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Ranging method FMCW
Frequency modulation method Linear triangle
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Antenna gain 44 dBi
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Maximum number of radars
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@Annex1 : ik H EFSZE 8T OEGENE
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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
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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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BB ZEEiRE 1.5mitb 2 DRIEEEH NS
(itu-r p.525-3p.2 |9B 160.7263 160.7258 173.03 174.09| g 3 (= 38 /> > B 1.5m
eq.4) HELEIC,
AKRFHRICLBHE
S
(RIEER) %(itu-r p.676-12  |dB/km 10.87 10.87 44.80 50.64| - 0.4dB/km @ 96GHz
p.23 fig.10)
Bk =ES
itu- . |+ R o — L — T
(itu-r p.526-14 p.18 dB 0.00 0.00 0.00 61.161 EL#ERiR— LAR—JICL
eq.31 or p.452-16 %
p.10 eq.13)
7 TIRE dBi 0.00 0.00 0.00 0.00
(itu-r ra.769)
P — dBm
RAS HESEEN -151.81 -283.51 -198.05 -258.33
/MHz
(interference RX) dBW -189.00) -189.00) -189.00 -189.00)
FETHREBN [dBm -159.00 -159.00) -159.00 -159.00|H KX ALY CBR
(itu-rra.769-2& ¥) 4B
m -198.03 -198.03 -198.03 -198.03
/MHz
- dB -46.22 85.48 0.02 60.30

37




ERHETOD
FrEEEE Lo A e

TreTd
-20Bm / 444Bi

X S

£ aiEsn !
= (TR o) TEFDL - B
i CI R
YERA A T : ERE i
gam Qe T @) !
| o

RS

« 11k )
)

45 RXEHRRBITH LTEE FD L—4—EATHREE 35S

4512, RXEHBBITH LT, 2% FOD L—4—HDEETRZEIHZEDA A—JR%E
TY. COGE. TEI—UUEHRRLARARRE T 2023, &/BEIRIEE 112kmzfER
LT, =& FOD L—4—%EKETH_ENMETHD (R bDFE6 5

HARFCBVTRH L—F—ZRETHIERERLEVERICHIERRIEHOERA
BOFEREANTET—R LGS, BRRXE EZEDOMEFRM o ZE LHAB DB REE
BERO-BR, BEEEELEILIRIXEAREANRBD 27.167Tkm ARIETHAHZ DM -
f=o & SOFE 4 JIKY., BEEEELAXEAFREICEVWT, FHIRENICHT S FiE~<—
DUN-46.22B LIGYI—DURBTHA ENSD 0Tz, TITH 46 ICRITHERMLT
UTTAN—FBEARANDREEN-89. TdBn LITZFERAL. EEARICERRXXEHINES
FICL—F—DBREZEEL-HEOTFHENEBERE L. BAFRARICO—IL ME
BEEZEHELGEDOL—F—DESN A A —C &R 41I2RT, RMEHNEREE
SARMDFLZETRL, KEABERDENEETHS, TOMHR (RS EEL I Fib~v—T v
MNEDKERE ($986dB) &7 Y. £AMRETH LS AT 2T,
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l/_g\_zﬁ{zk -65.5dBm

-69.7dBm
-84.5dBm
-5 /
oy | /-62.4dBm
gi-2dBm ?/
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(#4h8) . T //-70.1dBm
NSO LT SEEEER. ki
L—49 -0 HEAIEH20dBm -89.7dBmELT
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AlCalidizm, FiFstElclE -89.7dBmELF
-2dBmAEYOH D EZES.
-70.3dBm
46 L—5—REEOREEIER
L—4—-DERED
A X—> (FRER(3ERET /5 M)
L—4—ZA4K
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FIEERE

7 -89.7dBn / 0dBi
. ZEARFOD
Lo A
| B aiEsE
| ()
SHHFOD] - A~ SRE
: : WL T
£ C}H——+—————+C)§%
:LL:-E%FDD]./ A
e
FHELYT
(ZEEEhpS)

48 RXAFABITILTEE FID L—Y—AEEAEICAET Hi5E

FHREHERZE LD, BRRXE EZEROIEREA 112km LLESHHIHEIF, FEROREN
HHRAAETHD, — A BRRXEND 112km LRIZZE FOD L—F—%5RET H158.
BROEHNZHET 2VELDH D, TDHEEDA A —UEH 48I2RY ., RXAHABICHL
TZEE FOD L—4—2FHERETICHESEDSILICLY, BERRXBABIIH T HESHE
NEEBMSEDZENFRERTHSD (R SDFES FI

SEELT, RRERZEE (PEZEE) EEIXRXAFDUFHEREAFREO T SRR
ZRODET FITRLT-, EEEBAFREORIMERZEE T T, RIEEERKIE
4 THAHN, FFROYSEEMLZEE LUEERY 6 THOERAMTORENEZSIZENTH, ¥—
DUEHERTETWLS I LMD,

WoT, BEEICL—F—ZRELEHEICE, ERRXXEHERET HSBHTUTD
HAZBZEEHTE .

ZEELBAROD
HtfREERE (%)

112km LLE 112km K

A UE—LIIBBABIZE
+9. 7T gt AROET
[Co—IL FETERZE
ERD

(%) AR & ZEBOMAIC L YETERNEMEEICR S, HEHRICOVLWTIEMEER
23 RO &,

TUTTDERAE | KFE3I60° (SRS RETRE
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DOIZEREEEBICETHL—F—DFREHETRT,
EREEELELRXEARBABOMEEARARBARADIO. BABAMIZAS VE
—LHAANT . V= FETEREERT HALIICL—F—ZRET S &Ik, EE
FOD L—5—LRTLEEET 5 EMNFREE 0D,

O AmamBzLm e by oY
N 3 o
g —_ @ L \
Q@ @ wxmmaEm o o
o : 2
X L-o:
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B R SVER
AR 25 ]

L5 DB
BE—T (FRIEE5E)

REZE
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2

PRE1HEE L~ BRBEEOAA-S
i ® thu @ .
49  ERETETOL—F—KES

1BE., MZEHOMKRSIZEL TIE, ZEOMZES 1 VYEESR L, MERIEROBRSEEER
[CHEETHEER. MHPEEFLT SHNFEKEESRTEET LI ENTED,
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6.2 MIKFERERE (ZERUREEN &DOHMAEET
6.2.1 MIKEEEERF(ZE) LDOHMAERET

HARFORREGDATIFEZ, 2023 FEEITHEFAFESATOLIERENRAR - K
BIREAXMBEIZ (GOSAT-GN) THY ., BE ST SHZEtE Y —(F AMSR3 (Advanced
Microwave Scanning Radiometer 3) T#H %,

