRTIX 10kmiZdo 7= > TF— & &2 f555 4 581
B RR®HLZ LR LUIRER. CPROTHFIAE)IT-128dBn L 72 > 72, CPRISZAET 2T
WENEL, ZOTWHRENZ ERIDZ 6, fiRE LT, AN TE RN LR EN
77
% 2T, ZEWFODL—& —Tid, CPRANEM SN D 94-94. IGHz 2 L7 &) F ¥ 1
NVERER A5 2 L & LT, AR 2T o i RIZ OV T, RIITRT,
ZOHAITIE, CPROMERT 5 94-94. 1GHz (%, ZEHEFOD L — &' — A3l 32 JE 5k oD Ak
GhERD Tl T6.2.1 HIBREREM TR FER () & OLMMET & [FERIC, Z2HF0D L—
X —DIREEIVERLEL, BT~ DEEE 1% T H 5 -50dBm/MHz 43 H FIRE Cd 5 728D
ZEPEFOD L — & — 154 72 D (DU T, EEE OR(E 8 /1% 2 13-50dBm/MHz & 72 5
Ihab L, CPROVZIET DEBEK O TWENEELRET S L, -157. 74dBn/MHz TH V) |
I CPROZIETHECOTFWENEEL D, —FHT, AbO & B0 | CPROTHFFRE
F113-128dBm Th V) . FDOZEHIHIEIL 300kHz (0. 3MHz) T H7-8. TR EIEE T
~128dBm/0. 3MHz, 372> 5-122. 77dBm/Miz & 72 %, £ - T, CPRAYZIET D T /1 I,
ZOTWIHIFRENEE L TR S0, F v RVEBER AEH L725812i%, TR TH S
Z R EINT,
BEFETIT, ZEWFODL— & —H08 61REIY O 48x6=288R 27 > o i DR R %
IR T, ZOFMETH-TH, HHETH D Z PRI NT,
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#8 HEREA RS (EF) & OTHREREE (Fyw)
HER R A 2
HH Unit ¥ (RE@h)
(1B 295
(94-94. 1GHz)
< {1 902 >
mi 100
EIEE
dBm 20
Radar
(Tx) B = 128
Rt e g 6 5k
dB 21.07
RO JE 2K GHz 94. 05
7T F R A .
(itu-r rs. 1813-1 dBi -10
pp. 1-2)
5 38 PN i R ) dBm 31. 07
Radar—1# 2 i B km 393
’fi{m&% Em%%ﬁ'fi\‘%ﬁ%
G4y | (twr p.5253 p2 dB 183.76
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T8 & Bk Articleb of Radio Regulations Introduction X ¥ $if
ARTICLE 5

Frequency allocations

Introduction

51 In all documents of the Union where the terms allocation, allotment and
assignment are to be used, they shall have the meaning given them in Nos. 1.16 to 1.18, the terms
used in the six working languages being as follows:

IFI‘&:que‘ncy French English Spanish Arabic Chinese Russian
distribution to
Services Attribution Allocation Atribucion &HF B4 pacnpeneneHHe
. (attribuer) (to allocate) (atribuir) (&%) * (pacmpenenaTs)
Areas or Allotissement Allotment Adjudicacion Ut S BBEIICTICHHE
countries (allotir) (to allot) (adjudicar) () Gley (BBIIEIATE)
L Assignation Assignment Asignacién aads ‘5 IIpHCBOSHHE
Stations : 2 : : TRED
(assigner) (to assign) (asignar) (o) (IIpHCBAHBATH)
Section I — Regions and areas
52 For the allocation of frequencies the world has been divided into three Regions!
as shown on the following map and described in Nos. 5.3 to 5.9:
3 3
— 160° 140° 120° 100° 80° 60° 40° 20° 0° 20° 40° 60° 80° 100° 120° 140° 160° 180° =
C Sl s SR |a . P
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75 = 2 [COLTT . fc Iy A s 75
ot ””f’@\% N ] A T
R N \% b |8 Ay & P { 7@&‘ Ve
i‘\ﬁﬁo}ﬁ; M) é {//// Vs - IS L Mﬁ:\—r
- = 1 =
60° ' f\ T éj AREGION 1] A 6
janwim p St A | 2 T ~p
= |recion?2] A B g‘\: L '
40° K ! ?ﬁ}, ‘(é‘ I 173 = J{f (i P l-"q\i 40°
" i & e =5)) /
\ A W ] | v s » .
30 L N \_Z X T 30
20oN— = — > - = = A 20
3 ™ i 1\_ A ( M R e \
- ‘:_)/rk— . ey Un 7 Q = "?ﬂ 3 = o
0 \ s \ } B NTERN
Ay o ) PtV L I | P
20° Se el < 20
30° \J j/J L (L—-’r \‘ 30
N T b ¥4 'd;“a 40°
EEION 3] { nai : i ‘ . ION 3 :
60° C B A 60¢
°g160° 140° 120° 100° 80° 60° 40° 20° 0° 20° 40° 60° 80° 100° 120° 140° 160° 180":?
501
The shaded part represents the Tropical Zones as defined in Nos. 5.16 to 5.20 and 5.21.
1 521 It should be noted that where the words “regions™ or “regional” are without a capital “R” in these

Regulations. they do not relate to the three Regions here defined for purposes of frequency allocation.
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53 Region I: Region 1 includes the area limited on the east by line A (lines A, B and
C are defined below) and on the west by line B, excluding any of the territory of the Islamic Republic
of Tran which lies between these limits. It also includes the whole of the territory of Armenia,
Azerbaijan, the Russian Federation, Georgia, Kazakhstan, Mongolia, Uzbekistan, Kyrgyzstan,
Tajikistan, Turkmenistan, Turkey and Ukraine and the area to the north of Russian Federation which
lies between lines A and C.

5.4 Region 2: Region 2 includes the area limited on the east by line B and on the west
by line C.
55 Region 3: Region 3 includes the area limited on the east by line C and on the west

by line A, except any of the territory of Armenia, Azerbaijan, the Russian Federation, Georgia,
Kazakhstan, Mongolia, Uzbekistan, Kyrgyzstan, Tajikistan, Turkienistan, Turkey and Ukraine and
the area to the north of Russian Federation. It also includes that part of the territory of the Islamic
Republic of Iran lying outside of those limits.

5.6 The lines A, B and C are defined as follows:

i Line A: Line A extends from the North Pole along meridian 40° East of
Greenwich to parallel 40° North; thence by great circle arc to the intersection of meridian 60° East
and the Tropic of Cancer; thence along the meridian 60° East to the South Pole.

5.8 Line B: Line B extends from the North Pole along meridian 10° West of
Greenwich to its intersection with parallel 72° North; thence by great circle arc to the intersection of
meridian 50 West and parallel 40° North; thence by great circle arc to the intersection of meridian
20° West and parallel 10° South; thence along meridian 20° West to the South Pole.

59 Line C: Line C extends from the North Pole by great circle arc to the intersection
of parallel 65° 30" North with the international boundary in Bering Strait; thence by great circle arc
to the intersection of meridian 165° East of Greenwich and parallel 50° North; thence by great circle
arc to the intersection of meridian 170° West and parallel 10° North; thence along parallel 10° North
to its intersection with meridian 120° West; thence along meridian 120° West to the South Pole.

5.10 For the purposes of these Regulations, the term “African Broadcasting Area”
means:
511 a) African countries, parts of countries, territories and groups of territories situated

between the parallels 40° South and 30° North:
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5.12 D) islands in the Indian Ocean west of meridian 60° East of Greenwich, situated
between the parallel 40° South and the great circle arc joining the points 45° East,
11° 30’ North and 60° East, 15° North;

5.13 c) islands in the Atlantic Ocean east of line B defined in No.5.8 of these
Regulations, situated between the parallels 40° South and 30° North.

5.14 The “European Broadcasting Area” is bounded on the west by the westemn
boundary of Region 1, on the east by the meridian 40° East of Greenwich and on the south by the
parallel 30° North so as to include the northern part of Saudi Arabia and that part of those countries
bordering the Mediterranean within these limits. In addition, Armenia, Azerbaijan, Georgia and those
parts of the territories of Iraq, Jordan, Syrian Arab Republic, Turtkey and Ukraine lying outside the
above limits are included 1n the European Broadeasting Area. (wrC-07)

5.15 The “European Maritime Area” is bounded to the north by a line extending along
parallel 72° North from its intersection with meridian 55° East of Greenwich to its intersection with
meridian 5° West, then along meridian 5° West to its ntersection with parallel 67° North, thence
along parallel 67° North to its intersection with meridian 32° West: to the west by a line extending
along meridian 32° West to its mtersection with parallel 30° North; to the south by a line extending
along parallel 30° North to its intersection with meridian 43° East; to the east by a line extending
along meridian 43° East to its intersection with parallel 60° North, thence along parallel 60° North to
its intersection with meridian 55° East and thence along meridian 55° East to its intersection with
parallel 72° North.

5.16 1) The “Tropical Zone” (see map in No. 5.2) is defined as:
517 a) the whole of that area mn1 Region 2 between the Tropics of Cancer and Capricorn;
5.18 b) the whole of that area in Regions 1 and 3 contained between the parallels 30°

North and 35° South with the addition of:

5.19 1) The area contained between the meridians 40° East and 80° East of
Greenwich and the parallels 30° North and 40° North;

5.20 1) that part of Libya north of parallel 30° North.

3921 2) InRegion 2, the Tropical Zone may be extended to parallel 33° North, subject
to special agreements between the countries concerned in that Region (see Article 6).

322 A sub-Region is an area consisting of two or more countries in the same Region.
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81-86 GHz

Articleb of Radio Regulations ~81-86GHz™ X ¥ b

Allocation to services

Region 1

Region 2

Region 3

81-84

FIXED 5.338A

FIXED-SATELLITE (Earth-to-space)
MOBILE

MOBILE-SATELLITE (Earth-to-space)
RADIO ASTRONOMY

Space research (space-to-Earth)

5.149 5561A

84-86

FIXED 5.338A

FIXED-SATELLITE (Earth-to-space) 5.561B
MOBILE

RADIO ASTRONOMY

5.149

5.149

13 360-13 410 kHz.
25 550-25 670 kHz,
37.5-38.25 MHz,

73-74.6 MHz in Regions 1 and 3.
1

50.05-153 MHz in Region 1.
322-328.6 MHz.
406.1-410 MHz.

608-614 MHz in Regions 1 and 3,

1 330-1 400 MHz.
1 610.6-1 613.8 MHz,
1 660-1 670 MHz.
1 718.8-1 722.2 MHz.
2 655-2 690 MHz,
3 260-3 267 MHz,
3 332-3 339 MHz,
3 345.8-3 352.5 MHz,
4 825-4 835 MHz.

Tn making assignments to stations of other services to which the bands:

4 950-4 990 MHz.
4 990-5 000 MHz.
6 650-6 675.2 MHz,
10.6-10.68 GHz.
14.47-14.5 GHz,
22.01-22.21 GHz,
22.21-22.5 GHz,
22.81-22.86 GHz,
23.07-23.12 GHz.
31.2-31.3 GHz.
31.5-31.8 GHz m Regions 1 and 3.
36.43-36.5 GHz.
42.5-43.5 GHz,
48.94-49.04 GHz.
76-86 GHz.

92-94 GHz.
94.1-100 GHz,

102-109.5 GHz.
111.8-114.25 GHz.
128.33-128.59 GHz,
129.23-129.49 GHz,
130-134 GHz.
136-148.5 GHz.
151.5-158.5 GHz,
168.59-168.93 GHz.
171.11-171.45 GHz.
172.31-172.65 GHz,
173.52-173.85 GHz,
195.75-196.15 GHz.
209-226 GHz,
241-250 GHz,
252-275 GHz

are allocated, administrations are urged to take all practicable steps to protect the radio astronomy service from harmful
mterference. Emissions from spaceborne or airborne stations can be particularly serious sources of interference to the
radio astronomy service (see Nos. 4.5 and 4.6 and Article 29). (WRC-07)

1427-1 452 MHz,
92-94 GHz,

22.55-23.55 GHz. 30-31.3 GHz.
Resolution 750 (Rev.WRC-15)

5.338A In the
49.7-50.2 GHz, 50.4-50.9 GHz.
applies. (WRC-15)

1 350-1 400 MHz.
81-86 GHz and

frequency bands
51.4-52.6 GHz.

5.561A
basis.

The 81-81.5 GHz band is also allocated to the amateur and amateur-satellite services on a secondary
(WR.C-2000)
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86-111.8 GH=

Allocation to services

Region 1

Region 2 Region 3

86-92

EARTH EXPL.ORATION-SATELLITE (passive)
RADIO ASTRONOMY

SPACE RESEARCH (passive)

5.340

92-04

FIXED 5.338A
MOBILE

RADIO ASTRONOMY
RADIOLOCATION
5.140

04-04.1

EARTH EXPLORATION-SATELLITE (active)
RADIOLOCATION

SPACE RESEARCH (active)

Radio astronomy

5.562 5.562A

04.1-95

FIXED

MOBILE

RADIO ASTRONOMY
RADIOLOCATION
5.149

05-100

FIXED

MOBILE

RADIO ASTRONOMY
RADIOLOCATION
RADIONAVIGATION
RADIONAVIGATION-SATELLITE
5.149 5554

100-102

EARTH EXPLORATION-SATELLITE (passive)
RADIO ASTRONOMY

SPACE RESEARCH (passive)

5.340 5.341

102-105

FIXED

MOBILE

RADIO ASTRONOMY
5.149 5341

105-109.5

FIXED

MOBILE

RADIO ASTRONOMY

SPACE RESEARCH (passive) 5.562B
5.149 5341

100.5-111.8

EARTH EXPL.ORATION-SATELLITE (passive)
RADIO ASTRONOMY

SPACE RESEARCH (passive)

5.340 5341
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5.149 In making assignments to stations of other services to which the bands:

13 360-13 410 kHz.
25 550-25 670 kHz.
37.5-38.25 MHz,

73-74.6 MHz in Regions 1 and 3.
1

50.05-153 MHz in Region 1.
322-328.6 MHz.
406.1-410 MHz.

608-614 MHz in Regions | and 3,

1 330-1 400 MHz,
1 610.6-1 613.8 MHz.
1 660-1 670 MHz,
1718.8-1 722.2 MHz,
2 655-2 690 MHz.
3 260-3 267 MHz,
3 332-3 339 MHz,
3 345.8-3 352.5 MHz,
4 825-4 835 MHz,

are allocated, administrations are urged to take all practicable steps to protect the radio astronomy service from harmful
interference. Emissions from spaceborne or airborne stations can be particularly serious sources of interference to the

4 950-4 990 MHz.
4 990-5 000 MHz.
6 650-6 675.2 MHz.
10.6-10.68 GHz.
14.47-14.5 GHz.
22.01-22.21 GHz,
22.21-22.5 GHz,
22.81-22.86 GHz.
23.07-23.12 GHz,
31.2-31.3 GHz,

31.5-31.8 GHz in Regions 1 and 3.

36.43-36.5 GHz.
42.5-43.5 GHz.
48.94-49.04 GHz.
76-86 GHz.
92-94 GHz,
94.1-100 GHz.

radio astronomy service (see Nos. 4.5 and 4.6 and Article 29). (WRC-07)

5.338A In the frequency bands

49.7-50.2 GHz. 50.4-50.9 GHz.
applies. (WRC-13)

1 350-1 400 MHz.
51.4-52.6 GHz. 81-86 GHz and 92-94 GHz.

86

22.55-23.55 GHz,
Resolution 750 (Rev.WRC-15)

1427-1 452 MHz,

102-109.5 GHz.
111.8-114.25 GHz,
128.33-128.59 GHz,
129.23-129.49 GHz,
130-134 GHz.
136-148.5 GHz.
151.5-158.5 GHz.
168.59-168.93 GHz.
171.11-171.45 GHz,
172.31-172.65 GHz,
173.52-173.85 GHz,
195.75-196.15 GHz.
209-226 GHz,
241-250 GHz,
252-275 GHz

30-31.3 GHz.



5.340 All emissions are prohibited in the following bands:

1400-1 427 MHz,

2 690-2 700 MHz, except those provided for by No. 5.422.
10.68-10.7 GHz. except those provided for by No. 5.483.
15.35-15.4 GHz. except those provided for by No. 5.511.
23.6-24 GHz,

31.3-31.5 GHz.
31.5-31.8 GHz. in Region 2.

48.94-49.04 GHz. from airbome stations

50.2-50.4 GHz2,
52.6-54.25 GHz.
86-92 GHz.
100-102 GHz.
109.5-111.8 GHz.
114.25-116 GHz.
148.5-151.5 GHz.
164-167 GHz.
182-185 GHz.
190-191.8 GHz.
200-209 GHz,
226-231.5 GHz,

250-252 GHz  (WRC-03)

2 5340.1 The allocation to the Earth exploration-satellite service (passive) and the space research service (passive)
in the band 50.2-50.4 GHz should not impose undue constraints on the use of the adjacent bands by the primary allocated
services in those bands.  (WRC-97)

5.341 Tn the bands 1 400-1 727 MHz. 101-120 GHz and 197-220 GHz. passive research is being conducted by
some countries in a programme for the search for intentional emissions of extraterrestrial origin.

5.554 In the bands 43.5-47 GHz. 66-71 GHz, 95-100 GHz, 123-130 GHz, 191.8-200 GHz and 252-265 GHz,
satellite links connecting land stations at specified fixed points are also authorized when used in conjunction with the
mobile-satellite service or the radionavigation-satellite service. (WRC-2000)

5.562 The use of the band 94-94.1 GHz by the Earth exploration-satellite (active) and space research (active)
services 1s limited to spaceborne cloud radars. (WRC-97)

5.562A In the bands 94-94.1 GHz and 130-134 GHz. transmissions from space stations of the Earth exploration-
satellite service (active) that are directed into the main beam of a radio astronomy antenna have the potential to damage
some radio astronomy receivers. Space agencies operating the transmitters and the radio astronomy stations concerned
should mutually plan their operations so as to avoid such occurrences to the maximum extent possible.  (WRC-2000)
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Annex 1

Sensitivity of radio astronomy systems

1 General considerations and assumptions used in the calculation of interference levels

1.1 Detrimental-level interference criterion

The sensitivity of an observation in radio astronomy can be defined in terms of the smallest power
level change AP in the power level P at the radiometer input that can be detected and measured. The
sensitivity equation is:

AP 1
— 1
= (1

= \;'ATM
where:
Pand AP:  power spectral density of the noise
Afo: bandwidth

t:  integration time. P and AP in equation (1) can be expressed in temperature
units through the Boltzmann’s constant. &:

AP=kAT. also P=kT 2)
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Thus we may express the sensitivity equation as:

%
AT = (3)
VAot
where:
To=: FogeF g

This result applies for one polarization of the radio telescope. T is the sum of 74 (the antenna noise
temperature confribution from the cosmic background. the Earth’s atmosphere and radiation from
the Earth) and T%. the receiver noise temperature. Equations (1) or (3) can be used to estimate the
sensifivities and interference levels for radio astronomical observations. The results are listed in
Tables 1 and 2. An observing (or integration) time. 7, of 2000 s is assumed, and interference
threshold levels. APy, given in Tables 1 and 2 are expressed as the interference power within the
bandwidth Af'that introduces an error of 10% in the measurement of AP (or A7), i.e.:

APy =0.1AP Af 4

In summary. the appropriate colummns in Tables 1 and 2 may be calculated using the following
methods:

- AT, using equation (3).
- AP, using equation (2),

- APy, using equation (4).

The interference can also be expressed in terms of the pfd incident at the antenna. either in the total
bandwidth or as a spectral pfd. Sg. per 1 Hz of bandwidth. The values given are for an antenna
having a gain, in the direction of arrival of the interference, equal to that of an isotropic antenna
(which has an effective area of ¢*/47 f°. where ¢ is the speed of the light and fthe frequency). The
gain of an isotropic radiator. 0 dBi. is used as a general representative value for the side-lobe level.
as discussed under § 1.3.

Values of Sy Af (AB(W/m?)), are derived from APy by adding:
20log f—-158.5 dB 6]

where f(Hz). Sg is then derived by subtracting 10 log Af (Hz) to allow for the bandwidth.
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1.2 Integration time

The calculated sensitivities and interference levels presented in Tables 1 and 2 are based on
assumed integration times of 2000 s. Integration times actually used in astronomical observations
cover a wide range of values. Continuum observations made with single-antenna telescopes (as
distinct from interferometric arrays) are well represented by the integration time of 2000 s, typical
of good quality observations. On the other hand 2000 s is less representative of spectral line
observations. Improvements in receiver stability and the increased use of correlation spectrometers
have allowed more frequent use of longer integration times required to observe weak spectral lines,
and spectral line observations lasting several hours are quite common. A more representative
integration time for these observations would be 10 h. For a 10 h integration, the threshold
interference level is 6 dB more stringent than the values given in Table 2. There are also certain
observations of time varying phenomena. e.g. observations of pulsars, stellar or solar bursts. and
interplanetary scintillations for which much shorter time periods may be adequate.

1.3 Antenna response pattern

Interference to radio astronomy is almost always received through the antenna side lobes. so the
main beam response to interference need not be considered.

The side-lobe model for large paraboloid antennas in the frequency range 2 to 30 GHz, given in
Recommendation ITU-R SA.509 is a good approximation of the response of many radio astronomy
antennas and is adopted throughout this Recommendation as the radio astronomy reference antenna.
In this model, the side-lobe level decreases with angular distance (degrees) from the main beam axis
and is equal to 32 — 25 log ¢ (dBi) for 1° < @ < 48°. The effect of an interfering signal clearly
depends upon the angle of incidence relative to the main beam axis of the antenna, since the side-
lobe gain, as represented by the model, varies from 32 to —10 dBi as a function of this angle.
However, it is useful to calculate the threshold levels of interference strength for a particular value
of side-lobe gain. that we choose as 0 dBi. and use in Tables 1 fo 3. From the model. this side-lobe
level occurs at an angle of 19.05° from the main beam axis. Then a signal at the detrimental
threshold level defined for 0 dBi side-lobe gain will exceed the criterion for the detrimental level at
the receiver input if it is incident at the antenna at an angle of less than 19.05°. The solid angle
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within a cone of angular radius 19.05° is 0.344 sr, which is equal to 5.5% of the 21 sr of the sky
above the horizon that a radio telescope is able to observe at any given time. Thus if the probability
of the angle of incidence of interference is uniformly distributed over the sky, about 5.5% of
interfering signals would be incident within 19.05° of the main beam axis of an antenna pointed
towards the sky. Note also that the 5.5% figure is in line with the recommended levels of data
loss to radio astronomy observations in percentage of time. specified in Recommen-
dation ITU-R RA.1513.

The particular case of non-GSO satellites presents a dynamic situation, that is, the positions of the
satellites relative to the beam of the radio astronomy antenna show large changes within the time
scale of the 2000 s integration time. Analysis of interference in this case requires integrating the
response over the varying side-lobe levels, for example. using the concept of epfd defined in
No. 22.5C of the Radio Regulations (RR). In addition it is usually necessary to combine the
responses to a number of satellites within a particular system. In such calculations it is suggested
that the antenna response pattern for antennas of diameter greater than 100 A in Recommendation
ITU-R S.1428 be used to represent the radio astronomy antenna, until a model based specifically on
radio astronomy antennas is available: see § 2.2 for further discussion.

1.4 Bandwidth

Equation (1) shows that observations of the highest sensitivity are obtained when radio astronomers
make use of the widest possible bandwidth. Consequently. in Table 1 (continuum observations). Af
is assumed to be the width of the allocated radio astronomy bands for frequencies up to 71 GHz.
Above 71 GHz a value of 8 GHz is used, which is a representative bandwidth generally used on
radio astronomy receivers in this range. In Table 2 (spectral line observations) a channel bandwidth
Afequal to the Doppler shift corresponding to 3 ks in velocity is used for entries below 71 GHz.
This value represents a compromise between the desired high spectral resolution and the sensitivity.
There are a very large number of astrophysically important lines above 71 GHz. as shown in
Recommendation ITU-R RA 314 and only a few representative values for the detrimental levels are
given in Table 2 for the range 71-275 GHz. The channel bandwidth used to compute the detrimental
levels above 71 GHz is 1000 kHz (1 MHz) in all cases. This value was chosen for practical reasons.
While it is slightly wider than the spectral channel width customary in radio astronomy receivers at
these frequencies, it is used as the standard reference bandwidth for space services above 15 GHz.