HEBKIZEREET (ZF) (DLW TIE, 2012 FIITB LTI, BERFTHLIKERESD
EAEE TL9°<1 (GCOM-W) EWZVS ATHEICEH IN-ZE8E U —THSH AISR2 £H Y.
Chld. 86-92GHz ZFIAT HRITOREI L H—DFTIE, REFHEZ(FOT VL H—
T&HHNH . GOSAT-GW [F, GCOM-W kY LEESEMMEL 425 7=6. AMSR3 L AMSR2& HEER L T
FYFHEZTOTLAEDIEMN D, GOSAT-GV DAMSR3 ZHAMREOFERE L TEAT S
&Lt

HEKFERE RS (8 L258 FOD L—F—LDOHBREIZETIICH-Y . REDHESE L
MEDHLHAMEDMANSEZNZIEEDRT ML Y (MEOHASAMENLCHEET
DEERE) (X, X 20CTHETE S,

#HHX 21BNTIE, hFEESE (m) O (X0E (deg) r(THEXFE (m) THAT=. AMSR3
EHAROFMRET 515G, GOSAT-GN DFESEL 666km, AMSR3 (33 EAS RTINA 35deg
DOFRAIZHY . TIHLBAETOTLNSH. TNZNOEIL. h=666000m, O6=35deg XF
Odeg (GOSAT-GN A¥ZEFOD L—4—DEFEBES £ 5 EHRIL TLHIFEXIEZE FOD L—5
—M R T GOSAT-GW AVKEARIZHSHHEE) r=637813Tm TH5.

B 2 27 v Ly YofiigiaflX

d = (.?"+;?)2+?"2—2(?+]?)?Si11-f19+8i11_1( r COSSJ
1 r+h

HBREL T, 6=3bdeg MEE(Fd=1066km, O =0deg D& EIE d=2990km &732d,

5012, A2 (GOSAT-GW) DfELZEE FOD L—4 —DhER%R%E R, GOSAT-GW
[ IN-Z8t Y —THH ANSR3 (X, LA SR THME 35deg DAR THIBRNSDE
REZIET D=8, {05 35deg AMH AMSR3 DA >O—T &4 %, 2 FOD L—4—IE, ;&
FERARIZAN > THRE SN S0, I 35deg ARITHA FO—T, Odeg AMlIEA 4 >0
—JEib,

ZD=H, DIFAMSRID A4 o O—TEZEHE FOD L—F—DH 4 FO—JDHAEHE.
@IE AMSR3 DY A FA—TEZEE FOD L—F—D A >0—JO#AEHE. @I AMSR3
DHYA FA—TEZHE FOD L—4—DH 4 FO—JDAEHLELELE>TLVS,
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hoDS5E, & FOD L—4—Hm5 AMSR3 ADFSMNREKRETLHZIDIIDTHS
-6, RET—RELTODBEDHERFATEH_ELEET D,

ATEEZE

| side

| AT#EE
666km | Z:‘
@ 1066km
@ AIHE
\ LI
FODL=X= 27 13568 ) 2990km  sie =g

[ S~ G - - Y

T wHEE & “““»mﬁéz;

EEISE

50 ATIBE (GOSAT-GW) i &ZEE FOD L—5—DAERKR

ANMSRS [, tth AR T 35deg MDAMIZHY . £ IHOHIBREER L TL\HH, ZORRDBE
BRI fREGE (L, Skmx3km &7EoTLVE, EAEICEWNT, BEBIRLBICRESINTLS
DIF, FRREFREETHLEEZ oD, RREFREEZHICE Y, BRFRMTEHE & ZE 0/
HZR S1TRY . RARITRY & 512, SRBEBMER SN, &K 6 BERICHDHELTE,
BRI RERERNIC S O ITBERNPA> TS HARRMERIBOTENLDEBEEINES O, B
KAl REERNIZ(TRKRT 4 BEBAASZEEZZEEBITNETLTH D,
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3km

5km

AMSR3IDRIFAIRERE IC\ 2 B E
51  EREMRZEEICEHTSH SRS DBEFRIRERE

52(2, IKIFEBREETE (Z8) THD AMSR3 ({if 35deg) &Z=% FOD L—4—ED
HARFETIVLETRT, BEY—RELDHNA 3bdeg MIFANHETRL TS, ZDBE. T4
52 501%. EER (TEFD L—45—hoRgtSh, B AISR3 (CEET HEK) RUEER
ERAHR (228 FOD L—4—hoFgtsh, BERECRITLT AMSR3 IZEEET 5 EiK) MNEE
INBHETAH, TOBRDKRIZDOVWTRRLTLS,

BEBERSFEOEANICOVTIE, 3.2 BEBERSENAE] TRIATWS, KH
ERZEEBICEITOERIMIERERELLICEELTWLWS, [3.2.4 BERARITATHER] I
&dé. HEMNSDEEHA dm N5 12n OFETIE, 2B BETDHEVSHERIMERINT
W5, £z, 13.2.4 BEBRERGFATHER] OL—F—D OMLEIZHITH{NH 3bdeg AM
DBAEBREARITROBES(E, 267Tn LEESINS, [3.2.4 BERERFTBEER] OHBR
FHEIC, BEBRARSENDEAN, RENALDSIICHHILTERETSIIDEEZD L.
EENSDFEH 25m DBFE. BERARGTEDOEAIEL. EENMSDEE 4n H o 64dB
BETDHENFETE, ThAR 52 [TREATWS,
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B -
/‘i ?Ei m

/ / 62.4081 / EERmREEE
7= 5/257m
4 -
P S
// : / i
. P -64dB
r /
2 3 /____\35deg L + 12m
2 o b ol 2B
15681 e 22dBm/MHz
WEEEA §ggem/MHz (imemn) lgdeg e O
e s i | i PAELEED
367m
BERE

52 MUSR3 (fif 35deg) &Z2% FOD L—4—& DAFIRHETIL

LEREOHARHETIVERAVTHARNET ERER 61TF7T, RTIF, EERIC
FAOTHBENRVEBEBARNKICEIDITEENERIICEHL, SELTHRTFSENE
BRI DAHEEL ST,

3.2.5 L—4—HAES FNCW HXD W 55) DER DOFER. O Hi IMHz BEhb & -
70dBc/MHz DEAMNREN TS Z EAFIBAL TLVST=8. & FOD L—F—D1 & d EDFEE
F73HY 100mW DFY 20dBm THH &, HIKEERERH (R8) (X, Z#E FODL—F—Dk
BETEHTERSNDLERFT A, BEFTEADEEENEEEZHET S L.

-50dBm/MHz &72%,

FRRICKY. ZZE FOD L—5—1 BH-YITDNT. EEROEEENZEEE-50dBn/MHz TH
Y, EERERGTRICBEL TIE, /KFEEE L=EAN D 22dB BEEL. KOl 3bdeg ARDE S
25Tm [ZHLTIE, SIS IMG 64dB BT 51=0. {1ff 3bdeg ARADBERERGHED
EEBNBEIL. -50-22-64=-136dBm/MHz &755,

Fr=. AHRD EH Y. AMSR3 DEESFRHREFERICALDIE 4 JBERTHY . HhDOIhoDIEER
OIS, Z2E FOD L—5—h\RETEh 5=, BEERICLSTHE, BERERGTRIZE 5T
DENENIZDONT, FHERESEIMRELGD, =8 FOD L—5F—DHEHEET &, VT
noEEL. 8x4=192 5E45H, ThEAVS L. BRAIRERNDETOZEE FOD L—%—
M oDEHERRVEERERSTROEEENEENEETE S,

LEEDEFRERE, ZE FOD L—4—DFET7 771G 8K 2(2&kY, ZEFOD L—%
— & ATEE (GOSAT-GW) EEREZETE LI=#5R. 5o S ERE 1066km NoEESND. [TU-
REEDP. 525-3 [ZBD < BRZERHEIHERKR U P. 676-12 [TEDCAKRHAR
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[C&kBiEK. AMSR3 DFHET U TFFIF 62. 4dBi [Tk Y. AMSR3 HZ{ET S EEKR R U EERME
REENCDFHEBNEEEZEET .

ZDFER. ASR3 AZET HEHEEN DT HENEEE-172. 16dBm/MHz (R 6 D 4 5|
B). BERERSGERN 5D TFHENEEE-199. 16dBm/MHz (R 6 @ 5 5IB) THH1=8.
AMSR3 WZA{ET DETHFHBENEEEREES &, -172.15dBm/Miz (R 6 D 6 FIE) £7%5o
fzo —AT. B Y —DOTFHHFREEEEDT [TUREFDRS. 2017 [ITHRESHA TS F
HHBRENTEIL-159dBn/MHz THY . AMSR3 BZAET S FHEHNFEIX. COTFEHFBTENE

EZTELH &M, BRELT, HATRTHLSZ EATRSNT,

SEETIT, Z#E FOD L—5—HH' 6 JEERRELD 48x6=288 BIZH S -IHADERERTIZRT .
COEHTH->TH, HAFARETHSC EMRSNT =,
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x6

HERFERERT (RE) LOTHREHER

mwmae | LXEEE | pnmane
2, =, E%T% (X k- =,
. EX% (% B EXx% (%
BB Unit %) ) BEER )
gl | P (&3]
(86-92GHz) (86—92lGHz) (86-92GHz)
<IABE> | SmmpEs | <IHABE>
EEEN mW 100 100 -—
EiEF v R ILIE dBm/MH -50 ~136 S
EThTE /MHz
- = 192 192 -—
Radar *ﬁﬁ'ﬁ%ﬁ;& =
(Tx) dB 22.83 22.83 -—
* & E R GHz 86-92 86-92 _—
Bl B R B GHz 89 89 —
TUTTHE .
(itu-r rs.1813-1 dBi -15 44 -—
pp. 1-2)
HENESNENTE dBm/MHz -42. 17 -69. 17 -—
Radar-f&7 2 fh & km 1066 1066 -—
HHEMEKREX
M | (itu-r p.525-3 p.2 dB 191. 94 191.04f  —-
(#8 |eq.4)
) RKEPHRIZKBEX dB 0. 45 0. 45 S
(itu-r p.676-12 ) ' '
FHE K% L8) 87.5-90. 5GHz _—
TUoTFHRE dBi 62.4 62.4 -—
E— L8 (3dB) degree 0.15 0.15 -—
~|AH days 3 —_—
*ﬁ?@g 180 AEE B /day 14. 6666 -
ANIGEEE km/s 6. 802680726 _—
ZEEHEE dBm/MHz -172. 16 -199. 16 -172. 15
FTHHBRENFE dBW/100MHz -169 -169 -169
FTHHBRENFE dBm/100MHz -139 -139 -139
FTHHBRENFE dBm/MHz -159 -159 -159
ER IR — dB 13.16 40.16 13.15
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x1

HERFERIZERT (RE) COTHREHRER 35)

mwmae | LXEEE | pnmane
2, =, E%T% (X k- =,
. EX% (% B EX% (%
gl | P Bt
(86-92GHz) (86-920H2) (86-92GHz)
<EMABE> | JnppEs | <AAHBE>
RIEE N mil 100 100 —_
Kﬁ*&? —\” ‘/*)If% dB MH _50 _1 36 ———
ERNER /e
] & 288 288 —_
Radar REAEREH =
%) dB 24. 59 24. 59 —_
Xt R B K GHz 86-92 86-92 —_
Ol B R GHz 89 89 —_—
7 U HE .
(itu-r rs.1813-1 dBi =15 44 -—
pp. 1-2)
HENEHENEE | dBn/MHz -40. 41 —67. 41 —_
Radar—f £ 25 & km 1066 1066 —_
HEHRZHEGKREX
B | (itu-r p.525-3 p.2 dB 191. 94 191. 94 S
(#8 |eq.4)
SUNNEY TP PAER TSP 045 o
(itu-r p.676-12 ) ' '
mAREKE (L8) 87. 5-90. 5GHz —_
7 UTFHE dBi 62.4 62.4 —_
E— L8 (3dB) degree 0.15 0.15 —_—
_|AH days 16 —
*fR@E IR [ /day 16. 24506218 -
ANIHEERE km/s 7.52 —_—
SEBENTE dBm/MHz -170. 40 -197. 40 -170. 39
FHEUHBRENEE dBW/100MHz -169 -169 -169
FHEUHRENEE dBm/100MHz -139 -139 -139
FHEUHBRENEE dBm/MHz -159 -159 -159
-y — dB 11.40 38. 40 11.39
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6.2.2 HuEkERAHT R EB (EE) & O LA MR
(1) ZFEFOD L —x— LHEREA AR RS (REE)) ~o T

HARHDOHREGDAIFEER, 2022 FEIHTEFAFESNTLSETI T O VLS
S w< 3> (EarthCARE: Earth Clouds Aerosols and Profiling RADAR) ThHY . EBEHIh
TWWBEEENt > —IE CPR(Cloud Profiling RADAR) T&H 5.