1.5 Receiver noise temperature and antenna temperature

The receiver noise temperatures in Tables 1 and 2 are representative of the systems in use in radio
astronomy. For frequencies above 1 GHz these are cryogenically cooled amplifiers or mixers. The
quantum effect places a theoretical lower limit of 47k on the noise temperature of such devices,
where / and & are Planck’s and Boltzmann's constants, respectively. This limit becomes important
at frequencies above 100 GHz, where it equals 4.8 K. Practical mixers and amplifiers for bands at
100 GHz and higher provide noise temperatures greater than /f/k by a factor of about four. Thus, for
frequencies above 100 GHz, noise temperatures equal to 44f/k are used in Tables 1 and 2.
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The antenna temperatures in the Tables are also representative of practical systems in use in radio
astronomy. They include the effects of the ionosphere or the neutral atmosphere, ground pickup in
side lobes resulting from spillover or scattering. ohmic losses, and the cosmic microwave
background. At frequencies above 100 GHz the atmospheric losses due to water vapour in the
neutral atmosphere become very important. For these frequencies the values given are typical of the
terrestrial sites used for major millimetric-wave radio astronomy facilities, such as Mauna Kea,
Hawaii, or the Llano de Chajnantor at an elevation of 5000 m in Chile, which is the site chosen for
a major international radio astronomy array for frequencies in the range 30 GHz to 1 THz.

TABLE 1
Threshold levels of interference detrimental to radio astronomy continuum observations
B
g o Aol Threshold interference levels®®
Centre Assumed Receiver noise
frequency ® bandwidth ﬂnmm;f nmf'e temperature Power spectral
7 A rmp;l ature Tx Temperature deus"i“ 2 Input power pfd Spectral pfd
(MHz) (MHz) (Eé (K) AT AP APy SaAf . ¥ 931
(mK) (ABWH2) (dBW) (dB(W/m?) (dB(W/(m® - Hz)))
@) @) 3) “@ (0] (6) @ ® ®)
13.385 005 50000 60 5000 222 -185 -201 248
25.610 0.12 15000 60 972 229 -188 -199 249
73.8 16 750 60 143 247 -195 -196 -258 o
151.525 295 150 60 273 -254 -199 -194 -259 4
3253 6.6 40 60 0.87 -259 -201 -189 -258 e
408.05 39 25 60 0.96 259 203 -189 -255 -
611 6.0 20 60 073 260 202 185 -253 =
14135 27 12 10 0.095 -269 -205 -180 -255 =
1665 10 12 10 0.16 -267 -207 -181 -251 ~
2695 10 12 10 0.16 -267 -207 -177 247 =
4995 10 12 10 0.16 -267 -207 -171 -241 :
10650 100 12 10 0.049 272 -202 -160 —240 =
15375 50 15 15 0.095 -269 202 -156 -233 :
22355 290 35 30 0.085 -269 -195 -146 -231
23800 400 15 30 0.050 -271 -195 -147 -233
31550 500 18 65 0.083 -269 -192 -141 -228
43000 1000 25 65 0.064 -271 -191 -137 227
89000 8000 12 30 0.011 -278 -189 -129 228
150000 8000 14 30 0.011 -278 -189 -124 223
224000 8000 20 43 0.016 277 -188 -119 -218
270000 8000 25 50 0.019 -276 -187 -117 -216

Calculation of interference levels is based on the centre frequency shawn in this column although not all regions have the same allocations

@ An integration time of 2000 s has been assumed: if integration times of 15 min, 1h. 2 b 5h or 10 h are used. the relevant values in the Table should be adjusted by +1.7, —1.3, =2.8. 4.8 or —6.3 dB
respectively.

The interference levels given are those which apply for measurements of the total power received by a single antenna. Less stringent levels may be appropriate for other types of measurements, as
discussed in § 2.2 For transmitters in the GSO, it is desirable that the levels be adjusted by —15 dB, as explained in § 2.1
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RECOMMENDATION ITU-R RA.1513-2*

Levels of data loss to radio astronomy observations and percentage-of-time
criteria resulting from degradation by interference for frequency bands
allocated to the radio astronomy service on a primary basis

(2001-2003-2015)

Scope

This Recommendation addresses the levels of data loss to radio astronomy observations and percentage-of-
time criteria resulting from degradation by interference for frequency bands allocated to the radio astronomy
service on a primary basis. It includes studies of sharing situations for terrestrial and space-based applications,
as well as an extensive section on measurement of data loss from weak. pulsed interference.

3.4.6 Summary

These calculations show, on the assumption that the pulsed interference does not exceed the
Recommendation ITU-R RA.769 detrimental interference threshold for a 2 000-second observation,
the following:

1) Radar and other pulsed radiation, with periods less than 40 s, that average down to the
detrimental level at 2 000 s set by Recommendation ITU-R RA.769 will not cause excess
data loss > 2%.

2) For measurements with 40-second observing length, the worst-case pulse strength for = 2%
excess data loss 1s 1.5 dB below the system noise, and then only for extremely infrequent
pulses (1 11 2 000 s) in the absence of any mitigation effort that synchronizes data taking in
anti-correlation to regular pulses.

3) Aperiodic and/or variable strength interference will cause data loss at or below periodic
pulses of constant strength.

4 Conclusions

A practical criterion for the aggregate data loss resulting from interference to the RAS 1s considered
to be 5% of time from all sources. The existence of multiple overlapping sources of interference 1s a
practical aspect that should be accounted for. Further study of the apportionment of the aggregate
interference between different networks is required.

The data loss from any one system should be significantly less than 5%. To comply with this
requirement, 2% per system 1s a practical limit.
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The ITU Radiocommunication Assembly,
considering

a) that research in radio astronomy depends critically upon the ability to make observations at
the extreme limits of sensitivity and/or precision, and that the growing use of the radio spectrum
inereases the possibility of interference detrimental to the radio astronomy service (RAS);

b) that for some radio astronomy observations, such as those involving the passage of a comet,
an occultation by the moon. or a supernova explosion, a high probability of success is desirable
because of the difficulty or impossibility of repeating them;

c) that since interference to radio astronomy can result from unwanted emissions of services in
adjacent, nearby. or harmonically related bands. interference from several services or systems may
oceur in any single radio astronomy band:

d) that burden sharing may be necessary to facilitate the efficient use of the radio spectrum:

e) that mitigation techniques are a part of burden sharing. and more advanced techniques are
being developed for future implementation. to allow more efficient use of the radio spectrum;

p that threshold levels of interference (assuming 0 dBi antenna gain) detrimental to the RAS
for 2000 s integration times are given in Recommendation ITU-R RA.769. but that no acceptable
percentage of time has been established for interference from services with transmissions randomly
distributed in time and either sharing a frequency band with the RAS. or producing unwanted
emissions that fall within a radio astronomy band;

g that administrations may require criteria for evaluation of interference between the RAS and
other services in shared. adjacent. nearby. or harmonically related bands:

h) that methods (e.g. the Monte Carlo method) have been developed to determine the
appropriate separation distance between radio astronomy sites and an aggregate of mobile earth
stations, and that these methods require the specification of an acceptable percentage of time during
which the aggregate interference power exceeds the threshold levels detrimental to the RAS:

i) that studies of sharing scenarios and experience gained from long practice have led to values
of tolerable time loss due to degradation of sensitivity, on time secales of a single observation. which
are explained in more detail in Annex 1,

Radiocommunication Study Group 7 made editorial amendments fo this Recommendation in the year 2017
in accordance with Resolution ITU-R 1.
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recommends

1 that, for evaluation of interference. a criterion of 5% be used for the aggregate data loss to
the RAS due to interference from all networks, in any frequency band allocated to the RAS on a
primary basis, noting that further studies of the apportionment between different networks are
required;

2 that, for evaluation of interference, a eriterion of 2% be used for data loss to the RAS due to
interference from any one network. in any frequency band, which is allocated to the RAS on a primary
basis:

3 that the percentage of data loss, in frequency bands allocated to the RAS on a primary basis
be determined by using one of the following: (1) Recommendation ITU-R S.1586;
(2) Recommendation ITU-R M.1583. or (3) the percentage of integration periods of 2000 s in which
the average spectral pfd at the radio telescope exceeds the levels defined (assuming 0 dBi antenna
gain) in Recommendation ITU-R RA.769, whichever is appropriate:

4 that the criteria described in § 3.3.2 of Annex 1 be used for evaluation of interference. in any
frequency band allocated to the RAS on a primary basis, from unwanted emissions produced by any
non-GSO satellite system at radio astronomy sites.
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TABLE 2
Interference criteria for satellite passive remote sensing up to 1 000 GHz
Percentage of
F?a?ll-:jil;;}' Reference iuteﬁ:i?c:ullﬂel . 1:?:&:3&: Scan umdle
(GHz) bandwidth (MHz) (dBW) lmer'f;;e?'!lli level N, C, Ly
exceeded™ (%a)
1.370-1.427 27 -174 0.1 N, C
2.64-2.70 10 -176 0.1 N
4244 200 —-166 0.1 NC
6.425-7.25 200 —166 0.1 N, C
10.6-10.7 100 —166 0.1 N C
15.2-154 50 —-169 0.1 NC
18.6-18.8 200 —163 0.1 N.C
21.2-214 100 —169 0.1 N
2221225 100 —-169 0.1 N
236-24 200 —-166 0.01 N.C
31.3-318 200 —166 0.01 NC
36-37 100 —-166 0.1 NC
50.2-50.4 200 —-166 0.01 NC
32.6-593 100 —1609 0.01 N.C
8692 100 —169 0.01 N C
100-102 10 —189 1 L
109.5-111.8 10 —189 1 L
114.25-116 10 -189 1 L
1152512225 200/103 -166/—180% 0.01/19 N.L
148.5-151.5 500/10® -159/—180® 0.01/1% N.L
155.5-158.5¢ 200 —143 0.01 N C
164-167 200/103 -163/—180% 0.01/19 N CL
174 8-191 8 200/102 —-163/-189E 0.01/1% N.CL
200-200 3 -194 1 L
226-231.5 200438 —160/—1948 0.01/13 N.L
235-238 3 -194 1 L
250-252 3 -194 1 L
2752854 3 -194 1 L
296-306 200438 —160/—1948 0.01/13 N.L
313.5-3556 200/33 —158/—1943 0.01/1% MN.C.L
361.2-365 200733 —138/—1943 0.01/1% N.L
369.2-3912 200438 —138/—1948 0.01/13 N.L
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TABLE 2 {end)
Perc'eutngle of
Ffa?::;(l‘;; ’ Re ferweuce iute]:'-}::- :L‘l:ullﬂ'el . ;]l:::";i S?I;]ll: Scan .umde
(GHz) bandwidth (MHz) (dBW) ]]lTE'I'fEl'IE'!lI‘.‘E level (N, C, L)
may be
exceeded™ (%4)

39723902 200/33 —158/—1943 0.01/1% N.L
400411 3 -194 1 L
416-433.46 200/3% —157/—1943 0.0119 N.L

439.1-466.3 200/33 —157/—1943 0.01/1% N, CL
477.75-496.75 3 -194 1 L
497-502 200/33 —156/—1943 0.01/1% N.L
523527 200 —156 0.01 N
538-381 200/33 —156/—1943 0.0111% N.L
611.7-629.7 3 -194 1 L
634-654 200/33 —135/—1943 0.01/1% N.L
636.9-692 200/33 —155/—1948 0.011% N CL
713.4-7174 3 -194 1 L
729733 3 -194 1 L
750-754 3 -194 1 L
771.8-7758 3 -194 1 L
§23.15-845.15 20073 —154/—1943 0.01/19 N, CL
250-854 3 -194 1 L
857.9-861.9 3 -194 1 L
265-882 200 -154 0.01 C
905.17-927.17 200/3 -153/-194® 0.01/1% N. L
051-956 3 -194 1 L
0683197231 3 -194 1 L
085.0-9809 3 —-194 1 L

@ For a 0.01% level, the measiwrement area is a square on the Earth of 2 000 000 knr'. unless otherwise
justified; for a 0.1% level, the measurement area is a square on the Earth of 10 000 000 ko’ unless
otherwise justified; for a 1% level, the measurement time 15 24 h. unless otherwise justified.

@ W: Nadir, Nadir scan modes concentrate on sounding or viewing the Earth’s surface at angles of nearly
perpendicular incidence. The scan terminates at the swrface or at various levels in the atmosphere
according to the weighting functions. L: Limb, Limb scan modes view the atmosphere “on edge™ and
termunate in space rather than at the swface, and accordingly are weighted zero at the surface and
maxinmm at the tangent pomt height. C: Conical, Conical scan modes view the Earth's swrface by rotating
the antenna at an offset angle from the nadir direction.

&) First number for nadir or conical scanning modes and second mumber for microwave limb sounding
applications.

) This band is needed until 2018 to accommodate existing and planned sensors.
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TABLE 19
EESS (passive) sensor characteristics operating between 86 and 92 GHz
Sensor L1 Sensor L2 Sensor L3 Sensor L4 Sensor L5 Sensor L6 Sensor L7 Sensor L8
Sensor type Conical scan Mechanical nadir scan Conidal scan
Orbit parameters
Altitude 867 km 705 km 833 km 833 km 824 km 835km 700 km
822 km*
Inclination 207 98.2° 98.7° 98.6° 98.7° 98.85° 98.2°
98.7°%
Eccentricity 0 0.0015 0 0 0 0.002
0.001%
Repeat period 7 days 16 days 17 days 9 days 9 days N/A 16 days
29 days*
Sensor antenna parameters
Number of beams 1 2 1 30 earth fields 30 earth fields per 8 s 2
per 8 s scan scan period
period
1 beam (steerable in 90
earth fields per scan
period)*
Reflector diameter 0.65m 1.6m 22m 0.15m 03m 0203 m 0.6m 2m
0.22 m*
Maximum beam gain 50 dBi 60.5 dBi 56 dBi 344 dBi 47 dBi 379 dBi 54 dBi 62.4 dBi
448 dB1*
Polarization HV H Qv HV
Qv+
—3 dB beamwidth 0.43° 0.18° 0.39° 33° 11° 22° 0.4° 0.15°
Instantaneous field of 10 km x A 6.2 km x 16 km = Nadir FOV: Nadir FOV: 16 km Nadir FOV: 12 km x A-51kmx
view 17 km 3.6km 12 km 485 km (1.19 31.6 km x 28 km 29 km
B: 5.9 km x Outer FOV: Outer FOV: 53 x 31.6 km B: 5.0 km x
3.5km 1491 x 79.4 km 27 km* Outer FOV: 2.9 km
147 % 79 km* 136.7 * 60 km
Main beam efficiency 96.2% 96% 95% N/A 91%
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TABLE 2

Interference criteria

Data availability criteria

reflectivity

o)
Sensor type
Performance degradation {j(g-} Systematic Random

Synthetic aperture | 10% degradation of standard —6 99 95
radar deviation of pixel power
Altimeter 4% degradation in height noise -3 99 95
Scatterometer 8% degradation mn measurement of -5 929 95

normalized radar backscatter to

deduce wind speeds
Precipitation radar | 7% mcrease in nunimum rainfall rate -10 N/A 998
Cloud profile radar | 10% degradation in mimmum cloud -10 99 95
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28 Rec. ITU-K R5.2105-0

TAELE 16

Characteristics of EESS (active) missions in the 94-24.1 GHz band

Parameter CPR-L1 CPR-L2

Sensor type Cloud prefiling radar Cloud profiling
radar
Type of crbit S50 S50
Altitude (o) 7035 393
Inclination (degrees) 98.2 a7
Ascending Node LST 13:30 10-30™
Repeat period (days) 16 25
Antenna type Parabolic reflector to offset Parabolic reflector
cassegrain antenna

Antenna diameter 18525m 25m
Antenna (transmit and receive) peak gain (dB1) 63.1-652 63.2
Polarization linear LHC, FHC
Incidence angle at Earth (degrees) 0 0
Azimuth scan rate (rpm) 0 0
Antenna beam look angle (degrees) 0 0
Antenna beam azimmth angle (degrees) 0 0
Antenna elev. beanmwidth (degrees) 012 0.095
Antenna az. beamwidth (degrees) 012 0.095
Beam width (degrees) 0.095-0.108 0.093
RF centre frequency (MHz) 94.050 94.050
RF bandwidth (MHz) 0.36 7
Transmit Pk pwr (W) 1000 1430
Transmit Ave. pwr (W) 2131 288
Pulsewidth (us) 3.33 33
Pulse repetition frequency (PRF) (Hz) 4300 6 100-7 500
Chirp rate (MHz/us) ALz 21
Transmit duty cycle (%6) 133 201
Mininmim sensitivity (dBz) —30to—35 —30to —33
Hornzontal resolution 0.7-1.9km 300 m
Vertical resolution 250-300 m 500 m
Doppler range =10 m's =10 m's
Doppler accuracy 1 mfs 1 ms

System noise figure (dB)

7

11 Descending.

12 The sensor uses an unmodulated pulse.
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4.1 Single knife-edge obstacle

In this extremely idealized case (see Figs 8a) and 8b)), all the geometrical parameters are combined
together in a single dimensionless parameter normally denoted by v which may assume a variety of
equivalent forms according to the geometrical parameters selected:

16 Rec. ITU-R P.526-14

L l] 26)
ﬂ1’1 dl A

@n

v = ’@ (v has the sign of h and 8) (28)
A
JE d .
v = |— - o,0, (Vhasthesigm of o, and @) (29
A

h: height of the top of the obstacle above the straight line joiming the two ends of
the path_If the height 15 below this line, & 15 negative

drand d2:  distances of the two ends of the path from the top of the obstacle
d: length of the path

6 : angle of diffraction (rad); its sign 1s the same as that of . The angle 8 1s assumed
to be less than about 0.2 rad, or roughly 12°

opand otz:  angles in radians between the top of the obstacle and one end as seen from the
other end. o) and o2 are of the sign of /i 1n the above equations.

where:

NOTE 1 — In equations (26) to (29) inclusive i, 4, ¢\, 4 and 7. should be in self-consistent umts.
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FIGURE B
Geometrical elements
(For defimtions of 8, &y, iy, d d), diand K see § 4.1 and 4.2)

e)
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Figure 9 gives, as a function of v, the loss J{v) (dB).
Jiv) is given by:

. JIt - cv) - S + [ev) - 5]

Jv) = =20 lo s

(30)

where C{v) and 5(v) are the real and imaginary parts respectively of the complex Fresnel integral
F(v) defined in § 2.7.

For v greater than —0.78 an approximate value can be obtained from the expression:

J(v) = 69 + zum;(ﬁ,f{v 01y +1+v- 0.1) dB (31)

FIGURE 9
Knife-edge diffraction loss
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fHBERI20  WMEE ERSOFEEER ORI AHRFAE ([19] L0 HHY)
VAT AOBMEICEL TEZLOXLSITEL SN, §6-8-7, §6-9-11 |2, Fi§6-7-5

CNEIER — DR H VY | BRKICEHREOLENEATH L TV D,
§6-7-5 MEXX

(1) “AFLOBE

ELAFLRE, RESACEHIAIREESRTEZLZEY. EEOEEEMOMERE, 2oz
FHTOLOORELZE. FEHEETRATIENHOLATFLTES,

BAODEZEACHEIALIEAAIRLE. TERBROL-H BV ERIZTHAL (FAREIZLST.
BEXTEHEE). F-AREHEERE S ORATINCEERTRNTS. Chonf-B AT T EY
BUEEETITHATLG,

21 2GHz-23 BGHzIE . 22 2ISCHz DA B F A== A0k LEDBEHNHFLIZITHATLEEE
HEERFOULLEOTRS . AL EXSHUUTFERERARTICOMENFOBRNT. EXT 5y
Or—ILERIELY-. &=, VLEI ML TFHNR TS,

(2) AT LOWEAA—L

BEASEL : BFOIAAFr—ROMOER Lo THNERRBEIATECIREOHD A0

VLBI(Vary Long Bassine Interferometry) : HEESREFIZOLT, REHCOREENMALTT-THOERER NTLHH

(3 REZARBEOREREOGRE
REETREOZAREENERCAILEEOREEHALTLE S, ARCENERET &=
HiZR. WERSERNETLIRECTFERM AT IAEN RS,
it EHERRAN R TREEETEB RSN -AEROENEE TEFICHLTE
HTEY, ChIZEILT, BHEEEEAECEEER - RETLRBORERNEANTIE
OHEERH TS (REEEER),
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(4) EEERH-EREXEHFORER
SEORERNRTHAIAGH BE B ALE BN EE TR DREEIEFZZ T TLARERHORE
BRERUVSERERIRDEEYTHA.

ZERRH

EREIHAT (%) (B £ - GHz) (BE)&rES
EBEEEEARESNH 15.35~15.4 Tri25F4H24B 8 BFEEERE1955
22.21~225
23.6~24.0
31.3~315
425~435
86.0~92.0
105.0~116.0
EFRBEIMT 22.21~225 FRi22F12F 28 AT E & E4485
= 23.6~24.0
BHEEH/NE R AP~ 43E
BEREREEIAT 85.5~92.0
PRRRET
RERERET 23.6~24.0 Tri2aF2 Q21 RBEERERE
86.0~92.0
105.0~116.0
EFREMT 23.6~24.0 Tri24F4H208 LFEEREIT45

CR)ERESN-BRBOSL. A -HAETERH.
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g & k21 BE VRBOFEEE B OFARILRA ([19] X0 Hoky)

§6-9-10 S0GHz#HEERBEE AT L

(1) LRATFLOBE
FLATLIG. BENAEERES S A1) SE- A THFOMRE. B LMBESORr—T L0
HEEAXEMTRAAOMM SR HALTSY . mBEETOERERELTLS,
- . MEREFOEMBILFSURLELTHALTLS,
EHAGSOEERLLTERYT B8, EEESENTHETHS
1. (A B L80GHz B D5GHz X 2(T1GHz~ 76GHz B 18 1GHz~B86GHz) TH 5.

(2) LATLOWAAA—

[r—T7 L BROBEECREFOETLERAREEE]

[Tor52AR]

e
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2 BEMALATLIEDORFAME BERHARVEERRADIE

BEHBLAT LS REAE | mERE |
40GHz B X (A RIEA) 3F 1438
40GHzHR A #t+— ) 135 535
38GH2HFWA 1% 1005
40GHz IR {8 FPU 1 4B
40GH2 7 BRAR— L B 8 fm33% 1&E 5748
47GHz 7 I FaF 553%F 59208
50GHz ¥ 5 48 107% 9373
55GHz # B & FPU 1% 3B
|60GH2 8 S8 (2R (RBF I RS RT 1) 15 4B
[B0GHth E R RMRRE AT L 253 4635
71.75GHz 7T Fa7 207F 2318
120GHz 3 IR FPU 0F (5!
135GHz 7 I FaF 139%F 160/5
249GHz 7 I FaF 12% 118
| EEREARRD (36GHZ-) 185 19718
| £ D4t (36GHz-) 0F (5]
120GHz# B B iF ARBR (B X S R T Ln 1 3B

&t 1093 34818 -

*| WHOTBERFRALATLEFBLTVSREA BERE. TATLOERFIBATLTIH L LTINS, 5#IE.

WIER2EHEBRO_E,

*2 0. 05%RMBZDLTIL, 0.0%LBRLTIND,
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g & k22

AR 04F B ZE I A e HEUIRAT 1 -207

OFELRTH(EFE+ B

[ 2588 R — L— 2 X 0 Bk

E |z BREEE
I fe] H¥
1 | RRERE 227631 524
2 |RHERE 128,952 354
3 |FAmERRE 94,833 260
4 |1aE 90,723 249
5 |HEE 81,963 225
65 |EHFEE 77,706 213
7| FIRERR 69,244 190
8 |PEERE 51,654 142
9 |BE 34,992 96
10 (s 27,690 76
11 |RE 22153 61
12 |=ilF 21,965 51
13 |84 E 21,711 60
14 |#iL 15,738 44
15 | &EIF 15,634 43
16 |87 14,817 A1
17 |08 13,325 37
18 |¥FGIE 12,893 36
19 |MNE 12,748 35
20 |[LEB 12,410 34
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TR ERR23 [E N Ze#E & K SCH [0 R R OV I 17
92GHz 7» % 100GHz ZfEH L CW A ILFHEERBRIFT &, 86GHz 2» 5 92GHz A L T\ 5
VERA Bl 4 R0, T b & EWNZedk & ORREER QWi EHRIC OV CRedEd 5,

23.1 RSB AR & LT EIPNZEHE Ok 2 BREE S

(1) B0 LT H AR B T

XA 1 iZ, BT H ARG ENEE L ORBEZ R L, MPICH DL 912, %Y
TOEWENEOREITH 20T, EMRIEHES EORED 502 BB TE 5, RITIT, FMOHHEL
O CHBEIC 65 B 2R R OREAEIZ OV T LR LT,

e o SFDLFETH
hist BAIRT
WA IERE(km) (SE)
L = J
i (

enieE

Z2PE (from BFA IR ILH) e 314 [EARERE (km) 1 ZE A (dB) KA (dB)
BELIE 35.944448 | 138.472348 0 0 0
R

RO EIBR 35.549517 | 139. 785472 126. 595 | 174. 0942444 50. 638
i FH I B 35. 777116 | 140. 382969 173.561 | 176.8347161 69. 4244
3 VeI [ 34. 430525 | 135. 231963 339. 552 | 182. 6636193 135. 8208
& ) 33.585874 | 130. 450823 779.275 | 189. 8792524 311. 71
il 26. 194672 | 127. 646002 1493. 253 | 195. 5280961 597. 3012
BT 42.78602 | 141.679941 808. 13 | 190. 1950609 323. 252
pNURES[S 34.781943 | 135. 440151 304. 246 | 181. 7100062 121. 6984
RS ] 34.857858 | 136. 805603 193.533 | 177. 7807349 77.4132
JEE R 31. 803467 | 130.719292 851. 329 | 190. 6473927 340. 5316
(= 38.140129 | 140.913879 326. 391 | 182. 3202621 130. 5564
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REA 32.837377 | 130. 855112 780. 35 | 189. 8912263 312. 14
=y 31.877093 | 131. 448669 790. 496 | 190. 0034307 |  316. 1984
E2ny - 35.256324 | 136. 92377 159. 749 | 176. 1144909 63. 8996
il 33.826553 | 132. 700707 577.432 | 187.2754652 |  230. 9728
Rt 32. 917253 129. 913 854.989 | 190. 684646 | 341.9956
(il 34.632652 | 135. 224456 329.326 | 182.3980172 | 131.7304
i 37.956305 | 139. 109947 230. 379 | 179. 2944309 92. 1516
FrftE 24.396457 | 124.244999 | 1871.246 | 197. 4880446 | 748. 4984
N 34.596078 | 135. 598251 301. 254 | 181. 6241667 | 120.5016
I 34. 435661 | 132.919671 532.606 | 186. 5735778 |  213.0424
K4y 33.479845 | 131. 737191 674.645 | 188.626948 269. 858
AEIUIN 33.845754 | 131.035122 718.326 | 189. 1718715 | 287. 3304
LA 34.214153 | 134. 015791 449. 424 | 185.0985849 |  179. 7696
) 41.770294 | 140. 8211439 678. 035 | 188. 6704833 271. 214
A 33. 546083 | 133. 669408 513.924 | 186.2634322 | 205. 5696
FKH 39.615734 | 140. 219085 435.539 | 184. 8260028 | 174.2156
NS 36.394918 | 136. 407557 192. 375 | 177. 7286087 76. 95
T 24.782771 | 125.294979 |  1767.401 | 196.9921291 |  706. 9604
HAR 40. 733797 | 140. 689547 565. 815 | 187. 0989353 226. 326
E5ES 28.431822 | 129.713134 1172.08 | 193. 4245755 468. 832
gk (FLIR) 43. 117547 | 141.381123 834.589 | 190.474889 | 333.8356
IN 42.732546 | 143.218076 857. 158 | 190. 7066515 |  342. 8632
HE 35.413514 | 132. 889648 508. 74 | 186. 1753728 203. 496
AT 35.67233 | 139. 527681 100. 044 | 172. 0499922 40.0176
fid] 1 L1 34.75678 | 133.855019 439. 847 | 184.9114956 | 175. 9388
Mo 39. 429292 | 141.135419 452. 465 | 185. 1571589 180. 986
g 33. 149668 | 130. 302462 811.111 | 190. 2270424 | 324. 4444
k[l 43.040846 | 144. 192979 928.382 | 191. 3999672 |  371. 3528
T 34.132769 | 134. 606851 405. 91 | 184. 2140675 162. 364
it 34.795916 | 138. 189805 129.989 | 174. 323955 51. 9956
el 43.880168 | 144.164246 | 1005.971 | 192. 0971413 |  402. 3884
= 37.228021 | 140. 427863 225. 624 | 179. 1133924 90. 2496
L 38.412086 |  140. 37149 321.6 | 182. 1918123 128. 64
A =3 33.930009 | 131. 278983 693.921 | 188. 8716416 | 277.5684
FalEz) 34.590858 | 133.933323 439. 408 | 184.9028248 |  175. 7632
Al 36. 648648 | 137. 187364 139. 38 | 174. 9298266 55. 752
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K (GER) 35. 493482 | 133. 239365 476. 074 | 185.5989486 |  190. 4296
B 43.670501 | 142. 447337 922.596 | 191. 3456646 |  369. 0384
FAAR 36. 166751 | 137. 922647 55.33 | 166. 9094581 22. 132
oy 34.284703 | 129. 330645 853. 115 | 190. 6655864 341. 246
& 36. 142799 | 136. 223922 203. 812 | 178. 2302082 81. 5248
AN 36. 181189 | 140. 415605 177.024 | 177. 0063089 70. 8096
U N 26. 363955 | 126. 713975 | 1542.066 | 195.8074872 | 616. 8264
frwd= 27.835841 | 128.881129 | 1276.035 | 194. 1626812 510. 414
&L 32.667182 |  128.83333 958.306 | 191. 6755169 | 383. 3224
B 30. 385145 | 130. 659758 953.959 | 191. 6360273 | 381.5836
JSEY 35.530101 | 134. 165294 392.298 | 183.917797 | 156.9192
P o 5% 33.662534 | 135. 364255 380. 71 | 183. 6573607 152. 284
N 34. 781532 | 139. 360019 152. 169 | 175. 6922735 60. 8676
e [E] 34. 146344 | 132. 247268 601. 839 | 187. 6350529 |  240. 7356
FEN 38.812362 | 139. 787039 338.913 | 182. 6472558 |  135. 5652
AL 33.115152 | 139. 786104 336. 224 | 182. 5780616 |  134. 4896
ik BB 27.430901 | 128.705102 | 1320.894 | 194. 4627884 | 528. 3576
15 30. 605345 | 130. 991057 914.014 | 191. 2644969 |  365. 6056
(S 35.512871 | 134. 787023 336.819 | 182.5934521 | 134.7276
=3 28.321694 | 129.928165 | 1167.057 | 193.3872718 |  466. 8228
=N 40.703205 | 141. 369154 585. 733 | 187. 3994404 |  234.2932
KE 32.482195 | 130. 159284 856. 515 | 190. 7001342 342. 606
GREERE 43.577526 | 144.960024 | 1012.807 | 192. 1559657 |  405. 1228
[[[EReN 37.29323 | 136. 961666 201. 645 | 178. 1373306 80. 658
i 27.043781 | 128.401819 | 1372.893 | 194. 7981626 | 549. 1572
5IR[E 24. 467324 | 122.979483 | 1955.924 | 197. 8724662 |  782. 3696
HEAN 45. 404522 | 141.802501 | 1087.325 | 192. 7726188 434.93
=5 34.071994 | 139. 559758 230. 222 | 179. 2885077 92. 0888
B 34.369538 | 139. 268635 189. 191 | 177. 5836458 75. 6764
PHHELS 34.189411 | 139. 133461 203. 83 | 178. 2309488 81. 532
R 34.676412 |  131. 78989 623.643 | 187. 9441664 | 249. 4572
(5057 36. 178421 | 133. 323571 464. 542 | 185. 3859624 | 185. 8168
=157 33. 748686 | 129. 785437 830. 641 | 190. 4337032 |  332. 2564
REFREF 40. 19175 140. 37156 499.994 | 186. 024749 199. 9976
i R 25.846804 | 131.263481 | 1313.637 | 194. 4149366 | 525. 4548
% KLIH] 24. 653418 | 124. 675463 1820. 58 | 197. 2496224 728. 232
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Koy g 33. 026302 131. 505465 716.902 | 189. 1546367 286. 7608
K 45. 24188 141. 187328 1057.533 192. 53131 423. 0132
] 44. 303823 143. 404055 1018. 451 | 192. 2042349 407. 3804
JERH 25.944715 131. 326787 1301. 065 | 194. 3314091 520. 426
BRI, 42. 071623 139. 43268 685. 27 | 188. 7626748 274. 108
THE 24. 825582 125. 145344 1774.174 | 197. 0253514 709. 6696
ZE[FH 26. 592577 127. 240358 1487. 622 195. 49528 595. 0488
JIMERE 33. 190706 129. 090335 913. 055 | 191. 2553728 365. 222
e 38. 060525 138. 414155 234. 887 | 179. 4627431 93. 9548
FHE 33.013606 129. 192354 911.892 | 191. 2443017 364. 7568
B EL ] 26. 167442 127. 293201 1518. 826 | 195. 6755885 607. 5304
T FR R 24. 059835 123. 805629 1929.01 | 197. 7521163 771. 604
BHLE 26. 722701 127. 786999 1440. 167 | 195. 2136857 576. 0668
(2) VERA ZKIRBLHIR
B4 A2 (2. VERA ZKIRBLRIE NG, EWNZEHEEOREZ = Lic, HPICHD LT, 4T HZEMH

INE DRI DT EARIEHED EDORRE D 5 2R TE 2,

SEAMOPEEEIZ DWW TIIRITR

LTHY, fHE TS 2 B HZERBR L ORGBEICONTHR LT,

LA -1

WERTERE (k) (S8

— VERAZGRB
L. 3 =
%] A2 VERA ZKIREHHIR & FEINZEH S
Z2 4 (from VERA 7KiRJE) KRR TR TEBRBREE (km) H 22 [ 2% (dB) S (dB)

VERA KRG 39.133543 | 141. 132548 0 0 0
AR E R 35.549517 | 139. 785472 415. 282 | 184. 4122869 166. 1128
Ji% A [T B 35. 777116 |  140. 382969 378.371 | 183. 6037817 151. 3484
ESEYES]ES 34. 430525 | 135. 231963 741. 165 | 189. 4437227 296. 466
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e ] 33.585874 | 130.450823 | 1138.101 | 193. 1690408 |  455. 2404
B8 26. 194672 | 127.646002 | 1908.433 | 197.658963 |  763. 3732
BT 42.78602 | 141. 679941 408.223 | 184.2633742 |  163. 2892
pNURES[S 34.781943 | 135. 440151 699. 875 | 188. 9458343 279. 95
SRES[EN 34.857858 | 136. 805603 610. 985 | 187. 7660357 244. 394
JEE R 31.803467 | 130.719292 | 1245.317 | 193.9510242 | 498. 1268
(= 38. 140129 | 140. 913879 111.911 | 173. 0228815 44,7644
REA 32.837377 | 130.855112 | 1159.325 | 193. 3295301 463. 73
=y 31.877093 | 131.448669 | 1190.309 | 193.558619 | 476. 1236
E2ny - 35.256324 | 136. 92377 569. 754 | 187. 1591724 | 227.9016
il 33.826553 | 132. 700707 957.247 | 191.665905 | 382.8988
Rt 32. 917253 129.913 | 1222.586 | 193.791013 | 489. 0344
(il 34.632652 | 135. 224456 725.552 | 189. 2587956 |  290. 2208
i 37.956305 | 139. 109947 219. 462 | 178. 8726117 87. 7848
FrftE 24.396457 | 124.244999 |  2279.066 | 199. 2005627 | 911. 6264
N 34.596078 | 135. 598251 704. 76 | 189. 0062496 281. 904
I 34.435661 | 132.919671 898.943 | 191. 1200734 |  359.5772
K4y 33.479845 | 131. 737191 1050. 5 | 192. 4733458 420. 2
AEIUIN 33.845754 | 131.035122 1077.311 | 192. 6922466 |  430. 9244
LA 34.214153 | 134. 015791 837.79 | 190. 5081291 335. 116
i 41.770294 | 140. 8211439 293.98 | 181. 4117806 117. 592
A 33. 546083 | 133. 669408 912.231 | 191. 2475212 | 364.8924
FKH 39.615734 | 140. 219085 95.189 | 171.6171813 38. 0756
NS 36.394918 | 136. 407557 515. 362 | 186. 2876726 | 206. 1448
R 24.782771 | 125.294979 | 2178.185 | 198. 8073199 871. 274
HAR 40. 733797 | 140. 689547 181. 669 | 177. 2310643 72. 6676
E5ES 28.431822 | 129.713134 | 1587.102 | 196. 0575214 | 634. 8408
gk (FLIR) 43. 117547 | 141.381123 442.943 | 184.9723816 | 177.1772
IN 42.732546 | 143.218076 436.532 | 184.8457522 | 174.6128
HE 35.413514 | 132. 889648 839.094 | 190.521637 | 335.6376
A 35.67233 | 139. 527681 409. 559 | 184.2917544 | 163. 8236
Ea il 34.75678 | 133.855019 809. 568 | 190. 2104946 | 323.8272
Mo 39. 429292 | 141.135419 32.837 | 162. 3728271 13.1348
g 33. 149668 | 130. 302462 1178.03 | 193. 4685517 471.212
k[l 43.040846 | 144. 192979 504. 313 | 186. 0994295 |  201. 7252
T 34.132769 | 134. 606851 804. 92 | 190. 1604791 321. 968
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it 34.795916 | 138. 189805 548.006 | 186.821132 219. 2024
el 43. 880168 | 144. 164246 584. 681 | 187. 3838044 233. 8724
wmE 37.228021 | 140. 427863 220. 341 | 178.9074139 88. 1364
115i77 38. 412086 140. 37149 103. 872 | 172. 3754432 41. 5488
558 33.930009 | 131. 278983 1053. 578 | 192. 4987585 421.4312
i r 34.590858 | 133.933323 815. 776 | 190. 2768432 326. 3104
=i 36. 648648 | 137. 187364 443.201 | 184.9774394 177. 2804
K (GER) 35.493482 | 133. 239365 807.494 | 190. 1882108 322. 9976
B 43.670501 | 142.447337 515.716 | 186. 2936435 206. 2864
AR 36. 166751 | 137.922647 434.292 | 184.8011099 173. 7168
papsst 34.284703 | 129. 330645 1182.507 | 193. 5014993 473.0028
& H: 36. 142799 | 136. 223922 545. 645 | 186. 7836283 218. 258
AN 36. 181189 | 140. 415605 333.723 | 182. 5131476 133. 4892
U N 26. 363955 | 126. 713975 1952. 343 | 197. 8565471 780. 9372
(= 27.835841 | 128.881129 1689.803 | 196. 6021462 675.9212
&L 32. 667182 128. 83333 1320. 091 | 194. 4575026 528. 0364
B 30.385145 | 130. 659758 1362. 378 | 194. 7313771 544. 9512
JSEY 35.530101 | 134.165294 735.308 | 189. 3748105 294. 1232
P o 5% 33.662534 | 135. 364255 797.32 | 190. 0780781 318. 928
N 34.781532 | 139. 360019 508.093 | 186. 164289 203. 2372
= [E 34.146344 | 132. 247268 967. 563 | 191. 7590097 387. 0252
FER 38.812362 | 139. 787039 121.932 | 173. 7677799 48. 7728
I\ 33. 115152 | 139.786104 678. 703 | 188. 6790204 271.4812
ik BB 27.430901 | 128.705102 1735.678 | 196. 8348078 694. 2712
i+ 30. 605345 | 130. 991057 1322.988 | 194. 4765435 529. 1952
UEN;S 35.512871 | 134.787023 690. 935 | 188. 8341705 276. 374
=3 28.321694 | 129. 928165 1583.633 | 196. 0385155 633. 4532
= 40. 703205 | 141. 369154 175. 454 | 176. 9286909 70. 1816
RE 32.482195 | 130. 159284 1234.681 | 193. 8765203 493. 8724
GREERE 43.577526 | 144. 960024 588. 214 | 187. 4361325 235. 2856
HEB 37.29323 | 136. 961666 418.449 | 184. 4782849 167. 3796
-5 27.043781 | 128.401819 1787.961 | 197. 0925855 715. 1844
538 24.467324 | 122.979483 2357.559 | 199. 4946761 943. 0236
HEN 45. 404522 | 141. 802501 698. 753 | 188. 9318984 279.5012
= 34.071994 | 139. 559758 579.012 | 187.299176 231. 6048
N 34.369538 | 139. 268635 554. 215 | 186. 9189902 221. 686
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PR 34.189411 | 139. 133461 576.982 | 187.268671 | 230.7928
R 34.676412 |  131. 78989 967. 712 | 191. 7603474 |  387.0848
(557 36. 178421 | 133. 323571 762. 783 | 189. 6934454 |  305. 1132
=157 33. 748686 | 129.785437 | 1178.515 | 193.472127 471. 406
REFREF 40. 19175 140. 37156 134. 424 | 174. 6149715 53. 7696
i R 25.846804 | 131. 263481 1738.47 | 196. 8487687 695. 388
% KLIH] 24.653418 | 124.675463 | 2229.194 | 199.008382 | 891.6776
NGRS 33.026302 | 131.505465 | 1099. 408 | 192. 8686048 |  439. 7632
F . 45.24188 | 141.187328 678.515 | 188. 6766138 271. 406
&l 44.303823 | 143. 404055 604. 495 | 187. 673279 241. 798
FERH 25.944715 | 131.326787 | 1725.905 | 196. 7857624 690. 362
BALf 42.071623 |  139. 43268 356. 558 | 183. 0880289 |  142. 6232
THIE 24. 825582 | 125. 145344 2184. 13 | 198. 8309943 873. 652
SE[E] 26.592577 | 127.240358 |  1899.321 | 197.6173921 |  759. 7284
AN R 33.190706 | 129. 090335 1266. 75 | 194. 0992429 506. 7
s 38. 060525 | 138. 414155 265. 063 | 180. 5124071 |  106. 0252
FEE 33.013606 | 129.192354 | 1270.306 | 194. 1235922 | 508. 1224
B L [ 26. 167442 | 127.293201 | 1932.624 | 197.768372 | 773.0496
T FRH 24.059835 | 123.805629 | 2336.348 | 199. 4161753 |  934. 5392
HLE 26.722701 | 127.786999 | 1853.821 | 197.4067806 | 741.5284
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(3) VERA /N EBANR

A3 1T, VERA /MR BINE NS, ENZE#EE OEEZ /R Lz, IPIZH D X 9T,
NEDRREICH DT, BN COREH DN EHRTE 5, £, FEMOIEEEE | 8

THEEEC 42 B B ZZRHB R REIHEIZ O W T IR

LA 1 ®

W TERR (km) ()
[ —
o 203203 C :

e

L7,

@
=

VERANERR

A3 VERA /]NEIREHIE & [EIPNZe it

B AL

724k (from VERA /]N¥IJRUR) HERE PR AR EERE (km) F i Z2 K (dB) KR (dB)