CPR (DEEFFRIREREHIL 750m x 750m Td#H A, CPR (2L, £BBIT—4 % 10km [2hHhf=>TERNT
LBAE—FLAHY. PRI TFHERZTET—RATHLH. MREGLHBRBEHEZ
750m x 10km & L THRES&E1T S,

HIKIFEREET (ZE) EOHARE EERRIC. RREFEZEZHICE Y., SURIEE S %
DEZRZR 53ISRY, TR SREESNERSN, A6 BERICADHRIC, SREREICA
LBEBDENZKREG DL IICERSNDGT—RAERE Lz, SAGKEIC ASBEERBRD
HOIRKELGHIDIE B BB3DEHY. 2 BEBIVRAUGHEDRIDEFITIEEHI EITKY, 2T
BREEEICAY . 5122 BERL—EFT DERREEICASZETHD

(B 53Tl&. 2 jEERD—ERE LTH 3 570 1 T OHEREBHICA->TLVS, )

A SHIBRING
\ FEDBEBOBHE
W\ dFersyEE

CPROERIEE X
ABBER

1750m .
750m -
750m [

10km
53  HRERZSHIZHITS CPR (ERETE
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X 5412, hIKIFERMEER (REB) THDCPR ({1 90deg) LZTEFOD L—4—LDH
RABEHETILERT, CPR [(FETZERIT 516, 258 FOD L—4—DELEIZ CPR A%HY. CPR @
A oA—TJEEE FOD L—4—DY 4/ RO—JDEBEHE ELDIDDRES—RATH 1=,
CDRET—RAEWRDMA 90deg DIFEDHETRLTIND, CDIFE. THE5Z50DE. BIER

(ZZEFOD L—F—hoHFtan, EiE CPR [CRETHER OAHELY., EEBRARITR (T8
FOD L—A—hofstah,. BERECTRITT HER (X, CPR AMIET 5 90deg AmIZIFE
FELBW EAEEINEEC A, ZOERDKRICDOVWTRRLTL S,

ANTEE

%

L2

393km FODL—4—h b ATHE~OFSH
—— AIHEHBFODL —K—~OTH¥

-10dBi

pEmEBEAC —

¥ - 7---7"': _

T RERERR

e wkEE
ERBE

54 PR (g %0deg) &Z2#% FOD L—4'—EDHRBIRHETIL

FSROHEARFETILERANT, 94-94. 16GHz Z2Z=E FOD L—4—THERA L=BEICDL
T. HABRHZTo-EREXK 8ITRT, ZE FOD L—4—0DEEEHA 100m DFE Y20dBm
ThHHZ LMD, ETHEFOD L—4—1 BHYIZDONT, BEEEOEEENIE 20dBnTH 5.
Ft=. BHRDEH Y. PR OEFRIERICAZDIL, 2 [BERDETE., SIC 2 JBEEBEDI 5D
192THY. HhOINLOEEROEE D, 25800 L—4—h\Fitcsh b=, BEERICL ST
BEREIBDIRNRELD, THE FOD L—4—DEEEETHE. 48x2+(48/3) x2=128 &
Eib, SNERAWS L. BAEENOLTOEE FOD L—4—hMo0EERDEEENNE
ETE5,
LEROEEHERE. Z#E FOD L——DXET7UTFHRE. ZEFOD L—F—& AL
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£ (EarthCARE) DEEEEMNBEFTELRL 393%km THLHZEMDEEESNS, ITU-R &#1FD
P. 525-3 ICE D<K BEHZEMGHMERR Y P. 676-12 ICEDK KRB A RIZL BHiE%K. CPR
DRET U TFFE 65.2dBi 1I2& Y. (PR ARETIEEEKNCDTHENEZEET 5,

ZOHER. (PR HRETIEERN LDFHENIZ-87. 74dBn(K 8) THY. “hht CPR
DERETLHIETOTFHENEL D, — AT BBV —DOFSHBRHEEEZED [TUR &
ED RS, 1166-4 [CHRESA TV S THHEBENEL LT, BIFEOETO 74 )T L—
H—&HE LT, CPR OEEEAMELI=C &, CPR TIX 10km [ThHF=>TT—2 EHHT S
HRAE—FDHEZEEMEL-FER. CPR OFTSHHBENIE-128dBn &% >7-, CPR M52
BETH5THENL. COFHHFRBENEZLELI &M, BRELT, £ANTERNI L
NRENT=,

ZZT. ZE FD L—4%—TI&, CPR BRSNS 94-94. 1GHz ZFEALLBLEWSF
Y URIVERREERYT S L LT, HARFZTOLBRIZONT, R 9 ITFY,

COBZBEITIE. CPR AEAT S 94-94.1GHz (. ZEE FOD L—4—HMERT HBKBD
TENERD I EMND, 16.2. 1 IKERERMERH (RE) L OHARARET) EEHRIZ, Z=E FOD
L—H—DEEBNEER., BEFEADEEFEENEETHSH-50dBn/Mz ZERATEETH
5186, Z#E FOD L—4—1 & YIZDNT, BEEROZEEEBNEEL-50dBn/MHz & 743
%o

“hEdH &I, (PR ARETIERKDTHSENEEEEET 5L, -157. 74dBn/MHz T
HY. D CPR DRIETIETHTFHENEELLG S, —AT. i eEH Y. (PR OF
BB ENIE-128dBm THY . TORIEFEHMREIL 300kHz (0. 3WHz) THAH 1=, FTHHRE
HNEE(F-128dBm/0. 3MHz, § 7%54>5-122. T1dBm/MHz &£75%. &> T. CPR ARET 5 FHE
NEEEF., COTFSHHFRENBEEZTELS-O. FrorLEERZERLEGRICE, #
RAFRETHL I ENTENT,

SEETIC, ZEFOD L—F—HA 6 BERELD 48x6=288 BT o-I5EDWERER
10 SRS, CORBTH-TH, LARRTHD - EMNTRSNT,
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8

HERFERIERT BEE) SOTHREHRER (FroRILR)

M EBKIEE &
, X% (BEF)
7 B Unit [ K]
(94-94. 1GHz)
< MAEIOE>
_ i 100
EEEND
dBm 20
_ " = 128
Radar |BERE A =
dB 21.07
(Tx)
ol B R 3 GHz 94.05
T oTTHE .
(itu-r rs.1813-1 dBi -10
pp. 1-2)
HEHANESE N dBm 31.07
Radar—& £ 20 km 393
BHZREikEX
= E | (itu-r p.525-3 p.2 dB 183.76
(& l|ea.4)
%K) — .o o
KEBPHRIZCKBIE dB 0.26
% .
(itu-r p.676-12 )
e ) 940465~
ToTTHHE dBi 65. 2
E— L1g (3dB) degree 0.095
ANILE |FH days 25
(%0 1B REEEK B /day | 16.60926091
AIBHEXRE km/s 7.69
ZIEEN dBm -87.74
b =h dBW -158
FHHEREN
dBm -128
<—v - dB -40. 26
Y

b2




9 HENFEGEER GE) COTHEEHER (Fro/LERED
M EBKIEE &
, EX% (BEF)
HHE Unit (B K]
(94-94. 1GHz)
< MAEIOE>
EEEN mW 100
BEEF v o R ILiE _
EBhEE dBm/MHz 50
_ w =) 128
Radar |BEIXREM =
dB 21.07
(Tx)
ol B R 3 GHz 94. 05
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& & BI5 Article5 of Radio Regulations Introduction X ¥ #k
ARTICLE 5

Frequency allocations

Introduction

Sid, 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:

lFre.-que.nc_v French English Spanish Arabic Chinese Russian
distribution to
Services Attribution Allocation Atribucion &I B4y pacIpeleleHHe
’ 3 (attribuer) (to allocate) (atribuir) (&o%) = (pacmpeenaTs)
Areas or Allotissement Allotment Adjudicacion S AR BELICICHHE
countries (allotir) (to allot) (adjudicar) (==) ey (BBITeTIATE)
5w Assignation Assignment Asignacion o . IIPHCBOEHHE
Stations : L : - fRED
(assigner) (to assign) (asignar) (aasy) (mpHCBAaHBATE)
Section I — Regions and areas
5:2 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:
2 3
— 160° 140° 120° 100° B0° 60° 40° 20° 0° 20° 40° 60° 80° 100° 120° 140° 160° 180° —
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wﬁ\:\ﬁﬂ n);?\ U{ {,//// /A-tw\j‘/‘ll“ ,__w-\::!
; A 1 5
60° f—4 7‘3\ S . {j (’REGION i} ~ A e
jai i T AR § % T i
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, I AT W S 5 | e I £ (
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i NIIA TR ENA KRB =2NE
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. 4y .
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Eﬁxw 3] { é L ; i . oN3] |-
60° C B A 60¢

160° 140° 120° 100° 80° 60° 40° 20° 0° 20° 40° 60° 80° 100° 120° 140° 160° 180°%

S
= ~
— —

5-01

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.

82



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

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 5.561A

84-86 FIXED 5.338A
FIXED-SATELLITE (Earth-to-space) 5.561B
MOBILE
RADIO ASTRONOMY
5.149

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 1 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,

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.

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,

2 655-2 690 MHz, 42.5-43.5 GHz, 209-226 GHz,
3260-3 267 MHz, 48.94-49.04 GHz. 241-250 GHz,
3 332-3339 MHz, 76-86 GHz. 252-275 GHz
3 345.8-3 352.5 MHz, 92-94 GHz.

4 825-4 835 MHz. 94.1-100 GHz.

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

5.338A In the frequency bands 1 350-1400MHz. 1427-1452MHz, 22.55-23.55 GHz, 30-31.3 GHz.
49.7-50.2 GHz. 50.4-50.9 GHz, 51.4-52.6 GHz. 81-86 GHz and 92-94 GHz, Resolution 750 (Rev.WRC-15)
applies. (WRC-15)

5.561A The 81-81.5 GHz band is also allocated to the amateur and amateur-satellite services on a secondary
basis. (WRC-2000)
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86-111.8 GHz

Allocation to services

Region 1

Region 2 Region 3

86-012

EARTH EXPLORATION-SATELLITE (passive)
RADIO ASTRONOMY

SPACE RESEARCH (passive)

5.340

0204

FIXED 5338A
MOBILE

RADIO ASTRONOMY
RADIOLOCATION
5.140

04-94.1

EARTH EXPLORATION-SATELLITE (active)
RADIOLOCATION

SPACE RESEARCH (active)

Radio astronomy

5562 5562A

04.1-95

FIXED

MOBILE

RADIO ASTRONOMY
RADIOLOCATION
5.149

95-100

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

FIXED

MOBILE

RADIO ASTRONOMY
5.149 5341

105-109.5

FIXED

MOBEILE

RADIO ASTRONOMY

SPACE RESEARCH (passive) 5.562B
5.149 5341

100.5-111.8

EARTH EXPLORATION-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.

87

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:

=—— (D

AP 1
F2 \fléTof
where:
Pand AP: power spectral density of the noise
Afy:  bandwidth

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

AP=Fk AT: 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 astrononxy
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 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 1s 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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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
area or time

Frequency Maximum issibl :
band(s) b ﬁ?;ﬁuaiﬂz} interference level | . p:frmm le 1 ?\ﬁntmﬁﬁg
andwi 1 interference leve ™. C,
(GHz) (dBW) may be
exceeded™ (%)
1.370-1.427 27 -174 0.1 N, C
2.64-2.70 10 -176 0.1 N
4244 200 —-166 0.1 N, C
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 N, C
18.6-18.8 200 —163 0.1 N, C
212214 100 -169 0.1 N
2221225 100 -169 0.1 N
23.6-24 200 —-166 0.01 N, C
313318 200 —-166 0.01 N, C
36-37 100 —-166 0.1 N.C
50.2-50.4 200 —166 0.01 N, C
52.6-593 100 -169 0.01 N, C
8602 100 -169 0.01 N.C
100-102 10 —-189 1 L
109.5-111.8 10 —-189 1 L
11425116 10 -189 1 L
115.25-12225 200/10% —166/—189% 0.01/1% N.L
148.5-151.5 500/10% —159/—-189% 0.01/1% N.L
155.5-158 .5 200 —163 0.01 N.C
164-167 200/10® —-163/—-189% 0.01/1% N CL
174.8-191.8 200/104 —163/—189% 0.01/1% N CL
200-209 3 —-194 1 L
226-231.5 200/33 —160/—1943 0.01/1% N.L
235-238 3 —-194 1 L
250-252 3 —-194 1 L
275-2854 3 -194 1 L
296-306 200/3& —160/—194% 0.01/1% N.L
313.5-3556 200/33 —158/-194& 0.01/19 N CL
361.2-365 200/33 —158/—-194% 0.01/1% N.L
369.2-3912 200/33 —158/—1943 0.01/1% 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°%
Eccentrieity 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 16m 22m 0.15m 03m 0.203m 0.6m 2m
0.22 m*
Maximum beam gaimn 50 dB1 60.5 dB1 56 dB1 344 dB1 47 dB1 37.9 dB1 54 dB1 62 4 dB1
44.8 dBi*
Polarization HWV H QV HV
Qv+
-3 dB beamwidth 0.43° 0.18° 0.39° 337 1.1° 22° 0.4° 0.15°
Instantaneous field of 10 km x A 62kmx 16 km x Nadir FOV: Nadir FOV: 16 km Nadir FOV: 12 km * A 51kmx
view 17 km 3.6km 12 km 48.5 km (1.1%) 31.6 km x 28 km 2.9km
B:5.9 km x Outer FOV: Outer FOV: 53 x 31.6 km B:5.0km x
3.5km 149.1 % 79.4 km 27 km* Quter FOV: 2.9 km
147 x 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

(%0)
Sensor type
Performance degradation {f{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 in measurement of -5 99 95

normalized radar backscatter to

deduce wind speeds
Precipitation radar | 7% increase in nunimum rainfall rate -10 N/A 99.8
Cloud profile radar | 10% degradation in minimum cloud -10 99 95

100




&R 3

Rec. ITU-R RS.2015-0 & v $k¥x

28 Rec. ITU-R RS.2105-0

TABLE 16

Characteristics of EESS (active) missions in the 94-94.1 GHz band

Parameter CPR-L1 CPE-L2

Sensor type Cloud profiling radar Cloud profiling
radar
Type of crbit 530 S50
Altitude (o) 705 393
Inclinaticn (degrees) 082 a7
Ascending Node LST 13:30 10-30M
Repeat period (days) 16 25
Antenna type Parabolic reﬂEu:tm‘ to offset Parabolic reflector
cassegrain antenna