VERA /IVERBLRIR 27.091796 | 142. 216549 0 0 0

U EIE 35.549517 | 139. 785472 965. 773 | 191. 7429261 |  386. 3092
il FH [ET 35. 777116 | 140. 382969 978.594 | 191.8578378 |  391. 4376
ESicyEs]S 34.430525 | 135.231963 | 1052.488 | 192.4897679 |  420. 9952
i i 33.585874 | 130.450823 |  1339.524 | 194.5844347 |  535. 8096
Bilig 26.194672 | 127.646002 | 1453.326 | 195. 2926856 |  581. 3304
Hr ik 42.78602 | 141.679941 |  1741.822 | 196.8655001 |  696. 7288
K BRIEI B 34.781943 | 135.440151 | 1069.987 | 192. 6329948 |  427.9948
H A [ 34.857858 | 136.805603 | 1003.821 | 192. 0785504 |  401. 5284
JEE I 31.803467 | 130.719292 | 1230.668 | 193.8482484 |  492. 2672
il 38.140129 | 140. 913879 1231.29 | 193. 8526318 492. 516
REA 32.837377 | 130.855112 | 1266.968 | 194.1007451 |  506. 7872
=1 31.877093 | 131. 448669 1170.4 | 193. 4121548 468. 16
Eay - 35.256324 | 136.92377 1035.89 | 192. 3516976 414. 356
AL 33.826553 | 132.700707 |  1179.057 | 193.4761208 |  471.6228
RiR 32.917253 129.913 | 1349.955 | 194. 6518106 539. 982
s 34.632652 | 135.224456 | 1069.897 | 192. 6322642 |  427.9588
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i 37.956305 | 139.109947 | 1239.463 | 193. 9100961 |  495. 7852
FrftE 24.396457 | 124.244999 |  1826.047 | 197. 2758081 |  730. 4188
N 34.596078 | 135.598251 | 1044.852 | 192. 4265204 |  417. 9408
I 34.435661 | 132.919671 | 1205.168 | 193. 6663804 |  482. 0672
K5y 33.479845 | 131.737191 | 1230.904 | 193.8499084 |  492. 3616
AEIUIN 33.845754 | 131.035122 1307.626 | 194. 3750957 |  523. 0504
LA 34.214153 | 134.015791 | 1113.296 | 192. 9776407 |  445.3184
i 41.770294 | 140.8211439 | 1633.301 | 196. 3067493 |  653. 3204
A 33.546083 | 133.669408 |  1089.005 | 192. 7860925 435. 602
FKH 39.615734 | 140.219085 | 1401.336 | 194. 9762705 |  560. 5344
NS 36.394918 | 136.407557 | 1168.589 | 193. 3986607 |  467. 4356
R 24.782771 | 125.294979 | 1712.874 | 196.7201458 |  685. 1496
4% 40. 733797 | 140.689547 |  1519.711 | 195. 6806459 |  607. 8844
E5ES 28.431822 | 129.713134 | 1240.886 | 193. 9200853 |  496. 3544
gk (FLIR) 43. 117547 | 141.381123 | 1779.579 | 197. 0517702 | 711.8316
IN 42.732546 | 143.218076 | 1737.588 | 196. 8443619 |  695. 0352
HE 35.413514 | 132.889648 | 1279.517 | 194.186346 | 511.8068
A 35.67233 | 139. 527681 985. 029 | 191. 9144059 | 394.0116
Ea il 34.75678 | 133.855019 | 1165.593 | 193.376366 | 466. 2372
Mo 39.429292 | 141.135419 | 1372.032 | 194.7927101 | 548.8128
g 33.149668 | 130.302462 | 1328.744 | 194.5142511 | 531.4976
s 43.040846 | 144.192979 |  1778.468 | 197. 0468021 | 711.3872
T 34.132769 | 134.606851 | 1067.791 | 192. 6151641 | 427.1164
it 34.795916 | 138. 189805 936. 564 | 191.4773955 |  374. 6256
el 43.880168 | 144.164246 | 1870.923 | 197.486543 |  748. 3692
& 37.228021 | 140. 427863 1136.53 | 193. 1570559 454. 612
L% 38.412086 |  140.37149 | 1267.196 | 194.1023019 | 506. 8784
A =3 33.930009 | 131.278983 | 1293.607 | 194.2814719 | 517. 4428
FalEz) 34.590858 | 133.933323 | 1147.588 | 193.2411448 |  459. 0352
Bl 36. 648648 | 137.187364 | 1161.165 | 193. 3433035 464. 466
K+ (GER) 35.493482 | 133.239365 | 1262.999 | 194. 0734849 |  505. 1996
B 43.670501 | 142.447337 | 1839.529 | 197. 3395586 | 735.8116
FAAR 36. 166751 | 137.922647 | 1085.227 | 192. 7558654 |  434. 0908
oy 34.284703 | 129.330645 | 1467.808 | 195. 3788098 |  587. 1232
&3 36. 142799 | 136.223922 | 1152.808 | 193. 2805644 | 461. 1232
AN 36. 181189 | 140.415605 | 1022.159 | 192.2360691 |  408. 8636
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U N 26. 363955 | 126.713975 | 1543.529 | 195. 8157206 | 617.4116
frwd= 27.835841 | 128.881129 | 1320.057 | 194. 4572785 |  528. 0228
&L 32.667182 |  128.83333 | 1431.408 | 195. 1606936 | 572. 5632
B 30. 385145 | 130. 659758 1185.75 | 193. 5255547 474.3
JSEY 35.530101 | 134.165294 | 1208.409 | 193. 6897038 |  483. 3636
P o 5% 33.662534 | 135. 364255 981.487 | 191.883118 | 392.5948
N 34. 781532 | 139. 360019 895. 061 | 191. 0824787 |  358. 0244
e [E] 34.146344 | 132.247268 | 1233.851 | 193.8706791 |  493. 5404
FEN 38.812362 | 139.787039 | 1319.417 | 194. 4530663 | 527. 7668
AL 33.115152 | 139. 786104 707.541 | 189. 0404781 |  283.0164
ik BB 27.430901 | 128.705102 | 1337.839 | 194. 5736758 |  535. 1356
i+ 30. 605345 | 130.991057 | 1161.861 | 193. 3502566 |  464. 7444
(S 35.512871 | 134.787023 | 1170.457 | 193. 4125346 |  468. 1828
=3 28.321694 | 129.928165 | 1219.059 | 193. 7659193 |  487. 6236
=R 40.703205 | 141.369154 | 1511.824 | 195. 6354495 |  604. 7296
KE 32.482195 | 130.159284 | 1308.806 | 194. 3829306 | 523. 5224
GREERE 43.577526 | 144.960024 | 1845.712 | 197. 3687037 |  738. 2848
REX 37.29323 | 136.961666 1234. 42 | 193. 8746845 493. 768
i 27.043781 | 128.401819 | 1369.678 | 194. 777876 | 547.8712
5IR[E 24. 467324 | 122.979483 |  1949. 345 | 197. 8432503 779. 738
HEAN 45. 404522 | 141.802501 | 2032.434 | 198. 2057537 | 812. 9736
= 34.071994 | 139. 559758 814. 624 | 190. 2647728 |  325. 8496
pEile 34.369538 | 139. 268635 854. 689 | 190. 6815872 |  341. 8756
PR 34.189411 | 139. 133461 840.397 | 190.536536 | 336. 1588
R 34.676412 |  131.78989 | 1302.824 | 194.3431398 | 521.1296
(557 36. 178421 | 133. 323571 1312.73 | 194. 408933 525. 092
=157 33. 748686 | 129.785437 | 1402.278 | 194. 9821072 | 560. 9112
REFREF 40. 19175 140. 37156 1462.963 | 195. 3500917 |  585. 1852
i R 25.846804 | 131.263481 | 1100.508 | 192. 8776526 |  440. 2032
% KLI#] 24.653418 | 124.675463 | 1777.171 | 197. 0400091 |  710. 8684
NGRS 33.026302 | 131.505465 | 1223.472 | 193.7973175 |  489. 3888
F . 45.24188 | 141.187328 | 2016.106 | 198. 1356919 |  806. 4424
&l 44.303823 | 143.404055 | 1912.744 | 197. 6785617 |  765. 0976
FERH 25.944715 | 131.326787 | 1092.493 | 192.8139728 |  436. 9972
BALf 42.071623 | 139.43268 | 1681.035 | 196. 5569598 672. 414
THIE 24.825582 | 125.145344 | 1726.663 | 196. 7896178 |  690. 6652
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EE 26. 592577 127. 240358 1488. 686 | 195. 5014868 595. 4744
JIMERE 33. 190706 129. 090335 1432.404 | 195. 1667353 572.9616
e 38. 060525 138. 414155 1267. 377 | 194. 1035412 506. 9508
FHE 33.013606 129. 192354 1415.599 | 195. 0642298 566. 2396
B EL ] 26. 167442 127. 293201 1488.69 | 195. 5015103 595. 476
T FR R 24. 059835 123. 805629 1878.242 | 197. 5205121 751. 2968
BHLE 26. 722701 127. 786999 1433. 18 | 195. 1714398 573. 272
(4) VERA AR
A41Z, VERA ACRBLRIRE 2 b OEINZEW & Oz R Uiz, BHRIZH D K D12, 8T 228808

EOREIZH 20T, EREREN EOREH 50 2R TE 2, RITIT, FHMOBRE & O
THREECE4 2 A B ZRB R ORKIEIC W TH R LT,

LAy-1

WEIEREm) (2

L VERAAER S
= ¥ e
M VERA ARG & [ENZepkiithiE
Z24k (from VERA AKSR) KRR TR TELBRBRAE (km) [ i1 22 2% (dB) KA (dB)
VERA ASIELHIS 31. 747879 | 130. 439906 0 0 0
HARE RS 35.549517 | 139. 785472 963. 435 | 191. 7218743 385. 374
Ji% H [T B 35. 777116 |  140. 382969 1023.102 | 192.2438044 |  409. 2408
ESEYES]ES 34. 430525 | 135. 231963 537. 168 | 186. 6476316 | 214. 8672
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e ] 33.585874 | 130. 450823 203. 838 | 178. 2311565 81. 5352
B8 26. 194672 | 127. 646002 672.957 | 188.6051736 | 269. 1828
BT 42.78602 | 141.679941 | 1576.428 | 195. 9989079 |  630. 5712
pNURES[S 34.781943 | 135. 440151 574.573 | 187.2323325 |  229. 8292
SREES[EN 34.857858 | 136. 805603 685. 677 | 188. 7678189 |  274. 2708
JEE R 31.803467 | 130. 719292 27.167 | 160. 7559601 10. 8668
(= 38.140129 | 140. 913879 1189.61 | 193. 5535176 475. 844
REA 32.837377 | 130. 855112 126.989 | 174.120819 50. 7956
=y 31.877093 | 131. 448669 96. 586 | 171. 7438368 38. 6344
E2any - 35.256324 | 136. 92377 716.957 | 189. 1552891 |  286. 7828
il 33.826553 | 132. 700707 313.019 | 181.956851 | 125.2076
Rt 32. 917253 129. 913 138. 838 | 174. 8956547 55. 5352
(il 34.632652 | 135. 224456 548.912 | 186. 8354831 |  219. 5648
Bl 37.956305 | 139.109947 |  1049.355 | 192. 4638745 419. 742
FrmtE 24.396457 | 124.244999 | 1016.618 | 192.188841 |  406. 6472
N 34.596078 | 135. 598251 575.419 | 187.2451122 |  230. 1676
I 34.435661 | 132.919671 377.397 | 183.5814111 |  150. 9588
K4y 33.479845 | 131. 737191 227.407 | 179. 1815245 90. 9628
AEIUIN 33.845754 | 131.035122 239.237 | 179. 6220126 95. 6948
LA 34.214153 | 134. 015791 431.839 | 184. 7518688 | 172. 7356
i 41.770294 | 140.8211439 |  1445.537 | 195. 2460095 | 578.2148
A 33. 546083 | 133. 669408 362. 699 | 183.2363609 |  145. 0796
FKH 39.615734 | 140.219085 | 1241.755 | 193. 9261438 496. 702
NS 36.394918 | 136. 407557 754.102 | 189.5940286 |  301. 6408
R 24.782771 | 125. 294979 921.981 | 191. 3402599 |  368. 7924
HAR 40. 733797 | 140. 689547 |  1355.633 | 194. 6882688 |  542. 2532
E5ES 28.431822 | 129.713134 374.21 | 183. 5078167 149. 684
gk (FLIR) 43. 117547 | 141.381123 | 1587.601 | 196. 0602524 |  635. 0404
IN 42.732546 | 143.218076 | 1661.026 | 196. 4529551 |  664. 4104
HE 35.413514 | 132. 889648 465. 809 | 185. 4095878 |  186. 3236
AT 35.67233 | 139. 527681 947.644 | 191.5783303 |  379. 0576
Ea il 34.75678 | 133.855019 461. 069 | 185. 3207502 |  184. 4276
Mo 39.429292 | 141.135419 | 1288.975 | 194. 2503154 515. 59
g 33. 149668 | 130. 302462 155. 987 | 175. 9072429 62. 3948
k[l 43.040846 | 144.192979 | 1743.021 | 196. 8714775 |  697. 2084
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T 34.132769 | 134. 606851 470. 887 | 185. 5037642 188. 3548
it 34.795916 | 138. 189805 796.921 | 190. 0737334 318. 7684
el 43. 880168 | 144. 164246 1804. 378 | 197. 1719755 721.7512
wmE 37.228021 | 140. 427863 1099. 547 | 192. 8697072 439. 8188
115i77 38. 412086 140. 37149 1167.918 | 193. 3936725 467.1672
558 33.930009 | 131. 278983 254. 429 | 180. 1567755 101. 7716
i r 34.590858 | 133. 933323 453. 361 | 185. 1743138 181. 3444
=i 36. 648648 | 137. 187364 825.582 | 190. 3806307 330. 2328
K (GER) 35.493482 | 133. 239365 489.912 | 185. 8477912 195. 9648
B 43.670501 | 142.447337 1690. 956 | 196. 6080718 676. 3824
AR 36. 166751 | 137. 922647 847. 258 | 190. 6058527 338. 9032
papsst 34.284703 | 129. 330645 299. 822 | 181. 582706 119. 9288
& H: 36. 142799 | 136. 223922 723. 287 | 189. 2316401 289. 3148
AN 36. 181189 | 140. 415605 1044. 132 | 192. 4205338 417. 6528
U N 26. 363955 | 126. 713975 698. 254 | 188. 9257506 279. 3016
(= 27.835841 | 128.881129 459. 065 | 185. 2829141 183. 626
&L 32. 667182 128. 83333 182.579 | 177. 2745466 73.0316
B 30.385145 | 130. 659758 152. 533 | 175. 7127477 61.0132
JSEY 35.530101 | 134. 165294 543. 442 | 186. 7484926 217. 3768
P o 5% 33.662534 | 135. 364255 508. 127 | 186. 164875 203. 2508
N 34.781532 | 139. 360019 896. 196 | 191. 0934862 358. 4784
= [E 34.146344 | 132. 247268 315.136 | 182. 0153972 126. 0544
FER 38.812362 | 139. 787039 1155. 241 | 193. 2988774 462. 0964
I\ 33. 115152 | 139. 786104 891. 65| 191. 0501913 356. 66
ik BB 27.430901 | 128.705102 507.15 | 186. 1486188 202. 86
i 30. 605345 | 130. 991057 137. 141 | 174. 7897445 54. 8564
UUEN;S 35.512871 | 134. 787023 580. 441 | 187. 3205927 232.1764
=3 28.321694 | 129. 928165 382.992 | 183. 7093099 153. 1968
= 40. 703205 | 141.369154 1395. 282 | 194. 9386651 558. 1128
RE 32.482195 | 130. 159284 85.627 | 170. 6977766 34. 2508
GREERE 43.577526 | 144.960024 1829.116 197. 29025 731. 6464
HEB 37.29323 | 136. 961666 858.017 | 190. 715345 343. 2068
G- 27.043781 | 128.401819 557. 637 | 186. 9724601 223. 0548
538 24.467324 | 122.979483 1089. 457 | 192. 7897186 435. 7828
HEN 45. 404522 | 141. 802501 1806.616 | 197. 1827421 722. 6464
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=5 34.071994 | 139. 559758 890. 848 | 191. 0414983 |  356. 3392
B 34. 369538 | 139. 268635 873.903 | 190. 8746908 |  349. 5612
PR 34.189411 | 139. 133461 856. 296 | 190. 6979061 |  342.5184
R 34.676412 |  131. 78989 348.32 | 182. 885002 139. 328
(21053 36. 178421 | 133.323571 558.983 | 186.9933999 |  223. 5932
E 33. 748686 | 129. 785437 230. 204 | 179. 2877042 92. 0816
REFREF 40. 19175 140. 37156 1294. 548 | 194. 2877886 | 517.8192
i R 25.846804 | 131. 263481 658. 955 | 188. 4225424 263. 582
% KLI#] 24. 653418 | 124. 675463 968. 316 | 191. 7658843 |  387. 3264
NGRS 33.026302 | 131. 505465 173.636 | 176. 8382672 69. 4544
F 45.24188 | 141.187328 | 1763.529 | 196. 9730772 | 705.4116
Gl 44.303823 | 143. 404055 1794.76 | 197. 1255527 717. 904
FERH 25.944715 | 131. 326787 648. 972 | 188. 2899466 |  259. 5888
LS, 42.071623 | 139. 43268 1396. 32 | 194. 9451244 558. 528
THIE 24.825582 | 125. 145344 926. 102 | 191. 3786025 |  370. 4408
BE[E 26. 592577 | 127. 240358 650. 574 | 188.3113615 |  260. 2296
/MBS 33.190706 | 129.090335 204. 2 | 178. 2468815 81. 68
iR 38.060525 | 138.414155 | 1009.949 | 192. 1314147 |  403. 9796
FEE 33.013606 | 129. 192354 182. 975 | 177. 2970681 73. 19
B L [ 26. 167442 | 127. 293201 690. 283 | 188. 8265106 | 276. 1132
T FRH 24.059835 | 123.805629 | 1072.938 | 192. 6570185 |  429. 1752
HLE 26.722701 | 127. 786999 613.731 | 187. 8049887 |  245.4924
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(5) VERAf 8 5811 =

A5 T, VERA fHEEBBIHR O OENZEE L OFEBEZ R L, MPICHD L oIT, 4T 5%
PR E OIS H 03T, EARERENS EOREH 502 R TX 5, I, FEMOERES | OF
HCHRECR T 5 B 22 L OREIREIZ OV T H R L,

EIREEE(o VERARIERE)

W EE R ) (& B
[ ]
0 2B4E5

: VERARIERR
biog :
A5 VERA FrtESsfm) & [EIPNZEPRHIrHAE

729k (from VERA FEE)R) R PR TELA FRAE (km) FI 122 R 2K (dB) KA (dB)
VERA B SR 24.41219 | 124. 170904 0 0 0
TR B 35.549517 | 139.785472 | 1943.476 | 197.8170083 |  777.3904
i FH I B 35.777116 | 140.382969 |  2002.307 | 198.076038 | 800. 9228
3 VeI [ 34. 430525 | 135.231963 |  1542.297 | 195. 8087849 | 616.9188
1 [ 33.585874 | 130.450823 | 1186.027 | 193.5273162 | 474.4108
Bl 26. 194672 | 127. 646002 401. 78 | 184. 125191 160. 712
BT 42.78602 | 141. 679941 2595.22 | 200. 3289083 |  1038. 088
pNURES[S 34.781943 | 135.440151 | 1582.935 | 196. 0346863 633. 174
RS 34.857858 | 136.805603 | 1681.669 | 196.560235| 672.6676
JEE R 31.803467 | 130.719292 | 1041.076 | 192.3951625 | 416. 4304
(= 38. 140129 | 140.913879 | 2197.327 | 198.8833185 | 878.9308
REAR 32.837377 | 130.855112 | 1139.117 | 193. 1768284 | 455. 6468
IR 31.877093 | 131.448669 | 1092.685 | 192. 8153243 437,074
E2ny 35.256324 |  136.92377 |  1718.579 | 196. 7488147 | 687.4316
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il 33.826553 | 132. 700707 1332.19 | 194. 536748 532. 876
Rt 32. 917253 129.913 |  1096. 554 | 192. 8460251 |  438. 6216
(il 34.632652 | 135. 224456 1557. 21 | 195. 8923683 622. 884
i 37.956305 | 139.109947 | 2063.944 | 198. 3393829 | 825.5776
FrftE 24. 396457 | 124. 244999 7.711 | 149. 7879838 3. 0844
N 34.596078 | 135.598251 |  1579.446 | 196. 0155203 | 631. 7784
I 34.435661 | 132.919671 | 1396.864 | 194. 9485089 |  558. 7456
K4y 33.479845 | 131.737191 | 1245.717 | 193. 9538125 |  498. 2868
AEIUIN 33.845754 | 131.035122 1239.944 | 193.9134661 |  495. 9776
LA 34.214153 | 134. 015791 1445. 74 | 195. 2472307 578. 296
) 41.770294 | 140.8211439 |  2464.775 | 199. 8809703 985. 91
A 33.546083 | 133.669408 | 1370.355 | 194. 7820864 548. 142
FKH 39.615734 | 140.219085 | 2259.984 | 199.127532 | 903.9936
NS 36.394918 | 136.407557 |  1770.795 | 197. 0087904 708. 318
R 24.782771 | 125. 294979 121. 017 | 173. 7024048 48. 4068
HAR 40. 733797 | 140. 689547 |  2375.084 | 199.5590043 |  950. 0336
Ak 28.431822 | 129.713134 709. 75 | 189. 0675327 283. 9
gk (FLIR) 43. 117547 | 141.381123 |  2605.308 | 200. 3626061 | 1042.1232
IN 42.732546 | 143.218076 |  2680.569 | 200. 6099655 | 1072.2276
HE 35.413514 | 132.889648 | 1480.362 | 195. 4527832 |  592. 1448
AT 35.67233 | 139.527681 |  1932.414 | 197. 7674282 |  772. 9656
Ea il 34.75678 | 133.855019 |  1479.847 | 195. 4497616 | 591. 9388
Mo 39.429292 | 141.135419 | 2304.288 | 199.2961599 |  921. 7152
g 33.149668 | 130.302462 | 1137.915 | 193. 1676211 455. 166
s 43.040846 | 144.192979 | 2762.379 |  200.87109 | 1104.9516
T 34.132769 | 134.606851 | 1477.831 | 195.4379201 | 591. 1324
it 34.795916 | 138. 189805 1776.7 | 197. 0377139 710. 68
el 43.880168 | 144.164246 | 2823.872 | 201. 0623248 | 1129. 5488
= 37.228021 | 140.427863 | 2100.775 | 198. 4930169 840. 31
L% 38.412086 |  140.37149 | 2180.226 | 198.815455 | 872. 0904
A =3 33.930009 | 131.278983 | 1260.465 | 194. 0560405 504. 186
FalEz) 34.590858 | 133.933323 | 1471.017 | 195.3977785 |  588. 4068
Al 36. 648648 | 137.187364 1840. 33 | 197. 3433388 736. 132
K+ (GER) 35.493482 | 133.239365 | 1506.677 | 195. 6058278 |  602. 6708
B 43.670501 | 142.447337 | 2709.272 | 200.702477 | 1083.7088
FAAR 36. 166751 | 137.922647 | 1853.042 | 197.4031514 |  741. 2168
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oy 34.284703 | 129.330645 | 1203.031 | 193.6509619 | 481.2124
&3 36. 142799 | 136.223922 | 1739.326 | 196. 8530444 |  695. 7304
AN 36. 181189 | 140.415605 | 2030.437 | 198.1972151 | 812. 1748
U N 26. 363955 | 126. 713975 335. 002 | 182. 5463728 |  134. 0008
frwd= 27.835841 | 128.881129 604. 687 | 187. 6760373 |  241.8748
&L 32.667182 | 128.83333 | 1022.031 | 192.2347135 | 408.8124
B 30. 385145 | 130. 659758 921.5 | 191. 3353319 368. 6
JSEY 35.530101 | 134.165294 | 1563.006 | 195. 9246376 | 625. 2024
P o 5% 33.662534 | 135.364255 | 1494.674 | 195.536359 | 597. 8696
N 34.781532 | 139.360019 | 1863.186 | 197. 4505489 |  745. 2744
e [E] 34.146344 | 132.247268 | 1333.023 | 194.5421775 |  533. 2092
FEN 38.812362 | 139.787039 | 2171.795 | 198. 7818012 868. 718
AL 33.115152 | 139.786104 | 1801.123 | 197. 1562954 |  720. 4492
ik BB 27.430901 | 128. 705102 563.992 | 187. 0708845 |  225. 5968
15 30. 605345 | 130. 991057 961.329 | 191. 7028708 |  384.5316
(S 35.512871 | 134.787023 | 1599.033 | 196. 1225751 |  639. 6132
=3 28.321694 | 129. 928165 719. 376 | 189. 1845436 |  287. 7504
=N 40.703205 | 141. 369154 2414.1 | 199. 7005298 965. 64
KE 32.482195 | 130.159284 | 1069.039 | 192. 6252998 |  427. 6156
GREERE 43.577526 | 144.960024 | 2848.507 | 201. 1377705 | 1139. 4028
[[[EReN 37.29323 | 136.961666 | 1876.585 | 197. 5127898 750. 634
i 27.043781 | 128.401819 514.956 | 186. 2808279 |  205. 9824
5IR[E 24. 467324 | 122.979483 120. 966 | 173. 6986921 48. 3864
HEAN 45. 404522 | 141.802501 | 2818.087 | 201. 0445126 | 1127.2348
=5 34.071994 | 139.559758 | 1835.967 | 197.3227221 |  734. 3868
B 34.369538 | 139.268635 | 1830.953 | 197. 2989686 |  732. 3812
PR 34.189411 | 139. 133461 1809. 64 | 197. 1972685 723. 856
R 34.676412 |  131.78989 | 1355.262 | 194. 6858899 |  542. 1048
(5057 36.178421 | 133.323571 | 1571.864 | 195.9737241 |  628. 7456
=157 33. 748686 | 129.785437 | 1169.784 | 193.4075383 | 467.9136
REFREF 40. 19175 140. 37156 |  2313.696 | 199. 3315506 |  925. 4784
i R 25. 846804 | 131. 263481 732.571 | 189. 3424243 |  293. 0284
% KLIH] 24.653418 | 124. 675463 57.687 | 167. 2669926 23. 0748
NGRS 33.026302 | 131.505465 | 1192.894 | 193.5774649 | 477. 1576
F . 45.24188 | 141.187328 | 2773.354 | 200. 9055308 | 1109. 3416
&l 44.303823 | 143.404055 | 2813.233 | 201. 0295387 | 1125.2932
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eI 25.944715 | 131. 326787 740. 931 | 189. 4409811 296. 3724
L9 42.071623 139. 43268 2412.233 | 199. 6938098 964. 8932
TS 24.825582 | 125. 145344 108. 775 | 172. 7760085 43.51
BE[E 26.592577 | 127. 240358 391. 852 | 183. 9078674 156. 7408
/MEE 33.190706 | 129. 090335 1084.624 | 192. 7510089 433. 8496
1A= 38. 060525 | 138.414155 2027.386 | 198. 1841535 810. 9544
LR 33. 013606 | 129. 192354 1071. 742 | 192. 6472369 428. 6968
B L [ 26.167442 | 127.293201 369. 688 | 183.4021493 147. 8752
T FRH 24. 059835 | 123.805629 53.854 | 166. 6697863 21. 5416
HLE 26.722701 | 127.786999 444,409 | 185. 0011159 177. 7636

23.2 lljﬂffﬂé%tﬁ & UT=BRIBR S HNET o632 e K OV el

DR, REFHREZ AT, BHHEFEOR — A= U N b MEHE#RE AF L, ke RLA
FICEED E LTOINERHDHEITIE, T4 72y VICE 2B AR H 2720, BEIC 24.1 10K
NHBZERBR, RKBERIOMA, Bk EZREH L, 28 EL L THRAGIMEZ R LT,

) A7y VI K AEHHRKOR L L S E )
LIFIZ, ITU-R P.526-14 #&EZ|Z LizBHHRKORH GIEZH A6 |ZR"T, start & stop

F EHTHAEEN TS L &0, FrAZ— MIREA My THIRTH D, start & stop O i
L BUORT R RIS o726 RbmWEFTZEHTRA b obs & LTI, 2T, start
& stop %%A/fil_n‘ﬁ@@%% slope_a &L, TNEERTHEMOMEE % slope b & L,
slope.b 7% obs ZiEIEBT 2 LI RERICBNT, start HH EFMICIER L7ZEBRE DR S %
intercept y & LTCEKE, slope_b 7% obs ZEET A EMUIBVTHIZHERE L slope_a & DAEE
diffraction base point & L. obs & diffraction base point D% H, start & diffraction
base point & OiFEfE% D1, diffraction base point & stop & DfFEfELZ D2 L9456, ZNbHDNT
A—=ZinG, factor v ZFHHE, BEHTHEE Gdiff (dB) 21% 5
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Intercept y |

slope_b EE

ﬁ%‘hl *...\.