Antenna diameter 1.85-25m 25m
Antenna (transmit and receive) peak gamn (dBi) 63.1-65.2 65.2
Polarization linear LHC, RHC
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. beannwidth (degrees) 012 0.095
Beam width (degrees) 0.095-0.108 0.093
RF centre frequency (MHz) 94.050 94 050
RF tandwidth (MHz) 0.36 7
Transmit Pk pwr (W) 1 000 1 430
Transmit Ave. pwr (W) 2131 288
Pulsewidth (us) 333 33
Pulse repetition frequency (PRF) (Hz) 4300 6 100-7 500
Chirp rate (MHz/us) NiAll 21
Transmut duty cycle (%) 133 2.0
Mininmim sensitivity (dBz) —30to—35 —30 to —35
Horizontal resclwtion 0.7-1.9km 200 m
WVertical resolution 250-500 m 500 m
Doppler range =10 m's =10 m's
Doppler accuracy 1 mfs 1 ms

System noise fignre (dB)

7

11 Descending.

12 The sensor uses an vnmodulated 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
v=uh L + lw (26)
a4 d, )
v ==8 27
V= & (v has the sign of hand 8) (28)
A

v = fﬁ - 00y (v has thesign of o, and a,) (29)
A

h:  height of the top of the obstacle above the straight line joining the two ends of
the path. If the height 1s below this line, /i is negative

dirand 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 i The angle 8 15 assumed
to be less than about 0.2 rad, or roughly 12°

cpand oiz:  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 /1 in the above equations.

where:

NOTE 1 — In equations (26) to (29) inclusive A, 4. dh, 41 and 7. should be in self-consistent units.
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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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TRER20 BBE CERSOEEEROFMRINHFE S52 ERRCL D S
VATLOBEICEAL TELVOXEFELHA, §6-8-7. §6-9-11 (3, TEL§6-7-5
EFEER—-—DRERAHY . BERRXXEBREOVLEMHZIZHE LTS,
§6-7-5 BEXX

(1) LAFLOEE

FATLE. RESMOBESAIBREERRTSCLLEY. RECEETFMONERE. oIzt
FEHITOLOOREBLZE, FEEATRATILOHDLATLTES,

BAOEEACHEELIRAASTRLE., TERROZHBEVERICTHL(FARBIZLEST.
BETEHEE) . F-AREATER CRAT IO IESRTRET L. ChoD BT T RENS
BYEHETIThA TS,

21.2GHz-23.6GH= ML, 22 235CGH: DA B FA—F—A A2 LD RMYFALIZThhATLEREE
UEERFODLEOTRS AIEXERUUFrERERARTICOMESROBRNT. EXT 5y
or—ILEFREEL:, 1= VLBIEMLITHA TS,

(2) LAFLOWEASA—T

BEASEL  BFOIAAF—ROMOBE L2 THNERRRESA TECORLORD RS

VLBI(Vary Long Baasine nterferometry) : HEESREFIEOLT, REMCOREENALT7-THOBERERNTIHE

(3) MEXARBOREREOEN
REEZRBOZRE®EINERIZVEIEOREENHALTLELL,. ARCRMERET &/
HiZlE. ERN RN T IRECTFERN M CERTILEN B D,
@iz, BEERRR(RR) TREEEX RS RS- AEROREEEEEFICHLTR
HTEY, ChizE& 0T, BAEREEAEORELIBIH-REEXRBORARNEANTIE

CHREERTTLHMER 6 .
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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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yEigaval WHE FRCSOEEBROFARGGE 252 80GHzH mE BRIk AT A K
Y Pk

§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) YAFLOWRLAA—D

[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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BB k22

RS O4F BE 22 PRl A5 BERIKUIEALL -2047

OEMERF(EHFE+ EM)

[ 2584 R — L— U X 0 Bk

E |z B ECIE
F[E] H 3
1 |ERERRE 227,631 524
2 |BHERE 128,952 354
5 |FAmEERR 94833 260
4 |78 90,723 249
5 |HIEE 81,963 225
6 |FTEE 77,706 213
7| AERERR 69,244 190
8 |PEEER 51,654 142
9 |ER 34,992 96
10 |{bs 27,690 76
11 |REZ 22,153 51
12 |2l5F 21,965 61
13 |24 E 21,711 60
14 |#sL 15,738 44
15 |ElF 15,634 43
16 |87 14817 41
17 |[F0E 13,325 37
18 |#HOiE 12,393 36
19 |J\E 12,748 35
20 |[LB 12,410 34
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TIEE k23 [E N Ze#E & K SCH [0 R R OV I 175
92GHz 2» & 100GHz %Ml L T\ 2 BRIl FH B BMAT & . 86GHz 20 & 92GHz %

LT\w% VERA &4 FAH 0, b & EHNZEE L O CHIERIC O W TR T %,

2.1 ERRXERARERERE LI-ERNZEEI 9 HIEREER
() B o PR I A P
A1l o, AT HERBHAT o, EINZEEE OfRER R Lz, ’PICH 3 X 91, &Y
TEEEREDOREICH 25T, HikEH2 EORED 02 BETE 5, KiTiE, Mo S}
el . PF CHREEC TS 2 B BZERHER LR SAIREIZ 2V TH IR L7z,

(o]