\'\L‘ﬁﬂ slope a —
il _— D?,Lm\ i

diffracﬁon base point

start .:/ o1 2

y

X A6  TA Ty I K ARPHERE S

Bl LT, WREERZERE L, FLFEEERBNFTRO/BREEZR AL (IRT, BHLZDI (),
D2(m), H(m) ZM\WT, factor v ZFHHE L, BIF#EL Gdiff (dB)=61. 16dB @k F % 157=,

F AL HORE BRZE S ~ B L EE R AT ] O [T HR 2
(1) Z8HEFOD L — & — Dl B 8k
freq (GHz) 96. 00
2 (m) 0. 00

(Q AL — b ROA by THE, RN

e S
start (m) 0. 00 5.37
obs (m) 113470. 00 2310. 9| 7K - J5 111 "C O [RI4fT Hl S AEAZE
stop (m) 126595. 00 1348.2
() B mZEmEk
5% (@B) 174.09
(4) 74 7=y I LD EYHEKL
slope_a 0.01
slope_b -94. 27
intecept y(m) 10699669. 95
diffraction base 113481. 74 | 1203. 734 |x, yHEAE
point (m)
D1 (m) 113488. 07
D2 (m) 13114. 05
H (m) 1107.23
factor v 258. 35
Gdiff (dB) 61.16
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(2) [EPYZE i & 45 AR R SRR & O 8
BUFOBHIE, BB, 2 bICHATE 0 AR L. BB On (%0, RO —B AN
L % TR O T 5 2 & OBIME T 5. 2N b BT CBRR & fEA T &
E OWEE R LCH Y, BRI E Y 20, B CRR I T2 R85 510 8 5 1k
RYHZEMTES,

O EBEZE
9370 1L o AR L A VERA ZKIRABLAIR
500C 1000
0 ______J-’M 0 __J}‘%
0 50000 100000 150000 0 200000 400000 600000
VERA /N6 [ 8 0 /=) VERA ASKEHIE
500 2000

! l ’ W
J 500000 1000000 1500000 5 1000000 1500000

VERA 18 B E0AR)

500

(e}
.

]
1000000 2000000 3000000
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95370 1L o R 3 L A VERA ZKIRABLAIR
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O HERIEIRR 22
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FRLOWmEHRN O, MOZEH LM OER R SCBHR & ORPrEKZ RO MR E, —EIZLT
FIRT,

EHR | BAZE | KK i 5k
No. BN PRAE | MR | B EiEEN & RKIAE
(km) (dB) (dB) (dB) (dB)
126.6 | 174.1 50. 6 61.2 | 285.9 | Bl |LIFH IR BLAIET
415.3 | 184.4| 166.1 49.0 | 399.5 | VERA ZK{RELHIR
1 FRARTIE R 965.8 | 191.7 | 386.3 36.8 | 614.9 | VERA /NETFELERD
963.4 | 191.7| 385.4 50.3 | 627.4 | VERA ACKAEHIE
1943.5 | 197.8| 777.4 44.2 | 1019.4 | VERA 38 58015
173.6 | 176.8 69. 4 58.5 | 304.8 | Bl ILIFH IR EAIET
378.4| 183.6| 151.3 50.0 | 385.0 | VERA /KIVEHIE
2 % FH [T 978.6 | 191.9| 391.4 0.0 | 583.3 | VERA /NEJFELAIRD
1023.1 | 192.2| 409.2 49.1| 650.6 | VERA ASKELHIR
2002.3 | 198.1| 800.9 44,0 | 1043.0 | VERA A8 580015
339.6 | 182.7| 135.8 54.8 | 373.2 | BRI H IR ELAIET
741.2 | 189.4| 296.5 56.6 | 542.5 | VERA ZKIVEHIE
3 B 75 [ 5% 1052.5 | 192.5| 421.0 55.9 | 669.3 | VERA /NI
537.2 | 186.6| 214.9 54.6 | 456.1 | VERA ASKAEHIE
1542.3 | 195.8 | 616.9 46.4 | 859.1 | VERA 38 &I
779.3 | 189.9| 311.7 57.0 | 558.6 | BFil|LIFH B EAIFT
1138.1| 193.2| 455.2 49.9 | 698.3 | VERA ZK{RELHIR
4 & i 1339.5 194.6 | 535.8 51.4 | 781.8 | VERA /INEIEHIAIE
203.8 | 178.2 81.5 55.3 | 315.1 | VERA ASKANHIE
1186.0 | 193.5| 474.4 48.8 | 716.7 | VERA A73E 8L
1493.3 | 195.5| 597.3 58.3 | 851.1 | BFil|LUFHi B BLAIET
1908.4 | 197.7 | 763.4 55.4 | 1016.4 | VERA /KIVEHIE
5 Bili$ 1453.3 | 195.3| 581.3 32.7| 809.4 | VERA /NEIFELAIR
673.0 | 188.6| 269.2 32.6 | 490.4 | VERA ASKAEHIE
401.8 | 184.1| 160.7 58.7 | 403.6 | VERA AIESEHER
808.1| 190.2| 323.3 44.8 |  558.2 | B LS HT EEALHIAT
o 408.2 | 184.3| 163.3 49.2 | 396.8 | VERA ZK{REHHIR
° FT 1741.8 | 196.9 | 696.7 43.2|  936.8 | VERA /[NEFELAIR
1576.4 | 196.0| 630.6 48.5 | 875.1 | VERA ASKELHIR
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2595. 200. 1038. 1 45, 1284.0 | VERA AE &L
304. 181. 121.7 57. 360. 2L A BRI
699. 188. 280. 0 56. 525. 7 | VERA ZKIREBLHIR
7 R 95 T 1070. 192. 428.0 54, 675. 4 | VERA /INSERBLAIR
574. 187. 229.8 53. 470. 4 | VERA AKELHIR
1582. 196. 633. 2 Bil. 880. 7 | VERA AE LA
193. 177. 77.4 59. 314. L AR BRI
611. 187. 244. 4 55. 487.4 | VERA ZKINELHIR
8 H S ] 1003. 192. 401.5 31. 625. 1 | VERA /INSEJRUBHAIR
685. 188. 274.3 52. 515.0 | VERA ACKELAIR
1681. 196. 672.7 54. 923. 8 | VERA AE BT
851. 190. 340. 5 56. 587. 2L A BRI
1245. 194. 498. 1 51. 743.6 | VERA ZKIREBLAIR
9 e R B 1230. 193. 492. 3 50. 736.6 | VERA /NSRS
27. 160. 10.9 0. 171.6 | VERA ASKELHIR
1041. 192. 416. 4 61. 670.2 | VERA AE 8L
326. 182. 130. 6 55. 368. T AR BRI
111. 173. 44. 8 41. 259. 0 | VERA ZKIRELAI
10 & 1231. 193. 492. 5 22. 708. 3 | VERA /INERBLAIR
1189. 193. 475.8 54. 724.1 | VERA ACKELAIR
2197. 198. 878.9 51. 1129.4 | VERA AE &L
780. 189. 312.1 57. 559. 2L A BRI
1159. 193. 463. 7 56. 714.0 | VERA ZKIRELHIR
11 REA 1267. 194. 506. 8 57. 758. 7 | VERA /INERUEHHIR
127. 174. 50. 8 51. 276.9 | VERA AKELHIR
1139. 193. 455. 6 60. 709. 4 | VERA AE BT
790. 190. 316. 2 52. 558. L AR BRI
1190. 193. 476. 1 53. 722.8 | VERA ZKIRELAIR
12 B I 1170. 193. 468. 2 0. 661.6 | VERA /NSRRI
96. 171. 38.6 50. 261. 1 | VERA ACKELAIR
1092. 192. 437.1 52. 682. 7 | VERA AEEBLAE
159. 176. 63.9 58. 298. 2L A AR
569. 187. 227.9 57. 472.5 | VERA ZKINELHIR
1|k 1035. 192. 414. 4 41, 648. 2 | VERA /NSRS
717. 189. 286. 8 50. 525.9 | VERA AKELHIR
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1718. 196. 687. 4 46. 930. 4 | VERA AE BT
577. 187. 231.0 55. 473. L AR AR
957. 191. 382.9 53. 627.5 | VERA ZKIRELAIR
14 Fa L 1179. 193. 471.6 54. 719.7 | VERA /NEIFEBLAIR
313. 182. 125. 2 52. 360. 0 | VERA ACKELAIR
1332. 194. 532.9 48. 776.0 | VERA AEEBLAE
855. 190. 342.0 53. 586. L A AR
1222. 193. 489.0 57. 740. 4 | VERA ZKIREBLAIR
15 | Elg 1350. 194. 540. 0 54, 788. 7 | VERA /|NEFELHIIR
138. 174. 55. 5 45. 276. 1 | VERA ASKBLAIR
1096. 192. 438. 6 56. 688. 4 | VERA AE LA
329. 182. 131.7 56. 370. T AR BRI
725. 189. 290. 2 56. 535.8 | VERA ZKIRELAIR
16 | #hE 1069. 192. 428.0 51. 672.3 | VERA /[NEFLAIR
548. 186. 219.6 53. 460. 3 | VERA ACKELHIR
1557. 195. 622. 9 51. 869. 8 | VERA AE S BLAIRE
230. 179. 92. 2 55. 326. 2L A BRI
219. 178. 87.8 56. 323.0 | VERA ZKIREBLAIR
17 HE 1239. 193. 495. 8 57. 746.7 | VERA /INSEEUEHAIR
1049. 192. 419.7 47. 660. 0 | VERA AKELHI
2063. 198. 825. 6 Bil. 1075. 6 | VERA e Sl
1871. 197. 748.5 54, 1000. L AR BRI
2279. 199. 911.6 51. 1161.8 | VERA ZK{RBLAIR
18 e 1826. 197. 730. 4 0. 927.7 | VERA /INSEEUEHAIE
1016. 192. 406. 6 0. 598. 8 | VERA ACKELHIR
7. 149. 3.1 53. 206. 2 | VERA AHEBLAR
301. 181. 120.5 54, 356. 2L A AR
704. 189. 281.9 56. 527.1 | VERA ZKIRELAIR
19 NE 1044. 192. 417.9 B7. 667. 7 | VERA /INEIRBLAIR
575. 187. 230. 2 52. 470.0 | VERA AKELHIR
1579. 196. 631.8 44, 872. 4 | VERA AE BT
532. 186. 213.0 58. 458. L AR BRI
898. 191. 359.6 56. 606. 8 | VERA ZKIRELAIR
20 N = .
1205. 193. 482. 1 53. 729.5 | VERA /[NERELAIR
377. 183. 151.0 55. 389. 7 | VERA ACKELAI
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1396. 194. 558. 7 51. 805. 0 | VERA A E S BLAI
674. 188. 269. 9 55. 513.8 | B9l (LI H BRI A
1050. 192. 420. 2 56. 669. 2 | VERA ZKIREHIIR
21 Koy 1230. 193. 492. 4 45. 731. 4 | VERA /NEIFUBLAIR
227. 179. 91.0 55. 325.9 | VERA ASKELHI
1245. 194. 498. 3 50. 743.0 | VERA AE BT

718. 189. 287. 3 57. 533.6 | BP0 (LI H R A
1077. 192. 430.9 56. 680. 6 | VERA ZKIRELAIR
23 AT 1307. 194. 523. 1 45. 762. 8 | VERA /INSERBLAIR
239. 179. 95. 7 55. 330. 6 | VERA ASKEUAIR
1239. 193. 496. 0 50. 740. 6 | VERA AEEBLAE
449. 185. 179. 8 58. 423.0 | BP0 1L B BRI
837. 190. 335. 1 52. 577.6 | VERA ZKIREBLAIR
24 | @ 1113. 193. 445. 3 53. 692. 0 | VERA /|NEJFHIIR
431. 184. 172.7 53. 411.2 | VERA AKELHIR
1445. 195. 578. 3 54, 827.9 | VERA 3H &L
678. 188. 271. 2 42, 502. 5 | BP0 (LI E R A
294. 181. 117.6 51. 350. 3 | VERA ZKIRELAIR
25 PRAE 1633. 196. 653. 3 48. 897. 8 | VERA /INEIFBLAIR
1445, 195. 578. 2 51. 824. 8 | VERA ASKEUAIR
2464, 199. 985.9 43, 1229. 1 | VERA e S8
513. 186. 205. 6 52. 444. 5 | BP0 LT E R AL
912. 191. 364. 9 56. 612.2 | VERA ZKIRELAIR
26 & 1089. 192. 435. 6 0. 628. 4 | VERA /NI
362. 183. 145. 1 49. 377.6 | VERA AKELAIR
1370. 194. 548. 1 47, 790. 8 | VERA A3H EELHIR
435. 184. 174.2 49, 408. 8 | BFi LI H R A
95. 171. 38.1 56. 266. 3 | VERA ZKIRELAIR
27 FH 1401. 195. 560. 5 53. 808. 8 | VERA /INEJFBLAIR
1241. 193. 496.7 48. 739. 2 | VERA ASKEUAIR
2260. 199. 904. 0 48. 1151.5 | VERA e Sl
192. 177. 77.0 64. 319. 4 | BP0 (LI H BRI
28 NN
515. 186. 206. 1 55. 447.5 | VERA ZKINELHIR
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1168. 193. 467. 4 58. 718.8 | VERA /NSRS
754. 189. 301.6 51. 542.8 | VERA ACKELHIR
1770. 197. 708. 3 47. 952. 7 | VERA AE BT
1767. 197. 707.0 56. 960. 8 | B30 (L5 e LRI
2178. 198. 871.3 53. 1123.3 | VERA ZKiRBLAIR
29 w 1712. 196. 685. 1 0. 881.9 | VERA /NI
922. 191. 368.8 0. 560. 1 | VERA ACKELAIR
121. 173. 48. 4 57. 279.6 | VERA AEEBLAE
565. 187. 226. 3 50. 464. 2 | BP0 LS e R LA
181. 177. 72.7 58. 307.9 | VERA ZKIREBLAIR
30 Hx 1519. 195. 607. 9 B3, 856. 6 | VERA /INEIRBLAIR
1355. 194. 542.3 50. 787.4 | VERA ASKBLAIR
2375. 199. 950. 0 43. 1193. 1 | VERA e Sl
1172. 193. 468. 8 58. 721.0 | B930 (LIS EER LR
1587. 196. 634.8 53. 884.8 | VERA ZKIRELAIR
31 A 1240. 193. 496. 4 0. 690. 3 | VERA /INEJRBLAIR
374. 183. 149. 7 0. 333.2 | VERA ACKELAIR
709. 189. 283.9 45, 518. 3 | VERA AEEBLAE
834. 190. 333. 8 39. 564. L A AR
442, 185. 177. 2 53. 416.0 | VERA ZKINELHIR
32 gk (FLIE) 1779. 197. 711.8 45, 953.9 | VERA /|NEJFEELAIR
1587. 196. 635.0 51. 882.6 | VERA AKELHI
2605. 200. 1042. 1 54. 1296.9 | VERA e Sl
857. 190. 342.9 48. 582. L AR BRI
436. 184. 174.6 57. 417. 3 | VERA ZKINELHIR
33 I 1737. 196. 695. 0 52. 944. 1 | VERA /NEIRBLAIR
1661. 196. 664. 4 56. 917.6 | VERA AKELAIR
2680. 200. 1072. 2 57. 1329.9 | VERA AE S8BT
508. 186. 203. 5 60. 450. 2L A BRI
839. 190. 335.6 55. 581.6 | VERA ZKIREBLHIR
34 Ve 1279. 194. 511.8 53. 759. 9 | VERA /NSRS
465. 185. 186. 3 50. 421. 8 | VERA AKELHIR
1480. 195. 592. 1 Bil. 838. 6 | VERA AE LA
100. 172. 40.0 62. 274. L AR BRI
35 | #RAA s
409. 184. 163. 8 45, 393. 7 | VERA 7KL
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985. 191. 394. 0 39. 625. 1 | VERA /NSRRI
947. 191. 379. 1 62. 633.4 | VERA ACKELRIR
1932. 197. 773.0 51. 1022. 4 | VERA AE ST
439. 184. 175.9 57. 418.7 | BF LS e LA
809. 190. 323.8 56. 570. 2 | VERA ZKIREBLAIR
36 [t (L1 1165. 193. 466. 2 42. 702. 0 | VERA /INEJRBLAIR
461. 185. 184. 4 51. 420.7 | VERA AKELHIR
1479. 195. 591.9 47. 835. 0 | VERA AE L
452, 185. 181.0 52. 418.6 | BFi LS R LA
32. 162. 13.1 47. 222.8 | VERA ZKIRELAIR
37 | fE& 1372. 194. 548. 8 48. 791.7 | VERA /NSRRI
1289. 194. 515.6 50. 760. 0 | VERA ACKELAIR
2304. 199. 921.7 48. 1169. 8 | VERA AE &L
811. 190. 324. 4 54, 569. 3 | B30 L5 e LRI
1178. 193. 471.2 57. 722.1 | VERA ZKIREBLAIR
38 s 1328. 194. 531.5 48. 774. 8 | VERA /INSERBLAIR
156. 175. 62. 4 50. 288.6 | VERA AKELHI
1137. 193. 455. 2 56. 705. 1 | VERA AE 8L
928. 191. 371. 4 50. 613.0 | B9320 (L5 e LR
504. 186. 201.7 56. 444.7 | VERA ZKINELHIR
39 HilEg 1778. 197. 711. 4 0. 908. 4 | VERA /INE5UEHAIR
1743. 196. 697. 2 50. 945. 0 | VERA ACKELAIR
2762. 200. 1105.0 44, 1350. 4 | VERA AE &L
405. 184. 162. 4 54, 401. L A AR
804. 190. 322.0 56. 568. 7 | VERA ZKIREBLHIR
40 Y= 1067. 192. 427. 1 0. 619. 7 | VERA /INEIRBLAIR
470. 185. 188. 4 59. 433. 1 | VERA ACKELHIR
1477. 195. 591. 1 54. 840. 7 | VERA AE LA
130. 174. 52.0 57. 283. L AR BRI
548. 186. 219.2 56. 462. 4 | VERA ZKINELHIR
11 e it 936. 191. 374.6 0. 566. 1 | VERA /NS0
796. 190. 318.8 56. 565.5 | VERA AKELHIR
1776. 197. 710. 7 48. 956. 1 | VERA AE BT
1006. 192. 402. 4 48, 643. 2L A AR
42 i) N
584. 187. 233.9 54. 476. 0 | VERA ZKIREHHI
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1870. 197. 748. 4 51. 996. 9 | VERA /[N JF ISR
1804. 197. 721.8 52. 971.6 | VERA ASKELHIR
2823. 201. 1129. 5 52. 1382. 6 | VERA e Sl
225. 179. 90. 2 59. 329.0 | B930 (L5 e LRI
220. 178. 88. 1 49. 316.7 | VERA ZKIRELAIR
43 e 1136. 193. 454. 6 52. 699. 7 | VERA /NS
1099. 192. 439.8 58. 691. 3 | VERA ACKELAIR
2100. 198. 840. 3 53. 1092. 4 | VERA AE S8BT
321. 182. 128.6 52. 363. 3 | BF320 L5 e LR
103. 172. 41.5 60. 274.7 | VERA ZKIREBLAIR
44 L7 1267. 194. 506. 9 59. 760. 7 | VERA /INEIRBLAIR
1167. 193. 467. 2 53. 714.1 | VERA ACKBLAIR
2180. 198. 872. 1 54. 1125.7 | VERA e Sl
693. 188. 277.6 57. 524. 2 | B9 (LIS EE R LRI
1053. 192. 421. 4 57. 670.9 | VERA ZKIRELAIR
45 [ S 1293. 194. 517. 4 49. 760. 9 | VERA /INSERUEHAIE
254, 180. 101.8 49. 331.6 | VERA ACKELAIR
1260. 194. 504. 2 47. 746.2 | VERA AE 8L
439. 184. 175.8 56. 417. L A AR
815. 190. 326.3 52. 568.9 | VERA ZKIREBLHIR
46 FalE) 1147. 193. 459. 0 38. 690. 9 | VERA /N3RS
453, 185. 181.3 52. 418.8 | VERA AKELHIR
1471. 195. 588. 4 Bil. 835. 1 | VERA AE LA
139. 174. 55.8 63. 294, L AR BRI
443, 185. 177.3 54. 416. 3 | VERA ZKINELHIR
47 =] 1161. 193. 464. 5 59. 717.6 | VERA /NEIRBLAIR
825. 190. 330.2 50. 571.1 | VERA ACKELAIR
1840. 197. 736. 1 56. 989. 5 | VERA AE 8L
476. 185. 190. 4 61. 437. 2L A BRI
807. 190. 323.0 54, 567.2 | VERA ZKIREBLHIR
48 K CGERR) 1263. 194. 505. 2 52. 751. 7 | VERA /NS5 hAlE
489. 185. 196. 0 52. 434.5 | VERA ACKELHIR
1506. 195. 602. 7 B3, 851. 4 | VERA AE BT
922. 191. 369. 0 48, 609. L AR BRI
49 JEJI
515. 186. 206. 3 55. 447. 6 | VERA ZKINELHIR
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1839.5 | 197.3| 735.8 47.9 | 981.1 | VERA /|NFLAIR
1691.0 | 196.6 | 676.4 52.1| 925.1 | VERA ASKELAIR
2709.3 | 200.7 | 1083.7 42.6 | 1327.0 | VERA 738580015
55.3 | 166.9 22.1 68.9 | 258.0 | BFil|LFH B BLAIFT
434.3 | 184.8| 173.7 58.3 | 416.8 | VERA /KINEHIE

50 | FAA 1085.2 | 192.8 | 434.1 61.2 | 688.0 | VERA /NSEFELAIR
847.3 | 190.6 | 338.9 64.9 | 594.4 | VERA ASKEHIE
1853.0 | 197.4| 741.2 60.5 | 999.1 | VERA e SAHI=
853.1| 190.7| 341.2 51.2 | 583.1 | BFiO L= i B AT
1182.5 | 193.5| 473.0 54.0 | 720.5 | VERA /KIVELHIE

51 *HE 1467.8 | 195.4| 587.1 48.5 | 831.0 | VERA /INE R
299.8 | 181.6| 119.9 46.4 | 347.9 | VERA ASKEUAIR
1203.0 | 193.7| 481.2 51.1| 725.9 | VERA A3EEEHAR
203.8 | 178.2 81.5 63.3 | 323.0 | Bl |LUFH B EAIET
545.6 | 186.8 | 218.3 52.6 | 457.6 | VERA /KIVEHIE

52 | @t 1152.8 | 193.3 | 461.1 57.4 | 711.8 | VERA /NSEFELAIR
723.3 | 189.2| 289.3 50.8 | 529.3 | VERA ASKAEHIE
1739.3 | 196.9| 695.7 47.9 |  940. 4 | VERA A3EEBIE