oy

k

¢
gﬁo\i
0
o FALFEEHR

s A

W SERE (k) (&)
— =

Al ERAFEEREART & ENZE AR

2 (from FFILRXA) RE RE R EERE (km) BEZERAK (dB) ARUBE (dB)
FILTE 35.944448 | 138. 472348 0 0 0
EIREAIFT

RRERR 35.549517 | 139. 785472 126. 595 | 174. 0942444 50. 638
R EHERR 35. 777116 | 140. 382969 173.561 | 176. 8347161 69. 4244
R rEE R 34.430525 | 135.231963 339.552 | 182. 6636193 135. 8208
e fE 33.585874 | 130. 450823 779.275 | 189. 8792524 311,71
ABE 26.194672 | 127. 646002 1493. 253 | 195. 5280961 597. 3012
T 42.78602 | 141.679941 808. 13 | 190. 1950609 323. 252
KIRERR 34.781943 | 135. 440151 304. 246 | 181. 7100062 121. 6984
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&R E 34.857858 | 136. 805603 193. 533 | 177.7807349 71. 4132
RS 31. 803467 | 130. 719292 851.329 | 190. 6473927 340. 5316
s 38. 140129 | 140.913879 326. 391 | 182. 3202621 130. 5564
RER 32.837377 | 130.855112 780. 35 | 189. 8912263 312. 14
= 31.877093 | 131.448669 790. 496 | 190. 0034307 316. 1984
2HE 35. 256324 136. 92377 159. 749 | 176. 1144909 63. 8996
NI 33. 826553 | 132.700707 577.432 | 187. 2754652 230.9728
RIG 32. 917253 129.913 854.989 | 190. 684646 341. 9956
E 34. 632652 | 135. 224456 329.326 | 182. 3980172 131. 7304
wis 37. 956305 | 139. 109947 230. 379 | 179. 2944309 92.1516
HaE 24.396457 | 124.244999 1871.246 | 197. 4880446 748. 4984
INE 34.596078 | 135. 598251 301.254 | 181. 6241667 120. 5016
IN= 34. 435661 | 132.919671 532. 606 | 186. 5735778 213. 0424
PN 33.479845 | 131.737191 674.645 | 188.626948 269. 858
e 33. 845754 | 131.035122 718.326 | 189. 1718715 287. 3304
(ST 34.214153 | 134.015791 449. 424 | 185. 0985849 179. 7696
ENEE 41.770294 | 140. 8211439 678.035 | 188. 6704833 211.214
=% 33. 546083 | 133. 669408 513.924 | 186. 2634322 205. 5696
E 39. 615734 | 140. 219085 435. 539 | 184. 8260028 174. 2156
MR 36. 394918 | 136. 407557 192.375 | 177. 7286087 76. 95
=] 24.7782711 | 125.294979 1767.401 | 196. 9921291 706. 9604
E 40.733797 | 140. 689547 565. 815 | 187. 0989353 226. 326
'/X 28.431822 | 129.713134 1172.08 | 193. 4245755 468. 832
B3k (FL1R) 43. 117547 | 141.381123 834.589 | 190. 474889 333. 8356
LN 42.732546 | 143.218076 857. 158 | 190. 7066515 342. 8632
HE 35.413514 | 132.889648 508. 74 | 186. 1753728 203. 496
Bk 35.67233 | 139. 527681 100. 044 | 172. 0499922 40.0176
fiE] 1L 34.75678 | 133. 855019 439. 847 | 184. 9114956 175. 9388
its 39.429292 | 141.135419 452. 465 | 185. 1571589 180. 986
E8 33. 149668 | 130. 302462 811.111 | 190. 2270424 | 324. 4444
il 43.040846 | 144.192979 928. 382 | 191. 3999672 371.3528
s 34.132769 | 134. 606851 405. 91 | 184. 2140675 162. 364
FfE 34.795916 | 138. 189805 129.989 | 174. 323955 51.9956
2 i Al 43.880168 | 144.164246 1005.971 | 192.0971413 | 402. 3884
BS 37.228021 | 140. 427863 225.624 | 179. 1133924 90. 2496
11}i7 38. 412086 140. 37149 321.6 | 182.1918123 128. 64

116




IO=FER 33. 930009 | 131.278983 693.921 | 188. 8716416 277. 5684
F5fe) 34.590858 | 133.933323 439. 408 | 184.9028248 175.7632
= 36. 648648 | 137. 187364 139. 38 | 174. 9298266 55. 762
KF ER 35.493482 | 133. 239365 476.074 | 185. 5989486 190. 4296
B 43.670501 | 142. 447337 922.596 | 191. 3456646 369. 0384
B 36.166751 | 137.922647 55. 33 | 166. 9094581 22.132
& 34.284703 | 129. 330645 853. 115 | 190. 6655864 341. 246
&+ 36. 142799 | 136. 223922 203. 812 | 178. 2302082 81.5248
i (BE) 36. 181189 | 140. 415605 177.024 | 177. 0063089 70. 8096
AXE 26. 363955 | 126.713975 1542.066 | 195. 8074872 616. 8264
mes 27.835841 | 128.881129 1276.035 | 194. 1626812 510. 414
&L 32. 667182 128. 83333 958. 306 | 191. 6755169 383. 3224
BAE 30. 385145 | 130. 659758 953. 959 | 191. 6360273 381.5836
BE 35.530101 | 134.165294 392.298 | 183.917797 156. 9192
[ =R 33. 662534 | 135. 364255 380. 71 | 183. 6573607 152. 284
PN 34.7815632 | 139.360019 152.169 | 175. 6922735 60. 8676
=E 34.146344 | 132.247268 601. 839 | 187. 6350529 240. 7356
ERN 38. 812362 | 139. 787039 338.913 | 182. 6472558 135. 5652
N\XE 33.1151562 | 139.786104 336. 224 | 182. 5780616 134. 4896
Ik R E 27.430901 | 128.705102 1320.894 | 194. 4627884 | 528. 3576
EFE 30. 605345 | 130. 991057 914.014 | 191. 2644969 365. 6056
B5% 35.512871 | 134.787023 336. 819 | 182. 5934521 134.7276
ER 28.321694 | 129.928165 1167.057 | 193.3872718 |  466. 8228
= 40.703205 | 141.369154 585b. 733 | 187.3994404 | 234. 2932
XE 32.482195 | 130. 159284 856. 515 | 190. 7001342 342. 606
iR 43.577526 | 144.960024 1012.807 | 192. 1559657 |  405. 1228
e 37.29323 | 136.961666 201. 645 | 178. 1373306 80. 658

i 27.043781 | 128.401819 1372.893 | 194. 7981626 549. 1572
EBE 24.467324 | 122.979483 1955.924 | 197. 8724662 782. 3696
30 45.404522 | 141. 802501 1087.325 | 192. 7726188 434.93
=£5 34.071994 | 139. 559758 230.222 | 179. 2885077 92. 0888
5 34.369538 | 139. 268635 189. 191 | 177. 5836458 75. 6764
HES 34.189411 | 139. 133461 203. 83 | 178. 2309488 81.532
ak 34. 676412 131. 78989 623. 643 | 187.9441664 | 249. 4572
5157 36. 178421 | 133.3235T1 464. 542 | 185. 3859624 185. 8168
=153 33. 748686 | 129.785437 830. 641 | 190. 4337032 332. 2564

117




REEREHN 40. 19175 140. 37156 499.994 | 186. 024749 199. 9976
BAR 25.846804 | 131.263481 1313.637 | 194. 4149366 525. 4548
% R 24.653418 | 124.675463 1820.58 | 197. 2496224 128. 232
RORR 33.026302 | 131. 505465 716.902 | 189. 1546367 286. 7608
FR 45.24188 | 141.187328 1057.533 192. 53131 423. 0132
5] 44.303823 | 143. 404055 1018. 451 | 192. 2042349 |  407. 3804
JEXE 25.944715 | 131.326787 1301. 065 | 194. 3314091 520. 426
BER 42.071623 139. 43268 685.27 | 188. 7626748 274.108
TH S 24.825582 | 125.145344 1774.174 | 197. 0253514 |  709. 6696
RE 26.592577 | 127. 240358 1487. 622 195. 49528 595. 0488
IMEE 33. 190706 | 129. 090335 913. 055 | 191. 25563728 365. 222
1EiE 38.060525 | 138.414155 234.887 | 179. 4627431 93. 9548
R3S 33.013606 | 129. 192354 911.892 | 191. 2443017 364. 7568
BB R 26.167442 | 127. 293201 1518.826 | 195. 6755885 607. 5304
R ER A 24.059835 | 123. 805629 1929.01 | 197. 7521163 711. 604
RIS 26.722701 | 127.786999 1440.167 | 195. 2136857 576. 0668