I T N A

177.0 | 177.0 70.8 53.8 | 301.6 | B30 LG I B AT
333.7| 182.5| 133.5 51.4 | 367.4 | VERA /KINEHIE

54 | Kk (FHE) | 1022.2| 192.2| 408.9 0.0 | 601.1 | VERA /[NeJ5TRHIIE
1044.1 | 192.4| 417.7 52.8 | 662.9 | VERA ASKELHIR
2030.4 | 198.2| 812.2 49.0 | 1059.4 | VERA A8 580015
1542.1 | 195.8| 616.8 54.0 | 866.6 | Bl |LFH B BT
1952.3 | 197.9 | 780.9 53.3 | 1032.1 | VERA /KIVEHIE

55 | AKE 1543.5 | 195.8| 617.4 48.3 | 861.5 | VERA /NSRRI
698.3 | 188.9| 279.3 47.4 | 515.6 | VERA ASKERHIR
335.0 | 182.5| 134.0 58.8 | 375.4 | VERA e SAEHIE
1276.0 | 194.2 | 510.4 57.9 | 762.4 | B0 LG B B AT
1689.8 | 196.6| 675.9 53.9 | 926.4 | VERA /KINEHIE

56 (= 1320.1 | 194.5| 528.0 45.0 | 767.4 | VERA /NI
459.1| 185.3| 183.6 39.4 | 408.3 | VERA ASKELAIR
604.7 | 187.7| 241.9 59.4 | 488.9 | VERA AIEHEEHAR

57 | &L 958.3 | 191.7| 383.3 54.8 | 629.8 | BT H B BAIET
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1320. 194. 528.0 57. 779.5 | VERA ZKIRELAIR
1431. 195. 572. 6 50. 817.9 | VERA /NSRS
182. 177. 73.0 57. 308.0 | VERA ACKELHIR
1022. 192. 408. 8 55. 656. 2 | VERA AE 8L
954, 191. 381.6 52. 626. 0 | B30 (LIS e LRI
1362. 194. 545.0 54. 793.7 | VERA ZKIRELAIR
58 | BAS 1185. 193. 474.3 0. 667.8 | VERA /NSRRI
152. 175. 61.0 46. 283.0 | VERA ACKELAIR
921. 191. 368. 6 60. 620. 5 | VERA AE 8L
392. 183. 156.9 60. 401. 6 | BF3 L5 e LRI
735. 189. 294. 1 57. 541.2 | VERA ZKIREBLAIR
59 | B 1208. 193. 483. 4 49, 726. 3 | VERA /NEJRAELAIIR
543. 186. 217. 4 50. 454. 1 | VERA ACKELHIR
1563. 195. 625. 2 48. 869. 9 | VERA AE LA
380. 183. 152.3 59. 395. 2 | BP0 (LS e LR
797. 190. 318.9 53. 562. 4 | VERA ZKIRELAIR
60 AL A R 981. 191. 392. 6 40. 625.0 | VERA /INEJRBLAIR
508. 186. 203.3 54. 443.5 | VERA ACKELHIR
1494. 195. 597.9 54. 848. 1 | VERA AEEBLARE
152. 175. 60.9 52. 289. 4 | BP30 (L5 EE R LRI
508. 186. 203. 2 46. 435. 9 | VERA ZKINELHIR
61 KE 895. 191. 358. 0 57. 606.9 | VERA /[N JF AR
896. 191. 358.5 52. 601. 7 | VERA ACKELHI
1863. 197. 745. 3 30. 972.9 | VERA AE BT
601. 187. 240. 7 57. 485. 7 | BF LS R LA
967. 191. 387.0 59. 637.7 | VERA ZKIRELAIR
62 S [E 1233. 193. 493.5 50. 738.2 | VERA /INEIFBLAIR
315. 182. 126. 1 54. 362.9 | VERA ACKELAIR
1333. 194. 533.2 53. 781. 5 | VERA AEEBLAE
338. 182. 135.6 46. 365. 1 | B30 (L5 e LR
121. 173. 48. 8 57. 280. 4 | VERA ZKIREBLHIR
63 | FEN 1319. 194. 527. 8 55. 777.3 | VERA /NSRRI
1155. 193. 462. 1 51. 707.2 | VERA ACKELAIR
2171. 198. 868. 7 43. 1110. 8 | VERA e Sl
64 LB 336. 182. 134.5 59. 376. L AR BRI
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678.7 | 188.7| 271.5 49.7 | 509.8 | VERA ZK{REHHIR
707.5 | 189.0| 283.0 56.0 | 528.0 | VERA /NFELAIR
891.7 | 191.1| 356.7 0.0 | 547.7 | VERA ASKEUAIR
1801.1 | 197.2| 720.4 54.0 | 971.7 | VERA AIEEEHAR
I T I A I

1320.9 | 194.5| 528.4 58.9 | 781.8 | Bl ILFH IR ELAIET
1735.7 | 196.8 | 694.3 55.3 | 946.4 | VERA /KRB

66 ok B 1337.8 | 194.6 | 535.1 0.0 | 729.7 | VERA /NEJsELHIR
507.2 | 186.1| 202.9 0.0 | 389.0 | VERA ASKELHI
564.0 | 187.1| 225.6 53.5 | 466.1 | VERA e EAHIE
914.0| 191.3| 365.6 58.0 | 614.9 | BFi0 LG B B AT
1323.0 | 194.5| 529.2 55.5 | 779.1 | VERA /KIVEHIE

67 R 5 1161.9 | 193.4| 464.7 0.0 | 658.1 | VERA /IR
137.1| 174.8 54.9 59.6 | 289.2 | VERA ASKELAIR
961.3 | 191.7| 384.5 46.6 | 622.8 | VERA f73E 8
336.8 | 182.6| 134.7 61.2 | 378.5 | Bl |LUFH EBIRBLAIET
690.9 | 188.8| 276.4 57.1| 522.3 | VERA /KRB

68 | {HJE 1170.5 | 193.4 | 468.2 51.8 | 713.4 | VERA /INEJEELHIR
580.4 | 187.3| 232.2 56.0 | 475.4 | VERA ASKELHIR
1599.0 | 196.1| 639.6 55.6 | 891.3 | VERA e S
1167.1| 193.4| 466.8 58.8 | 719.0 | B0 LG BB B AT
1583.6 | 196.0| 633.5 53.4 | 882.9 | VERA /KINEHIE

69 | ER 1219.1| 193.8| 487.6 45.7 | 727.1 | VERA /INEJETRRIAIE
383.0| 183.7| 153.2 0.0 | 336.9 | VERA KB
719.4 | 189.2| 287.8 55.8 | 532.8 | VERA AIEEEHAR
585.7 | 187.4| 234.3 48.4 | 470. 1 | B30 LS H SR AT
175.5 | 176.9 70. 2 52.5 | 299.7 | VERA /KRB

70 =3 1511.8 | 195.6 | 604.7 51.9 | 852.2 | VERA /INEJsELHIR
1395.3 | 194.9 | 558.1 47.7 | 800.8 | VERA AR
2414.1 | 199.7 | 965.6 42.7 | 1208.1 | VERA A3H B

I T R A I

856.5 | 190.7| 342.6 56.4 | 589.7 | BFiO LG I B AT
1234.7 | 193.9| 493.9 55.3 | 743.0 | VERA /KINEHIE

72 KEL
1308.8 | 194.4| 523.5 48.6 | 766.5 | VERA /|NSFELAIR
85.6 | 170.7 34.3 51.7 | 256.6 | VERA ASKELHIR
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1069. 0 192. 6 427.6

53.

674.

VERA 8 EE8HAIR

1012. 8 192. 2 405. 1

46.

644.

3 L BRI B AT

588. 2 187. 4 235.3

57.

480.

VERA 7KiRELHIE

73 AR RE A 1845.7 | 197.4| 1738.3 32. 968. 3 | VERA /INEIRBLAIR
1829.1 | 197.3| 731.6 50. 978.9 | VERA ACKELHIR
2848.5 | 201.1| 1139.4 49. 1390. 5 | VERA e Sl
201.6 | 178.1 80. 7 59. 318. L AR BRI
418.4 | 184.5| 167.4 56. 407. 9 | VERA ZKINELHIR

74 BEXK 1234. 4 193.9| 493.8 54, 742.6 | VERA /NS
858.0 | 190.7| 343.2 52. 586.5 | VERA AKELHIR
1876.6 | 197.5| 750.6 46. 995. 0 | VERA AEEBLAE
1372.9 | 194.8| 549.2 57. 800. 2L A BRI
1788.0 | 197.1| 715.2 52. 965. 0 | VERA ZKIRELHIR

75 5. 1369. 7 194.8 | 547.9 0. 742.6 | VERA /]N&JEUERTH )RS
557.6 | 187.0| 223.1 25. 435. 9 | VERA AKELHIR
515.0 | 186.3 | 206.0 B7. 449. 5 | VERA e A=
1955.9 | 197.9 | 782.4 51. 1032. T AR BRI
2357.6 | 199.5| 943.0 48. 1191. 1 | VERA ZK{RBLAIR

76 53R 1949.3 | 197.8| 779.7 0. 977.6 | VERA /INEFLAIR
1089.5 | 192.8| 435.8 0. 628. 6 | VERA ACKELAIR
121.0 | 173.7 48. 4 41. 263. 3 | VERA AE BT
1087.3 | 192.8| 434.9 49, 677. 2L A BRI
698.8 | 188.9| 279.5 48. 516.8 | VERA ZKIREBLHIR

77 HER 2032. 4 198.2 | 813.0 40. 1051.5 | VERA /|NEJEEhlfm
1806.6 | 197.2| 722.6 47. 967.6 | VERA AKELHIR
2818.1 | 201.0| 1127.2 42. 1370. 7 | VERA e Sl
230.2 | 179.3 92. 1 55. 326. L AR BRI
579.0 | 187.3| 231.6 47. 466. 4 | VERA ZKINELHIR

78 =B 814.6 | 190.3| 325.8 0. 516. 1 | VERA /NSRRI
890.8 | 191.0| 356.3 52. 600. 3 | VERA ACKELAIR
1836.0 | 197.3| 734.4 32. 964. 0 | VERA AEEBLAE
189.2 | 177.6 75.7 57. 310. 2L A AR
554.2 | 186.9| 221.7 46. 454. 8 | VERA ZKINELHIR

79 B .
854.7 | 190.7| 341.9 41, 573.6 | VERA /NSRS
873.9 | 190.9| 349.6 50. 591. 1 | VERA ACKELAI
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1831.0

197.3

732. 4

33.7

963. 4 | VERA “AHE EEHAIE

203.8 | 178.2 81.5 56.4 | 316.1 | Bl |IFH B BAIET
577.0 | 187.3 | 230.8 46.1 | 464.2 | VERA ZKIRELHIR
85 | MhHEE 840.4 | 190.5| 336.2 0.0 | 526.7 | VERA /NMEEBLHIR
856.3 | 190.7 | 342.5 52.2 | 585.4 | VERA AL
1809.6 | 197.2| 723.9 38.2 | 959.3 | VERA Al AR
623.6 | 187.9| 249.5 56.6 | 494.0 | Bl | LFH B BT
967.7 | 191.8| 387.1 54.3 | 633.1 | VERA ZKIELHIR
86 | Ak 1302.8 | 194.3 | 521.1 51.8 | 767.2 | VERA /]NEIFELANR
348.3| 182.9| 139.3 49.9 | 372.2 | VERA ASKAELHIR
1355.3 | 194.7 | 542.1 45.6 | 782.4 | VERA AEEEIIE
464.5 | 185.4| 185.8 62.3 | 433.5 | BRI H B BT
762.8 | 189.7| 305.1 55.9 | 550.7 | VERA ZKIRNELHIE
87 | bRk 1312.7 | 194.4| 525.1 48.3 | 767.8 | VERA /INEFAELAIR
559.0 | 187.0| 223.6 51.8 | 462.4 | VERA AL
1571.9 | 196.0| 628.7 45.9 | 870.6 | VERA AHEBIE
830.6 | 190.4| 332.3 56.1 | 578.8 | Bl |LIFH B BLAIFT
1178.5 | 193.5| 471.4 54.4 | 719.3 | VERA ZKIRELHIR
88 Bl 1402.3 | 195.0| 560.9 52.8 | 808.7 | VERA /INEJEUEIHIE
230.2 | 179.3 92.1 51.7 | 323.0 | VERA ASKELHIR
1169.8 | 193.4| 467.9 55.4 | 716.7 | VERA A B
500.0 | 186.0 | 200.0 49.6 | 435.6 | BiOLSH R AT
134.4 | 174.6 53.8 59.3 | 287.7 | VERA /KRNI
89 REFREF 1463.0 | 195.4| 585.2 49.2 | 829.7 | VERA /INMEFEIIE
1294.5 | 194.3| 517.8 51.6 | 763.8 | VERA AL
2313.7 | 199.3| 925.5 45.4 | 1170.2 | VERA A3EEBE
1313.6 | 194.4 | 525.5 60.0 | 779.9 | Bl ILFH IR BLAIET
90 | FIRH 1738.5 | 196.8 | 695.4 51.9 | 944.2 | VERA /KRB
1100.5 | 192.9| 440.2 0.0 | 633.1 | VERA /NSRRI
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659.0 | 188.4| 263.6 34.4 | 486.4 | VERA ASKEHIE
732.6 | 189.3| 293.0 50.2 | 532.6 | VERA e A
1820.6 | 197.2| 728.2 57.1| 982.6 ST B AL T
2229.2 | 199.0| 891.7 53.8 | 1144.5 | VERA /KIRNEHIE

91 % KLIH] 1777.2 | 197.0| 710.9 26.3 | 934.3 | VERA /NEEELHIR
968.3 | 191.8| 387.3 0.0 | 579.1 | VERA ASKEUAIR
57.7| 167.3 23.1 58.6 | 248.9 | VERA AIEEEHARD
716.9 | 189.2| 286.8 55.1 | 531.0 | Bl |UFHi B BT
1099.4 | 192.9 | 439.8 53.7 | 686.4 | VERA /KINEHIE

92 NGRS 1223.5 | 193.8| 489.4 52.5 | 735.7 | VERA /NEJEGETIE
173.6 | 176.8 69. 5 58.2 | 304.5 | VERA ASKAEHIE
1192.9 | 193.6| 477.2 57.1| 727.8 | VERA e A=
1057.5 | 192.5| 423.0 47.9 | 663.4 e LA
678.5| 188.7| 271.4 48.1| 508.1 | VERA ZK{RELHIR

93 | FlR 2016.1| 198.1| 806.4 45.6 | 1050.2 | VERA /NSRRI
1763.5 | 197.0| 705.4 49.2 | 951.5 | VERA ASKEUAIR
2773.4 | 200.9| 1109.3 37.5 | 1347.7 | VERA AIEEEHARD
1018.5 | 192.2| 407.4 55.7 | 655.3 | Bl H I BT
604.5 | 187.7| 241.8 54.8 | 484.3 | VERA /KINEHIE

94 | KB 1912.7 | 197.7 | 765.1 54.2 | 1017.0 | VERA /NSEFELAIR
1794.8 | 197.1| 717.9 48.8 | 963.9 | VERA ASKELHIR
2813.2 | 201.0| 1125.3 47.1 | 1373.4 | VERA f73E BB
1301.1| 194.3| 520.4 59.2 | 774.0 ST B AL T
1725.9 | 196.8| 690.4 54,0 | 941.1 | VERA /KINEHIE

95 JERK 1092.5 | 192.8| 437.0 0.0 | 629.8 | VERA /NETFELAIRD
649.0 | 188.3| 259.6 32.7| 480.6 | VERA ASKELAIR
740.9 | 189.4| 296.4 47.4 | 533.2 | VERA 38 8
685.3 | 188.8| 274.1 52.1 | 515.0 | Bl |LUFH B BT
356.6 | 183.1| 142.6 55.5 | 381.2 | VERA /KINEHIE

96 B 1681.0 | 196.6 | 672.4 48.4 | 917.3 | VERA /INE R
1396.3 | 194.9 | 558.5 52.3 | 805.8 | VERA ASKAHIE
2412.2 | 199.7 | 964.9 40.1 | 1204.7 | VERA A3E B

I C T N R

1774.2 /| 197.0| 709.7 58.1| 964.8 | B3 LG B B AT

98 FHE
2184.1| 198.8| 873.7 53.7 | 1126.2 | VERA /KINELHIE
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1726.7 | 196.8| 690.7 0.0 | 887.5 | VERA /NMEFEBLAIR
926.1| 191.4| 370.4 23.3 | 585.1 | VERA AL
108.8 | 172.8 43.5 57.4 | 273.7 | VERA A A=
B ECT R I N

1487.6 | 195.5| 595.0 57.9 | 848.4 | BFil|LUFH B BT
1899.3 | 197.6 | 759.7 54.3 | 1011.7 | VERA ZKIRELHIR

100 | ZEE 1488.7 | 195.5| 595.5 42.0 | 833.0 | VERA /]NEJFELHIR
650.6 | 188.3| 260.2 0.0 | 448.5 | VERA KB
391.9 | 183.9| 156.7 58.0 | 398.6 | VERA eSS
913.1| 191.3| 365.2 56.1 | 612.5 | Bl |IFH IR EAIET
1266.8 | 194.1| 506.7 57.0 | 757.8 | VERA ZKIRNELHIE

101 | AMEE 1432.4 | 195.2| 573.0 51.2 | 819.3 | VERA /IVEIRBLAIR
204.2 | 178.2 81.7 0.0| 259.9 | VERA AKELHIR
1084.6 | 192.8| 433.8 53.6 | 680.2 | VERA Al SAEHIE

234.9 | 179.5 94. 0 55.3 | 328.7 | BRI H BB BLAIET
265.1| 180.5| 106.0 55.1 | 341.6 | VERA ZKIELHIR

103 | 1267.4 | 194.1| 507.0 53.6 | 754.6 | VERA /INEIRELHIE
1009.9 | 192.1| 404.0 50.0 | 646. 1 | VERA ASKELHIR
2027.4 | 198.2| 811.0 48.5 | 1057.7 | VERA A3EEEIR
911.9| 191.2| 364.8 55.0 | 611.0 | Bl | Hi B ELAIET
1270.3 | 194.1| 508.1 57.9 | 760.1 | VERA /KRNI

104 | LHE 1415.6 | 195.1| 566.2 49.4 | 810.7 | VERA /|NSFALAIR
183.0 | 177.3 73.2 0.0| 250.5 | VERA NSRBI
1071.7 | 192.6| 428.7 55.9 | 677.3 | VERA A AR
1518.8 | 195.7 | 607.5 58.0 | 861.2 | BFil|LIFHi B BT
1932.6 | 197.8| 773.0 53.6 | 1024.4 | VERA ZKIELHIR

107 | BERM 1488.7 | 195.5| 595.5 33.4 | 824.4 | VERA /NI
690.3 | 188.8| 276.1 0.0 | 464.9 | VERA AKEHIF
369.7 | 183.4| 147.9 59.3 | 390.5 | VERA e S
1929.0 | 197.8| 771.6 51.7 | 1021. 1 | Bl |IFHi B BLAIT

108 | WeHRMH 2336.3 | 199.4| 934.5 53.5 | 1187.4 | VERA /KiRBLAIR
1878.2| 197.5| 751.3 0.0 | 948.8 | VERA /INMEFEBLAIR
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CR) 7 L—7 7 F LTCWAERTIL, ~VU R— FD7=DRL,

195

1072.9 | 192.7| 429.2 0.0| 621.8 | VERA AKELHIR
53.9 | 166.7 21.5 36.2 | 224.4 | VERA A4
1440.2 | 195.2 | 576.1 58.3 | 829.6 | Bl |LFH B BLAIFT
1853.8 | 197.4| 741.5 52.7 | 991.6 | VERA ZKIRELHIR

109 | FHLE 1433.2 | 195.2| 573.3 41.5 | 809.9 | VERA /]NEJFELHIR
613.7 | 187.8| 245.5 31.8 | 465.1 | VERA ASKELHIR
444.4| 185.0| 177.8 60.4 | 423.2 | VERA I




24. 1 HURUERRZEHE & B RS oW
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0 10000 20000 30000 40000 50000 60000

(1) Ze#FOD L — & — o HLL JE R 3K
freq (GHz) 96. 00
A (m) 0. 00

(@ AZ— FROA by ZHR, BT R

start (m) 0. 00 5. 08

obs (m) 57910. 00 40. 38| 7K -7 1) C 0D [E T 1 A A%
stop (m) 59707. 00 38. 82|

(3) B HZeEK
|$E9& (dB) 167.57

@) FA 7=y VI LB EPHEK

slope_a 0. 000565

slope_b -1769. 62

intecept y(m) 102478770. 97

diffraction base 57910. 00| 32. 72453 |x, yJERE
point (m)

D1 (m) 57910. 01

D2 (m) 1797.01

H (m) 7.66

factor v 4. 64

Gdiff (dB) 26. 16
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RECOMMENDATION ITU-R RA.769-2

Protection criteria used for radio astronomical measurements
(Question ITU-R 145/7)

(1992-1995-2003)

The ITU Radiocommunication Assembly,

considering

a) that many of the most fundamental astronomical advances made in the past five decades, (e.g. the
discovery of radio galaxies, quasars, and pulsars, the direct measurement of neutral hydrogen, the direct
measurement of distances of certain external galaxies, and establishment of a positional reference frame accurate to
~20 arc [s) have been made through radio astronomy, and that radio astronomical observations are expected to
continue making fundamental contributions to our understanding of the Universe, and that they provide the only
way to investigate some cosmic phenomena;

b) that the development of radio astronomy has also led to major technological advances, particularly in
receiving and imaging techniques, and to improved knowledge of fundamental radio-noise limitations of great
importance to radiocommunication, and promises further important results;

c) that radio astronomers have made useful astronomical observations from the Earth’s surface in all
available atmospheric windows ranging from 2 MHz to 1 000 GHz and above;

d) that the technique of space radio astronomy, which involves the use of radio telescopes on space platforms,
provides access to the entire radio spectrum above about 10 kHz, including parts of the spectrum not accessible
from the Earth due to absorption in atmosphere;

e) that protection from interference is essential to the advancement of radio astronomy and associated
measurements;
1) that radio astronomical observations are mostly performed with high-gain antennas or arrays, to provide

the highest possible angular resolution, and consequently main beam interference does not need to be considered in
most situations, except when there is the possibility of receiver damage;

g) that most interference that leads to the degradation of astronomical data is received through the far side
lobes of the telescope;

h) that the sensitivity of radio astronomical receiving equipment, which is still steadily improving,
particularly at millimetre wavelengths, and that it greatly exceeds the sensitivity of communications and radar
equipment;

1) that typical radio astronomical observations require integration times of the order of a few minutes to
hours, but that sensitive observations, particularly of spectral lines, may require longer periods of recording,
sometimes up to several days;
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k) that some transmissions from spacecraft can introduce problems of interference to radio astronomy and
that these cannot be avoided by choice of site for an observatory or by local protection;

1) that interference to radio astronomy can be caused by terrestrial transmissions reflected by the Moon, by
aircraft, and possibly by artificial satellites;

m) that some types of high spatial-resolution interferometric observations require simultaneous reception, at
the same radio frequency, by widely separated receiving systems that may be located in different countries, on
different continents, or on space platforms;

n) that propagation conditions at frequencies below about 40 MHz are such that a transmitter operating
anywhere on the Earth might cause interference detrimental to radio astronomy;

0) that some degree of protection can be achieved by appropriate frequency assignments on a national rather
than an international basis;

p) that WRCs have made improved allocations for radio astronomy, particularly above 71 GHz, but that
protection in many bands, particularly those shared with other radio services, may still need careful planning;

q) that technical criteria concerning interference detrimental to the radio astronomy service (RAS) have been
developed, which are set out in Tables 1, 2, and 3,

recommends
1 that radio astronomers should be encouraged to choose sites as free as possible from interference;
2 that administrations should afford all practicable protection to the frequencies and sites used by radio

astronomers in their own and neighbouring countries and when planning global systems, taking due account of the
levels of interference given in Annex 1;

3 that administrations, in seeking to afford protection to particular radio astronomical observations, should
take all practical steps to reduce all unwanted emissions falling within the band of the frequencies to be protected
for radio astronomy to the absolute minimum. Particularly those emissions from aircraft, high altitude platform
stations, spacecraft and balloons;

4 that when proposing frequency allocations, administrations take into account that it is very difficult for
the RAS to share frequencies with any other service in which direct line-of-sight paths from the transmitters to the
observatories are involved. Above about 40 MHz sharing may be practicable with services in which the transmitters
are not in direct line-of-sight of the observatories, but coordination may be necessary, particularly if the transmitters
are of high power.
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Annex 1

Sensitivity of radio astronomy systems

1 General considerations and assumptions used in the calculation of interference levels
1.1 Detrimental-level interference criterion

The sensitivity of an observation in radio astronomy can be defined in terms of the smallest power level change AP
in the power level P at the radiometer input that can be detected and measured. The sensitivity equation is:

AP 1

P Aot

(M

where:
Pand AP:  power spectral density of the noise
Afo:  bandwidth

. integration time. P and AP in equation (1) can be expressed in temperature units
through the Boltzmann’s constant, £:

AP=kAT; also P=kT 0ooo

Thus we may express the sensitivity equation as:

AT =L 3)

1[Af0t

where:

T = T4 + Tz

This result applies for one polarization of the radio telescope. 7 is the sum of 7,4 (the antenna noise temperature
contribution from the cosmic background, the Earth’s atmosphere and radiation from the Earth) and 7%, the receiver
noise temperature. Equations (1) or (3) can be used to estimate the sensitivities and interference levels for radio
astronomical observations. The results are listed in Tables 1 and 2. An observing (or integration) time, ¢, of 2000 s
is assumed, and interference threshold levels, APy, given in Tables 1 and 2 are expressed as the interference power
within the bandwidth Afthat introduces an error of 10% in the measurement of AP (or AT), i.e.:

APy =0.1AP Af 4)
In summary, the appropriate columns in Tables 1 and 2 may be calculated using the following methods:
— AT, using equation (3),
— AP, using equation (2),

— APy, using equation (4).
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The interference can also be expressed in terms of the pfd incident at the antenna, either in the total bandwidth or
as a spectral pfd, Su, per 1 Hz of bandwidth. The values given are for an antenna having a gain, in the direction of
arrival of the interference, equal to that of an isotropic antenna (which has an effective area of c*/4n f2, where ¢ is
the speed of the light and f'the frequency). The gain of an isotropic radiator, 0 dBi, is used as a general representative
value for the side-lobe level, as discussed under § 1.3.

Values of Sy Af (dB(W/m?)), are derived from APy by adding:

20 log f-158.5  dB (5)

where f'(Hz). Sy is then derived by subtracting 10 log Af (Hz) to allow for the bandwidth.

1.2 Integration time

The calculated sensitivities and interference levels presented in Tables 1 and 2 are based on assumed integration
times of 2000 s. Integration times actually used in astronomical observations cover a wide range of values.
Continuum observations made with single-antenna telescopes (as distinct from interferometric arrays) are well
represented by the integration time of 2 000 s, typical of good quality observations. On the other hand 2 000 s is less
representative of spectral line observations. Improvements in receiver stability and the increased use of correlation
spectrometers have allowed more frequent use of longer integration times required to observe weak spectral lines,
and spectral line observations lasting several hours are quite common. A more representative integration time for
these observations would be 10 h. For a 10 h integration, the threshold interference level is 6 dB more stringent than
the values given in Table 2. There are also certain observations of time varying phenomena, e.g. observations of
pulsars, stellar or solar bursts, and interplanetary scintillations for which much shorter time periods may be adequate.

1.3 Antenna response pattern

Interference to radio astronomy is almost always received through the antenna side lobes, so the main beam response
to interference need not be considered.

The side-lobe model for large paraboloid antennas in the frequency range 2 to 30 GHz, given in Recommendation
ITU-R SA.509 is a good approximation of the response of many radio astronomy antennas and is adopted throughout
this Recommendation as the radio astronomy reference antenna. In this model, the side-lobe level decreases with
angular distance (degrees) from the main beam axis and is equal to 32 — 25 log ¢ (dBi) for 1° [0 ¢ [J 48°. The effect
of an interfering signal clearly depends upon the angle of incidence relative to the main beam axis of the antenna,
since the side-lobe gain, as represented by the model, varies from 32 to —10 dBi as a function of this angle.
However, it is useful to calculate the threshold levels of interference strength for a particular value of side-lobe gain,
that we choose as 0 dBi, and use in Tables 1 to 3. From the model, this side-lobe level occurs at an angle of 19.05°
from the main beam axis. Then a signal at the detrimental threshold level defined for 0 dBi side-lobe gain will
exceed the criterion for the detrimental level at the receiver input if it is incident at the antenna at an angle of less
than 19.05°. The solid angle
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within a cone of angular radius 19.05° is 0.344 sr, which is equal to 5.5% of the 27 sr of the sky above the horizon
that a radio telescope is able to observe at any given time. Thus if the probability of the angle of incidence of
interference is uniformly distributed over the sky, about 5.5% of interfering signals would be incident within 19.05°
of the main beam axis of an antenna pointed towards the sky. Note also that the 5.5% figure is in line with the
recommended levels of data loss to radio astronomy observations in percentage of time, specified in Recommen-
dation ITU-R RA.1513.

The particular case of non-GSO satellites presents a dynamic situation, that is, the positions of the satellites relative
to the beam of the radio astronomy antenna show large changes within the time scale of the 2 000 s integration time.
Analysis of interference in this case requires integrating the response over the varying side-lobe levels, for example,
using the concept of epfd defined in No. 22.5C of the Radio Regulations (RR). In addition it is usually necessary to
combine the responses to a number of satellites within a particular system. In such calculations it is suggested that
the antenna response pattern for antennas of diameter greater than 100 A in Recommendation ITU-R S.1428 be used
to represent the radio astronomy antenna, until a model based specifically on radio astronomy antennas is available;
see § 2.2 for further discussion.

14 Bandwidth

Equation (1) shows that observations of the highest sensitivity are obtained when radio astronomers make use of
the widest possible bandwidth. Consequently, in Table 1 (continuum observations), Af'is assumed to be the width
of the allocated radio astronomy bands for frequencies up to 71 GHz. Above 71 GHz a value of 8 GHz is used,
which is a representative bandwidth generally used on radio astronomy receivers in this range. In Table 2 (spectral
line observations) a channel bandwidth Af'equal to the Doppler shift corresponding to 3 km/s in velocity is used for
entries below 71 GHz. This value represents a compromise between the desired high spectral resolution and the
sensitivity. There are a very large number of astrophysically important lines above 71 GHz, as shown in
Recommendation ITU-R RA.314 and only a few representative values for the detrimental levels are given in Table
2 for the range 71-275 GHz. The channel bandwidth used to compute the detrimental levels above 71 GHz is
1000 kHz (1 MHz) in all cases. This value was chosen for practical reasons. While it is slightly wider than the
spectral channel width customary in radio astronomy receivers at these frequencies, it is used as the standard
reference bandwidth for space services above 15 GHz.

1.5 Receiver noise temperature and antenna temperature

The receiver noise temperatures in Tables 1 and 2 are representative of the systems in use in radio astronomy. For
frequencies above 1 GHz these are cryogenically cooled amplifiers or mixers. The quantum effect places a
theoretical lower limit of A7k on the noise temperature of such devices, where /4 and & are Planck’s and Boltzmann’s
constants, respectively. This limit becomes important at frequencies above 100 GHz, where it equals 4.8 K. Practical
mixers and amplifiers for bands at 100 GHz and higher provide noise temperatures greater than Af/k by a factor of
about four. Thus, for frequencies above 100 GHz, noise temperatures equal to 44f/k are used in Tables 1 and 2.
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The antenna temperatures in the Tables are also representative of practical systems in use in radio astronomy. They
include the effects of the ionosphere or the neutral atmosphere, ground pickup in side lobes resulting from spillover
or scattering, ohmic losses, and the cosmic microwave background. At frequencies above 100 GHz the atmospheric
losses due to water vapour in the neutral atmosphere become very important. For these frequencies the values given
are typical of the terrestrial sites used for major millimetric-wave radio astronomy facilities, such as Mauna Kea,
Hawaii, or the Llano de Chajnantor at an elevation of 5000 m in Chile, which is the site chosen for a major
international radio astronomy array for frequencies in the range 30 GHz to 1 THz.

2 Special cases

The levels given in Tables 1 and 2 are applicable to terrestrial sources of interfering signals. The detrimental pfd
and spectral pfd shown in Tables 1 and 2 assume that interference is received through a 0 dBi side lobe, and should
be regarded as the general interference criteria for high sensitivity radio astronomy observations, when the
interference does not enter the near side lobes.

2.1 Interference from GSO satellites

Interference from GSO satellites is a case of particular importance. Because the power levels in Tables 1 and 2 were
calculated based on a 0 dBi antenna gain, interference detrimental to radio astronomy will be encountered when a
reference antenna, such as described in Recommendation ITU-R SA.509, is pointed within 19.05° of a satellite
radiating at levels in accordance with those listed in the Tables. A series of such transmitters located around the GSO
would preclude radio astronomy observations with high sensitivity from a band of sky 38.1° wide and centred on
the orbit. The loss of such a large area of sky would impose severe restrictions on radio astronomy observations.

In general, it would not be practical to suppress the unwanted emissions from satellites to below the detrimental
level when the main beam of a radio telescope is pointed directly towards the satellite. A workable solution is
suggested by observing the projection of the GSO in celestial coordinates as viewed from the latitudes of a number
of major radio astronomy observations (see Recommendation ITU-R RA.517). If it were possible to point a radio
telescope to within 5° of the GSO without encountering detrimental interference, then for that telescope a band of
sky 10° wide would be unavailable for high-sensitivity observations. For a given observatory this would be a serious
loss. However, for a combination of radio telescopes located at northern and southern latitudes, operating at the
same frequencies, the entire sky would be accessible. A value of 5° should therefore be regarded as the requirement
for minimum angular spacing between the main beam of a radio astronomy antenna and the GSO.

In the model antenna response of Recommendation ITU-R SA.509, the side-lobe level at an angle of 5° from the
main beam is 15 dBi. Thus, to avoid interference detrimental to a radio telescope meeting the antenna side-lobe
performance of Recommendation ITU-R SA.509, pointed to within 5° of the transmitter, it is desirable that the
satellite emissions be reduced 15 dB below the pfd given in Tables 1 and 2. When satellites are spaced at intervals
of only a few degrees along the GSO, the emission levels associated with the individual transmitters must be even
lower to meet the requirement that the sum of the powers of all the interfering signals received should be 15 dB
below APy in Tables 1 and 2.
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It is recognized that the emission limitations discussed above cannot, in practice, be achieved so as to enable sharing
of the same frequency band between radio astronomy and down-link transmissions from satellites to take place. The
limitations are, however, applicable to unwanted emission from the satellite transmitters, which fall within the radio
astronomy bands listed in Tables 1 and 2. These emission limitations have implications for the space services
responsible for the interference, which require careful evaluation. Furthermore, the design of new radio astronomy
antennas should strive to minimize the level of side-lobe gain near the main beam as an important means of reducing
interference from transmitters in the GSO.

2.2 Interference from non-GSO satellites

In the case of non-GSO satellites, and in particular for low-Earth orbit satellites, the systems usually involve
constellations of many individual satellites. Thus determination of interference levels requires analysis of the
combined effect of many signals, most of which are received through far side lobes of the radio astronomy antenna.
A more detailed side-lobe model than that of Recommendation ITU-R SA.509 is therefore desirable, and it is
proposed that the model in Recommendation ITU-R S.1428 be used until such time as a more representative model
for radio astronomy antennas is obtained. In using this proposed model the case for antennas with diameter greater
than 100 [0 is generally appropriate for radio astronomy applications. It should be noted that Note 1 of
Recommendation ITU-R S.1428, which allows cross-polarized components to be ignored, cannot be applied since
radio astronomy antennas generally receive signals in two orthogonal polarizations simultaneously. The motion of
non-GSO satellites across the sky during a 2 000 s integration period requires that the interference level be averaged
over this period, that is, the response to each satellite must be integrated as the satellite moves through the side-lobe
pattern. One system of analysis that includes these requirements is the epfd method described in RR No. 22.5C.
Values of epfd represent the pfd of a signal entering the antenna through the centre of the main beam that would
produce an equivalent level of interference power. Since the threshold levels of detrimental interference in Tables 1
and 2 correspond to pfd received with an antenna gain of 0 dBi, it is necessary to compare them with values of (epfd
O Gmp), where Gy is the main beam gain, to determine whether the interference exceeds the detrimental level.
Making use of the epfd method, Recommendation ITU-R S.1586 has recently been developed for interference
calculations between radio astronomy telescopes and FSS non-GSO satellite systems. A similar Recommendation,
Recommendation ITU-R M.1583 was developed for interference calculations between radio astronomy telescopes
and MSS and radionavigation-satellite service non-GSO satellite systems. The applicability of the protection criteria
given in Tables 1 and 2 is described in Recommendation ITU-R RA.1513.

2.3 The response of interferometers and arrays to radio interference

Two effects reduce the response to interference. These are related to the frequency of the fringe oscillations that are
observed when the outputs of two antennas are combined, and to the fact that the components of the interfering
signal received by different and widely-spaced antennas will suffer different relative time delays before they are
recombined. The treatment of these effects is more complicated than that for single antennas in § 1. Broadly speaking,
if the strength of the received interfering signal remains constant, the effect is reduced by a factor roughly equal to
the
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mean time of one natural fringe oscillation divided by the data averaging time. This typically ranges from some
seconds for a compact array with the longest projected spacing L'~ 10° A, where X is the wavelength, to less than 1
ms for intercontinental arrays with L’ [1 107 A.. Thus, compared to a single radio telescope, the interferometer has a
degree of immunity to interference which, under reasonable assumptions increases with the array size expressed in
wavelengths.

The greatest immunity from interference occurs for interferometers and arrays in which the separation of the
antennas is sufficiently great that the chance of occurrence of correlated interference is very small (e.g. for very
long baseline interferometry (VLBI)). In this case, the above considerations do not apply. The tolerable interference
level is determined by the requirement that the power level of the interfering signal should be no more than 1% of
the receiver noise power to prevent serious errors in the measurement of the amplitude of the cosmic signals. The
interference levels for typical VLBI observations are given in Table 3, based on the values of 74 and 7z given in
Table 1.

It must be emphasized that the use of large interferometers and arrays is generally confined to studies of discrete,
high-brightness sources, with angular dimensions no more than a few tenths of a second of arc for VLBI. For more
general studies of radio sources, the results in Tables 1 and 2 apply and are thus appropriate for the general protection
of radio astronomy.
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TABLE 1

Threshold levels of interference detrimental to radio astronomy continuum observations

Ty 2
Minimum . . ?gi:::lﬂsjgzgggz;; Threshold interference levels® ®
Centre o bAss(;m.lsiih antenna noise Rtecelver ilmse
andwi
frequ;ncy Nf temperature emp;tl;a ure Temperature Pow;r Sl?f“ml Input power pfd Spectral pfd
T4 ensity
(MHz) (MHz) K (K) AT AP APy Su ANf Su
(X) (mK) (dB(W/HS) (dBW) (dB(W/m?)) (dB(W/(m? - Hz)))

@ ) 3 “ ® (6) (@) 3 &)
13.385 0.05 50000 60 5000 -222 —185 -201 —248
25.610 0.12 15000 60 972 -229 —188 -199 -249

73.8 1.6 750 60 14.3 247 —-195 -196 -258
151.525 2.95 150 60 2.73 -254 -199 -194 -259
3253 6.6 40 60 0.87 -259 -201 -189 -258
408.05 3.9 25 60 0.96 -259 -203 -189 -255

611 6.0 20 60 0.73 -260 -202 -185 -253
1413.5 27 12 10 0.095 -269 -205 —-180 -255
1665 10 12 10 0.16 -267 -207 —181 =251
2695 10 12 10 0.16 -267 -207 -177 247
4995 10 12 10 0.16 -267 -207 -171 -241
10650 100 12 10 0.049 272 -202 -160 -240
15375 50 15 15 0.095 -269 -202 -156 -233
22355 290 35 30 0.085 -269 -195 -146 -231
23800 400 15 30 0.050 271 -195 -147 -233
31550 500 18 65 0.083 -269 -192 -141 -228
43000 1000 25 65 0.064 271 -191 -137 227
89000 8000 12 30 0.011 278 -189 -129 -228
150000 8000 14 30 0.011 -278 -189 -124 -223
224000 8000 20 43 0.016 =277 —188 -119 -218
270000 8000 25 50 0.019 =276 -187 -117 -216

(M Calculation of interference levels is based on the centre frequency shown in this column although not all regions have the same allocations.

@ An integration time of 2 000 s has been assumed; if integration times of 15 min, 1 h, 2 h, 5 h or 10 h are used, the relevant values in the Table should be adjusted by +1.7, —1.3, -2.8, —4.8 or —6.3 dB
respectively.

®  The interference levels given are those which apply for measurements of the total power received by a single antenna. Less stringent levels may be appropriate for other types of measurements, as
discussed in § 2.2. For transmitters in the GSO, it is desirable that the levels be adjusted by —15 dB, as explained in § 2.1.
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TABLE 2°

Threshold levels of interference detrimental to radio astronomy spectral-line observations

T
Assumed spectral Minimum . . ?1}1](5):::1 ﬂslf;ltsli:t‘ili)tz;)) Threshold interference levels® @
Frequency line channel antenna noise thf:lelver ilmse
f bandwidth temperature p;l:‘ ure Temperature Power spectral Input power pfd Spectral pfd
(MHz) Af T4 (K) AT dzl;ty APy Su/\f Su
(kHz) (X) (mK) (@BW /ilz)) (dBW) (dB(W/m?)) (dB(W/(m? - Hz)))

@ ) 3 “ 3 (6) ™ 3 &)

327 10 40 60 22.3 —245 215 204 -244
1420 20 12 10 3.48 -253 -220 -196 -239
1612 20 12 10 3.48 -253 -220 -194 -238
1665 20 12 10 3.48 -253 -220 -194 -237
4830 50 12 10 2.20 -255 218 —183 -230
14488 150 15 15 1.73 -256 214 -169 -221
22200 250 35 30 2.91 -254 -210 -162 216
23700 250 35 30 2.91 -254 -210 —-161 -215
43000 500 25 65 2.84 -254 -207 —153 -210
48000 500 30 65 3.00 -254 -207 -152 -209
88600 1000 12 30 0.94 -259 -209 —148 -208
150000 1000 14 30 0.98 -259 -209 —144 204

220000 1000 20 43 1.41 -257 -207 -139 -199
265000 1000 25 50 1.68 -256 -206 -137 -197

*

This Table is not intended to give a complete list of spectral-line bands, but only representative examples throughout the spectrum.

(M An integration time of 2 000 s has been assumed; if integration times of 15 min, 1 h, 2 h, 5 h or 10 h are used, the relevant values in the Table should be adjusted by 01.7, —1.3, -2.8, —4.8 or —6.3 dB
respectively.

@ The interference levels given are those which apply for measurements of the total power received by a single antenna. Less stringent levels may be appropriate for other types of measurements, as

discussed in § 2.2. For transmitters in the GSO, it is desirable that the levels need to be adjusted by —15 dB, as explained in § 2.1.
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COLUMN DESCRIPTIONS FOR TABLES 1 AND 2

Column

(M

)

3)

4

6))

(6)

(7)

®)

€))

Centre frequency of the allocated radio astronomy band (Table 1) or nominal spectral

line frequency (Table 2).

Assumed or allocated bandwidth (Table 1) or assumed typical channel widths used for

spectral line observations (Table 2).

Minimum antenna noise temperature includes contributions from the ionosphere, the

Earth’s atmosphere and radiation from the Earth.

Receiver noise temperature representative of a good radiometer system intended for

use in high sensitivity radio astronomy observations.

Total system sensitivity (mK) as calculated from equation (1) using the combined
antenna and receiver noise temperatures, the listed bandwidth and an integration time
0f2000 s.

Same as (5) above, but expressed in noise power spectral density using the equation
AP [ k AT, where k [1 1.38 [1 103 (J/K) (Boltzmann’s constant). The actual numbers

in the Table are the logarithmic expression of AP.

Power level at the input of the receiver considered harmful to high sensitivity
observations, APy. This is expressed as the interference level which introduces an error
of not more than 10% in the measurement of AP; APy [1 0.1 AP Af: the numbers in the

Table are the logarithmic expression of APx.

pfd in a spectral line channel needed to produce a power level of APy in the receiving
system with an isotropic receiving antenna. The numbers in the Table are the

logarithmic expression of Sy Af.

Spectral pfd needed to produce a power level APy in the receiving system with an
isotropic receiving antenna. The numbers in the Table are the logarithmic expression
of Su. To obtain the corresponding power levels in a reference bandwidth of 4 kHz or
1 MHz add 36 dB or 60 dB, respectively.
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TABLE 3

Threshold interference levels for VLBI observations

Centre frequency Threshold level

(MHz) (dB(W/m’ - Hz)))
3253 217
611 212
1413.5 211
2695 —205
4995 —200
10650 -193
15375 —-189
23800 -183
43000 -175
86000 -172
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ZEEEE 3 1 ITU-R, “Levels of data loss to radio astronomy observations and percentage-of-time criteria
resulting from degradation by interference for frequency bands allocated to the radio astronomy service on

a primary basis,” Rec. ITU-R RA.1513-2, 2015.

RECOMMENDATION ITU-R RA.1513-2%

Levels of data loss to radio astronomy observations and percentage-of-time
criteria resulting from degradation by interference for frequency bands
allocated to the radio astronomy service on a primary basis

(2001-2003-2015)

Scope

This Recommendation addresses the levels of data loss to radio astronomy observations and percentage-
of-time criteria resulting from degradation by interference for frequency bands allocated to the radio
astronomy service on a primary basis. It includes studies of sharing situations for terrestrial and space-
based applications, as well as an extensive section on measurement of data loss from weak, pulsed

interference.

The ITU Radiocommunication Assembly,

considering
a) that research in radio astronomy depends critically upon the ability to make observations at the
extreme limits of sensitivity and/or precision, and that the growing use of the radio spectrum increases the
possibility of interference detrimental to the radio astronomy service (RAS);
b) that for some radio astronomy observations, such as those involving the passage of a comet, an
occultation by the moon, or a supernova explosion, a high probability of success is desirable because of the
difficulty or impossibility of repeating them;
c) that since interference to radio astronomy can result from unwanted emissions of services in
adjacent, nearby, or harmonically related bands, interference from several services or systems may occur in
any single radio astronomy band,
d) that burden sharing may be necessary to facilitate the efficient use of the radio spectrum;
e that mitigation techniques are a part of burden sharing, and more advanced techniques are being
developed for future implementation, to allow more efficient use of the radio spectrum;
¥ that threshold levels of interference (assuming 0 dBi antenna gain) detrimental to the RAS for
2000 s integration times are given in Recommendation ITU-R RA.769, but that no acceptable percentage of

Radiocommunication Study Group 7 made editorial amendments to this Recommendation in the year
2017 in accordance with Resolution ITU-R 1.
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time has been established for interference from services with transmissions randomly distributed in time and
either sharing a frequency band with the RAS, or producing unwanted emissions that fall within a radio
astronomy band;

g that administrations may require criteria for evaluation of interference between the RAS and other
services in shared, adjacent, nearby, or harmonically related bands;

h) that methods (e.g. the Monte Carlo method) have been developed to determine the appropriate
separation distance between radio astronomy sites and an aggregate of mobile earth stations, and that these
methods require the specification of an acceptable percentage of time during which the aggregate interference
power exceeds the threshold levels detrimental to the RAS;

i) that studies of sharing scenarios and experience gained from long practice have led to values of
tolerable time loss due to degradation of sensitivity, on time scales of a single observation, which are

explained in more detail in Annex 1,

recommends

1 that, for evaluation of interference, a criterion of 5% be used for the aggregate data loss to the RAS

due to interference from all networks, in any frequency band allocated to the RAS on a primary basis, noting

that further studies of the apportionment between different networks are required,

2 that, for evaluation of interference, a criterion of 2% be used for data loss to the RAS due to

interference from any one network, in any frequency band, which is allocated to the RAS on a primary basis;

3 that the percentage of data loss, in frequency bands allocated to the RAS on a primary basis be

determined by using one of the following: (1) Recommendation ITU-R S.1586; (2) Recommendation ITU-

R M.1583, or (3) the percentage of integration periods of 2000 s in which the average spectral pfd at the

radio telescope exceeds the levels defined (assuming 0 dBi antenna gain) in Recommendation ITU-R RA.769,

whichever is appropriate;

4 that the criteria described in § 3.3.2 of Annex 1 be used for evaluation of interference, in any
frequency band allocated to the RAS on a primary basis, from unwanted emissions produced by any non-

GSO satellite system at radio astronomy sites.

1 Introduction

An important parameter for all radiocommunication services is the percentage of time lost to interference.
Administrations may need quantitative criteria relative to radio astronomy operations with active services
operating in the same, adjacent, nearby, or harmonically related bands. For example, Recommendation ITU-
R M.1316 uses this percentage of time lost to interference in the calculation of the separation distance by
default between stations operating in the MSS (Earth-to-space) and a radio astronomy observatory, by using
the Monte Carlo methodology.

Existing limits to the aggregate time losses tolerated by various other «science» services are given in Table 1,

for comparison.
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TABLE 1

Example of criteria for aggregate percentage of time of

data loss use for other science services

Earth exploration-satellite service (EESS) (passive sensors) (%)

(Recommendation ITU-R SA.1029-2):

— 3-D atmospheric sounding 0.01

— All other sensors 1.0-5.0
Command and data transmission systems operating in the earth exploration-satellite 0.1-1.0
and meteorological-satellite services (%) (Recommendation ITU-R SA.514-3)

EES and MetSat services 0.0025-0.1
using spacecraft in geostationary orbit (%) (Recommendation ITU-R SA.1161-1)

Space operations systems S/N [ 20 dB for [ 99% of time (%) 1.0
(Recommendation ITU-R SA.363-5)

Radio telescopes are designed to operate continuously, following a schedule of observing programs requested
by astronomers. As a rule, access to radio telescopes is on a competitive basis, with research proposals often
exceeding available telescope time by a factor of 2-3. Virtually all radio astronomy installations are operated
out of public funds, and must be used very efficiently. Some loss of observing time resulting from
maintenance or upgrading of hardware or software, however, cannot be avoided. Experience over many years
of operation with major instruments by one administration shows that such losses need not exceed 5% of
time, for example one 8 h day per week. Considerations of overall efficiency and cost of operation indicate
that the additional aggregate time loss due to interference should be limited to a similar 5% figure.

In order to achieve the figures shown in Table 1, individual services should design their systems and control
their operations to an appropriate fraction of these figures. Prudence dictates that individual systems be
allowed only a fraction of the interference budget, depending on factors related to the actual allocation
situation, such as band sharing and the interference potential due to unwanted emissions from other services.
It should be noted that the concept of aggregate data loss is not fully developed at present. Simulation tools,
such as the one described in Recommendation ITU-R M.1316, allow the case of interference resulting from
a single system to be considered. Other methodologies for single systems are also being developed. At this
time there is no similar tool for the case of aggregate data loss resulting from several systems. A method that
takes into account the characteristics of several systems may be difficult to develop. A particular difficulty is
the apportionment of the aggregate data loss among the various systems. Further studies of these problems
are needed.

The advent of radio services using space stations and high-altitude platform stations requires reassessment
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of the measures by which the RAS is protected from interference. Frequency sharing with such services is
normally impossible, but potentially negative effects upon the RAS by services in nearby bands arise through

two factors:
a) unwanted emissions falling in bands allocated to the RAS;

b) intermodulation and departures from linearity in radio telescope systems due to strong
signals in adjacent bands.
It is assumed that the satellite operators will use all practical means to minimize unwanted emissions, and
radio astronomers all practical methods to minimize sensitivity to signals in adjacent or nearby bands.
Nevertheless, item b) should be an important consideration when operating systems in bands adjacent or
close to bands allocated to the RAS.
2 Data loss and sky blockage
Whenever data loss is mentioned in this Recommendation, it refers to data that have to be discarded because
they are contaminated by the aggregate interference, from one or more sources that exceeds the levels of
Recommendation ITU-R RA.769, under the assumptions stated therein. The term blockage is used here to
indicate antenna directions in which the level of interference received exceed those given for detrimental
interference in Recommendation ITU-R RA.769. In the presence of such interference, data useful for research
at the frontiers of knowledge is generally not obtainable. Data loss may result from loss of part of the
observing band, part of the observing time or from blockage of part of the sky. All of these can be expressed
as loss of effective observing time.
It is stated in Recommendation ITU-R RA.1031 that many radio astronomy measurements can tolerate
interference from a shared service which exceeds the thresholds given in Recommendation ITU-R RA.769,
for 2% of time. It should be noted that such observations, which can tolerate enhanced measurement errors,
represent observations such as solar radio flare patrols. Observations of significance in radio astronomy are
those which result in new knowledge of astronomical phenomena, which either require making observations
of objects not previously studied, or observing known objects with increased precision. Both such cases call
for observations at the highest achievable sensitivity. As radio astronomy has matured, the usefulness of data
which is limited in accuracy by the presence of interference has declined, and it is the usual practice of
astronomers to delete data for which there is any evidence of interference. Thus it is a matter of practical
reality that interference occurring at any identifiable level results in loss of the contaminated data.
The 0 dBi contour of the pattern for large antennas between 2 GHz and about 30 GHz defined in
Recommendation ITU-R SA.509 has a radius of 19°. When a radio telescope points less than 19° from a
transmitter, emitting in a radio astronomy band at the detrimental level defined in Recommendation ITU-R
RA.769, interference results. This effectively blocks radio astronomy observation within a region of the sky
19° in angular radius. Fractional sky blockage is the ratio of sky blockage (above the horizon), as defined
above, to the solid angle of the visible hemisphere.
Figure 1 shows the effect of a hypothetical transmitter on the horizon at the origin of the azimuth scale, which
just meets the spectral pfd level of Recommendation ITU-R RA.769 at a radio astronomy station. The
contours in the figure show the decibel level by which the received power from the transmitter exceeds the
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level at which it is detrimental to radio astronomy, as a function of the pointing angle of the radio astronomy
antenna. The received transmission causes detrimental interference when it is received in sidelobes of the
radio astronomy antenna with gain greater than 0 dBi. Table 2 shows the percentage of sky receiving such
detrimental interference, for pointing angles of the antenna at elevations above 5°. Since radio astronomy
antennas are rarely pointed below 5°, this is the lowest elevation considered. For a source of interference
above an elevation angle of 19° (such as an airborne or space transmitter) for which the spectral pfd at a radio
astronomy station just meets the level in Recommendation ITU-R RA.769, a circular area of sky, with a
radius of 19° centred on the source of interference, is blocked from radio astronomy observation at useful
levels of sensitivity. This area subtends a solid angle of 0.344 sr, which is 5.5% of the 2 sr of sky above the
horizon.

The application of the concept of sky blockage in a non-stationary environment (e.g. non-GSO satellite
systems or mobiles) requires further study.

3 Sharing situations

In assessing interference it is useful to distinguish between transmissions of terrestrial origin, particularly in
cases where there is no line-of-sight (LoS) path, and those coming from aircraft, high-altitude platforms and
space-based transmitters in LoS of the affected radio telescope. Concerning the percentage of observing time
lost, one should distinguish between interference from distant transmitters due to variable propagation
conditions (i.e. beyond human control) and interference from active applications where the emission is

effectively random with respect to the power level and the angle of arrival at a radio telescope (see § 3.1).

FIGURE 1

The effect of a source of interference at the detrimental level for the RAS, on the horizon at

zero azimuth

Elevation (degrees)

-20 -16 -12 -8 —4 0 4 8 12 16 20
Horizon Azimuth (degrees) Horizon
RA.1513-01
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The curves show the decibel level by which the interference received by the radio astronomy receiver exceeds the
detrimental level for different pointing angles of the radio astronomy antenna. Note that radio astronomy observations

are generally made with pointing angles above 5° elevation.

TABLE 2

Percentage of sky in which sensitive observations are precluded by interference
received above the detrimental level, as a function of pointing elevation of the

radio telescope, for the interfering source in Fig. 1

Minimum elevation Blockage
(degrees) (%)
5 2.0
10 1.3
15 0.6
20 0
3.1 Interference due to variable propagation conditions

3.1.1 Terrestrial applications
In cases where the strength of an interfering signal varies as a result of time-varying propagation conditions,
a percentage of time must be specified for propagation calculations. A number of 2% is given in
Recommendation ITU-R RA.1031. However, this does not automatically lead to a 2% data loss for radio
astronomy observations. Propagation conditions vary episodically, typically over periods of a few days. It
should therefore be noted that over periods of weeks at a time, the period for which data are contaminated by
interference may be only a few days. These effects occur primarily at longer wavelengths, i.e. below about 1
GHz. Periods of data loss can be reduced by dynamic rescheduling of radio astronomy observations.

3.1.2 Space-based applications
Time variable tropospheric propagation conditions need not be considered under LoS conditions.

3.2 In-band sharing, where the transmission is variable in time and location

3.2.1 Terrestrial applications
To maximize the efficiency with which radio telescopes are used, loss of observing time due to interference
by other users of the spectrum should be avoided. However, some small loss may be inevitable. An example
is unwanted emissions from mobile (earth) stations in the MSS. An acceptable practical level of data loss
from such a system is 2%. Recommendation ITU-R M.1316 provides an example of coordination between
the RAS and the MSS (Earth-to-space). In this Recommendation, the percentage of observing time loss is
used in the calculation of the separation distance by default between mobile earth stations in the MSS

(Earth-to-space) and the radio astronomy station, using the Monte Carlo methodology.
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3.2.2 Space-based applications
Sharing with satellite downlinks is not possible in bands where the RAS has a primary allocation.

3.2.3 Space-based radio astronomy applications
Space-based radio astronomy requires individual analysis appropriate to the application.

33 Unwanted emissions into a radio astronomy frequency band, where the transmission is

variable in time and/or direction of arrival

3.3.1 Terrestrial applications
Time-sharing between terrestrial applications and radio astronomy is not usually considered operationally
feasible. Filtering of transmitters and geographical separation are employed to suppress unwanted emission
levels into the radio astronomical band to below the Recommendation ITU-R RA.769 threshold values at the
location of a radio telescope. There is a potential for interference when the radio astronomy beam is pointed
closer than 19° to a terrestrial source (see Fig. 1). The levels in Recommendation ITU-R RA.769 are based
on the assumption that the interference source is at the isotropic contour. As shown in Fig. 1, a terrestrial
source on the horizon (elevation=0°) can cause detrimental interference in up to 2% of the visible
hemisphere for a telescope that can point within 5° of the horizon. However, as a rule, radio telescopes are
pointed within 5° of the horizon for only a portion of their total observing time. Some sources of interference
are known and can be avoided. In practice, a level of up to 2% data loss could be tolerated from one interfering
system. It should be noted that as a radio telescope is pointed at very low elevation angles the system noise
increases which reduces the sensitivity. This is not taken into account in Recommendation ITU-R RA.769,
since the usual elevation limit of 5°-10° results in very little time being spent in the region of degraded
sensitivity.
The methodology described in Recommendation ITU-R M.1316 may also be used to evaluate the effect of
terrestrial unwanted emissions into a radio astronomy band.

3.3.2 Space-based applications
Protection of radio astronomy in the presence of GSO satellites is covered by Recommendation ITU-R
RA.769.
To address the compatibility between non-GSO constellations and RAS sites two Recommendations were
developed by the ITU-R:
Recommendation ITU-R S.1586 — Calculation of unwanted emission levels produced by a non-geostationary
fixed-satellite service system at radio astronomy sites.
Recommendation ITU-R M.1583 — Interference calculations between non-geostationary mobile-satellite
service or radionavigation-satellite service systems and radio astronomy telescope sites.
These Recommendations provide a methodology to evaluate the levels of unwanted emissions produced by
non-GSO constellations and some other systems at radio astronomy sites prior to their bringing into use. In
particular, these Recommendations provide methods to determine compatibility between radio astronomy
sites and satellite systems, during the construction phase and prior to the launch of the latter, in response to
resolves 1 and 2 of Resolution 739 (Rev.WRC-07).

The first step of this approach is to divide the sky into cells. First, a random choice is made for a pointing
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direction of the RAS antenna, which will lie within a specific cell on the sky. Then, the starting time of the
constellation is randomly chosen. The average epfd corresponding to this trial is then calculated for the
chosen pointing direction and starting time of the constellation using the following equation to determine

epfd corresponding to each time sample:

N, £
4~ G0,
epfdg — oqpi = 10 logjo| 1010 - 0:) G,(9;) (1)
i=1 4del~

where:

Ny: number of non-GSO space stations that are visible from the radio

telescope;
i: index of the non-GSO space station considered;

Pi: RF power of the unwanted emission at the input of the antenna (or RF
radiated power in the case of an active antenna) of the transmitting space
station considered in the non-GSO satellite system (dBW) in the reference
bandwidth;

0;: off-axis angle between the boresight of the transmitting space station
considered in the non-GSO satellite system and the direction of the radio

telescope;

G(0;): transmit antenna gain (as a ratio) of the space station considered in the
non-GSO satellite system in the direction of the radio telescope;

di:  distance (m) between the transmitting station considered in the non-GSO

satellite system and the radio telescope;

¢;: off-axis angle between the pointing direction of the radio telescope and the
direction of the transmitting space station considered in the non-GSO

satellite system;

G/(d:): receive antenna gain (as a ratio) of the radio telescope, in the direction of

the transmitting space station considered in the non-GSO satellite system.

For each of these cells, a statistical distribution of the epfd is determined. Then, these epfd distributions may
be compared with pfd levels given in Recommendation ITU-R RA.769 (defined assuming a 0 dBi receiving
antenna gain in the direction of interference and given a 2 000 s integration time) so that the percentage of

trials during which this criterion is met may be determined for each of the cells which were defined.
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FIGURE 2

Comparison between the pfd levels given in Recommendation ITU-R RA.769

and the epfd distribution given for a cell
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From the pfd threshold levels of interference detrimental to radio astronomy given in Recommendation ITU-
R RA.769, epfd threshold levels can be derived taking into account the maximum radio astronomy antenna

gain, Gmay, assumed in the calculations, through the following equation:

epfdthreshold =pdeA4769 — Gax

Over the sky, for elevations higher than the minimum operating elevation angle of the radio telescope, the
epfd threshold level defined above should not be exceeded for more than 2% of the time.
This methodology was initially developed to cover the case of non-GSO satellite systems, however it may
also be used for some airborne systems, e.g. in the aeronautical MSS.

34 Measurement of data loss from weak, pulsed interference
This section specifies the measurement of excess data loss from pulsed interference meeting the 2 000 s
average detrimental spectral-line threshold level specified by Recommendation ITU-R RA.769. This is the
weak interference case. There is a significant difference in the interference behaviour of pulsed and
continuous signals. Continuous, time-invariant interference that falls at or below the detrimental level
thresholds described in Recommendation ITU-R RA.769 for 2 000 second integrations will not harm shorter
observations, as the interference to noise ratio is largest in long integrations. This is not always the case for
time variable signals. We define here those situations in which pulsed signals satisfy the threshold level
provided by a 2 000 s integration, while still causing some excess data loss for shorter observations.
For periodic interference, the excess data loss measurement depends on two time scales, the interfering pulse
period, #,, and the observing interval over which astronomical data are averaged, #,55, making an individual

measurement. Technical and scientific reasons determine #,»5, which is typically a few seconds in duration.
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In the case where 2, is greater than 0.8 s, excess data loss > 2% is possible, but only if the interfering pulse
period is longer than 40 s, as is shown by the calculations below.

The data loss measurements are summarized in Fig. 3.

FIGURE 3

Excess data loss L% from pulsed interference
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Excess Data Loss depends only on the combination of pulse period and observation length, as shown in Fig. 3.
An observation is considered to be lost when it contains a signal stronger than 1/10™ of the system noise,
averaged over the observation length. We find that the maximum excess data loss is less than the duration of
one pulse period per 2 000 s. Therefore, radar and other short period pulsed signals do not create significant
excess data loss.

3.4.1 Method
Consider the case of periodic pulses that average over time to the detrimental threshold levels for data loss
over 2 000 s given in Recommendation ITU-R RA.769. It is apparent that, unlike the case of interference that
is constant in time, observations that by their very nature are shorter than 2 000 s (e.g. pulsars, that are
periodic emitters on time scales much shorter than 2 000 s) will suffer data loss in some cases, because the
interfering pulse energy may be concentrated in one or a few of these shorter observations.
For example, a single interfering pulse every 2 000 s will fall in one out of every two observations in a series
lasting 1 000 s each. The interference-to-noise ratio is no longer 1/10, as required in Recommendation ITU-
R RA.769, but V2 /10 in one observation and 0 in the other. This is an excess data loss of 50%. (The factor
is V2 asthe average interference is twice as strong in the affected observation, but the shorter observation’s
rms noise is only /2 higher.) This example gives the worst possible case of excess data loss, as will be shown
below.
Excess Data Loss is derived as follows:
Let:
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tobs  be the observation length, in seconds,
t, be the pulse period, in seconds,
Nobs  be the number of observations per 2 000 s, =2 000/Zops,
N, be the number of pulses per 2 000 s, =2 000/¢,,
P be the average pulse power during the observation time interval #,ss,
Py, be the undisturbed system noise power averaged over 2 000 s,
L be the excess data loss, in seconds and,

L% be the percentage excess data loss.
The energy supplied by the pulse stream should be < 1/10 of the undisturbed system energy (see
Recommendation ITU-R RA.769), so:

Np Ptops < (2000 Psys)/lo (2)

Now parameterize P as:

P = (a Pyys/10) N(2000/2555) (3)
so that the pulse average power is a factor above the detrimental threshold for RFI for the time interval 7.

From equations (2) and (3), one then derives an upper bound for the number of regular pulses in 2 000 s :

Ny max = (1/a) N(2000/tops) 4)

and the corresponding shortest allowed pulse period:

tpmin= aN(20007,55) (5)
This shows that the interfering pulse period must be more than the geometric mean of the observation length
and 2 000 s for it to cause excess data loss in shorter observations, while at the same time meeting the a = 1
detrimental limit at 2 000 s set by Recommendation ITU-R RA.769. Thus, for example, there are exactly 100
observations with #,5s = 20 s within a 2 000 s interval, whereon (5) guarantees f,min = 200 s. AS fymin 1S the
longest period that satisfies the a = 1 requirement, fewer than 10 pulses can result in data loss, from at most
9 of the 100 twenty second observations.
The data loss is then:

L = N, tops 1n seconds, (6)
and the percentage data loss is:
L% =100 L/2000 (7)
From equations (5) and (6), one derives:
L(upper limit) = t, min in seconds, and (8)
L%(upper limit) = 100 (£,min/2000) 9)

It is clear from this short-period pulsed signals (#, < 40 s) cannot cause significant excess data loss above the
2% limit.
The relationship between #ops, £, and L% is shown in Fig. 3, above, for excess data loss of 0, 0.02, 0.2, 2 and
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20%.

34.2 Effect of regular pulses
Periodic pulses of interference of constant strength represent the worst case in terms of excess data loss.
Pulses that are irregularly spaced in time or varying in strength cause at most the same level of data loss,
again on the a = 1 requirement that their average does not exceed the detrimental threshold level after 2 000 s.
In some cases, more than one interfering pulse could occur during a single observation, which does not,
however, increase the total number of lost observations, since just one pulse suffices for that.
Likewise, interfering pulses that vary in strength may decrease the number of lost observations. This occurs
when pulses falls far enough below the average as not to exceed the detrimental level. Hence neither case
can cause more loss than periodic, constant-strength pulses.

3.4.3 Long period pulses
The only interfering pulse periods that cause significant excess data loss are those with very long, tens to
hundreds of second, periods. Such pulse strings are rare in commercial practice, though ‘push-to-talk’
applications may have irregularly spaced transmissions near these rates.
The reason for the limitation to long pulse periods is shown by the following example. From equation (5), to
cause excess data loss the pulse period must be greater than the geometric mean of the observation length
and 2 000 s. For example, there are one hundred 20-second integrations in 2 000 s. Hence a single pulse
averaged over 20 s can be 100 times the 2 000-second detrimental threshold level and still average down to
that level, and cause 1% excess data loss. This excess power can be reduced by a factor vV100=10 and
distributed over at most 10 pulses before going below the 20-second detrimental level. That gives a minimum
pulse period of 200 s.

3.44  Mitigation methods
Interference that is easily visible in an isotropic antenna at any integration interval of one second or longer
already shows that the average power over 2 000 s will exceed the detrimental threshold level, as shown
below.
For signals at or below the detrimental threshold (a < 1), the maximum pulse strength giving 2% data loss is
a single pulse every 2 000 s that is 1.5 dB below the average noise in 40 s. That will damage one 40-second
integration out of every 50, for 2% loss. The average noise in 40 s is V50 (8.5 dB) above the noise in 2 000 s,
while the pulse can be 50 times (17 dB) above that level. The difference is 8.5 dB. This is still V2 fainter
than the noise average in 40s, so it will not be detectable in normal observations. Only very short
(millisecond) observations can achieve a significant pulse detection, five sigma or more above the noise.
In all cases, detection of pulsed interference will require an antenna gain in the direction of the interference
that is well above isotropic or, in the case of very brief pulses, high time resolution. Asa corollary,
interference that is visible in an isotropic antenna with a few seconds integration is guaranteed to exceed the
detrimental limit when averaged over 2 000 s, even if no further interference occurs.
The discussion in this section assumes that no attempt has been made to synchronize the data acquisition rate
with the pulse period. However, regular pulsed signals offer an exceptionally powerful mitigation method if

this option is exercised. It is well known from pulsar detection work that an interference to noise enhancement
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proportional to the square root of the ratio of the pulse width to pulse period, typically 10 to 20 dB for radar,
can be achieved.
3.4.5 Equivalence of rapid pulses and continuous emission
Rapid pulses, such as radar, can be treated as continuous interference corresponding in strength to the average
pulse strength. In particular, pulsed interference that does exceed the Recommendation ITU-R RA.769 limit
for a 2 000-second integration can be below the detrimental limit computed for a shorter integration. For
example, consider a pulsed signal with a 20-second period that is 15 dB below the noise in each 20-second
integration. The noise after 2 000 s will be 10 times weaker. Hence this signal, which is innocuous in each
20-second integration, will be 5 dB above the detrimental level after 2 000 s.
In other words, the pulsed signal is behaving in just the same way as a continuous signal. It is only pulse
periods longer than the geometric mean of the integration time and 2 000 s that can cause excess data loss in
the short integrations, while the pulsed interference does not exceed the Recommendation ITU-R RA.769
detrimental interference threshold for a 2 000-second integration. This may be a rare occurrence in practice.
3.4.6 Summary
These calculations show, on the assumption that the pulsed interference does not exceed the Recommendation

ITU-R RA.769 detrimental interference threshold for a 2 000-second observation, the following:

1) Radar and other pulsed radiation, with periods less than 40 s, that average down to the
detrimental level at 2 000 s set by Recommendation ITU-R RA.769 will not cause
excess data loss > 2%.

2) For measurements with 40-second observing length, the worst-case pulse strength for
> 2% excess data loss is 1.5 dB below the system noise, and then only for extremely
infrequent pulses (1 in 2 000 s) in the absence of any mitigation effort that synchronizes

data taking in anti-correlation to regular pulses.

3) Aperiodic and/or variable strength interference will cause data loss at or below periodic
pulses of constant strength.

4 Conclusions

A practical criterion for the aggregate data loss resulting from interference to the RAS is considered to be 5%
of time from all sources. The existence of multiple overlapping sources of interference is a practical aspect
that should be accounted for. Further study of the apportionment of the aggregate interference between
different networks is required.

The data loss from any one system should be significantly less than 5%. To comply with this requirement,

2% per system is a practical limit.
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