(2) VERA ZKIREHANS)
A 2 (2. VERA KiRBLHIE A6, ENZEEE o2/~ L7z, MBicd s Loz, #4735
TN EDORREICH B 0T, [EAREEEEDS EORED 2 2 BIETE 5, sElloEEticow T

(R LTE Y, fFeTHEHON T 2 B RZERIRA L ORAEEIC O W TR L7,

L -1

MR TERE(km) (21

VERAZGRE

A 2 VERA JKIRERRIR & ENZEEEIRERE
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22 (from VERA 7KRJZ) RE RE R EERE (km) BEZERAK (dB) ARUBE (dB)
VERA JKiREREIS 39. 133543 | 141.132548 0 0 0
RRERR 35.549517 | 139. 785472 415. 282 | 184. 4122869 166. 1128
R EHERR 35. 777116 | 140. 382969 378.371 | 183. 6037817 151. 3484
R FEE R 34.430525 | 135.231963 741.165 | 189. 4437227 296. 466
e fE 33.585874 | 130. 450823 1138.101 | 193.1690408 |  455. 2404
ABE 26.194672 | 127. 646002 1908.433 | 197. 658963 163. 3732
T 42.78602 | 141.679941 408. 223 | 184. 2633742 163. 2892
KIRERR 34.781943 | 135. 440151 699. 875 | 188. 9458343 279. 95
&R E 34.857858 | 136. 805603 610. 985 | 187. 7660357 244.394
RS 31. 803467 | 130. 719292 1245.317 | 193.9510242 |  498. 1268
s 38. 140129 | 140.913879 111.911 | 173. 0228815 44,7644
RER 32.837377 | 130.855112 1159. 325 | 193. 3295301 463. 73
= 31.877093 | 131.448669 1190.309 | 193.558619 | 476.1236
2HE 35. 256324 136. 92377 569. 754 | 187.1591724 |  227.9016
NI 33. 826553 | 132.700707 957.247 | 191. 665906 382. 8988
RIG 32. 917253 129.913 1222.586 | 193.791013 | 489. 0344
E 34. 632652 | 135. 224456 725.552 | 189. 2587956 290. 2208
wiR 37. 956305 | 139. 109947 219.462 | 178. 8726117 87.7848
HaE 24.396457 | 124.244999 |  2279.066 | 199. 2005627 911. 6264
INE 34.596078 | 135. 598251 704.76 | 189. 0062496 281.904
/N 34. 435661 | 132.919671 898.943 | 191.1200734 | 359.5772
PN 33.479845 | 131.737191 1050.5 | 192. 4733458 420.2
e 33. 845754 | 131.035122 1077.311 | 192. 6922466 | 430. 9244
(ST 34.214153 | 134.015791 837.79 | 190. 5081291 335. 116
ENEE 41.770294 | 140. 8211439 293.98 | 181. 4117806 117.592
=% 33. 546083 | 133. 669408 912.231 | 191. 2475212 364. 8924
E 39. 615734 | 140. 219085 95.189 | 171.6171813 38. 0756
MR 36. 394918 | 136. 407557 515.362 | 186. 2876726 206. 1448
=] 24.782771 | 125.294979 | 2178.185 | 198.8073199 871.214
& 40.733797 | 140. 689547 181.669 | 177. 2310643 12. 6676
'/X 28.431822 | 129.713134 1587.102 | 196. 0575214 |  634. 8408
B3k (FL1R) 43. 117547 | 141.381123 442.943 | 184.9723816 177.1772
LN 42.732546 | 143.218076 436. 532 | 184. 8457522 174.6128

E 35.413514 | 132. 889648 839.094 | 190. 521637 335. 6376
Bk 35.67233 | 139. 527681 409. 559 | 184. 2917544 163. 8236
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fiE] 1L 34.75678 | 133. 855019 809. 568 | 190. 2104946 323. 8272
it& 39.429292 | 141.135419 32.837 | 162. 3728211 13.1348
E8 33. 149668 | 130. 302462 1178.03 | 193. 4685517 471.212
il 43.040846 | 144.192979 504. 313 | 186. 0994295 201.7252
s 34.132769 | 134. 606851 804.92 | 190. 1604791 321. 968
FfE 34.795916 | 138. 189805 548.006 | 186.821132 219. 2024
2 i Al 43.880168 | 144.164246 584.681 | 187.3838044 | 233. 8724
BS 37.228021 | 140. 427863 220. 341 | 178.9074139 88. 1364
11} 38. 412086 140. 37149 103. 872 | 172. 3754432 41. 5488
IO=FER 33. 930009 | 131.278983 1053.578 | 192. 4987585 | 421.4312
F5fe) 34.590858 | 133.933323 815.776 | 190. 2768432 326. 3104
= 36. 648648 | 137. 187364 443.201 | 184. 9774394 177. 2804
KF ER 35.493482 | 133. 239365 807.494 | 190. 1882108 322.9976
B 43.670501 | 142. 447337 515. 716 | 186. 2936435 206. 2864
B 36. 166751 | 137.922647 434.292 | 184.8011099 173.7168
& 34.284703 | 129. 330645 1182.507 | 193.5014993 | 473.0028
&+ 36. 142799 | 136. 223922 545. 645 | 186. 7836283 218. 258
g (BE) 36. 181189 | 140. 415605 333.723 | 182. 5131476 133. 4892
AXE 26. 363955 | 126. 713975 1952. 343 | 197. 8565471 780. 9372
mes 27.835841 | 128.881129 1689. 803 | 196. 6021462 675. 9212
&L 32. 667182 128. 83333 1320. 091 | 194. 4575026 528. 0364
BAE 30. 385145 | 130. 659758 1362. 378 | 194. 7313771 544.9512
BE 35.530101 | 134.165294 735.308 | 189. 3748105 294.1232
[EE =P 33. 662534 | 135. 364255 797.32 | 190. 0780781 318.928
PN 34.7815632 | 139.360019 508.093 | 186. 164289 203. 2372
=E 34.146344 | 132.247268 967.563 | 191. 7590097 387. 0252
ERN 38. 812362 | 139. 787039 121.932 | 173.7677799 48.7728
N\XE 33.1151562 | 139. 786104 678.703 | 188. 6790204 | 271.4812
ok R &R 27.430901 | 128.705102 1735.678 | 196. 8348078 694. 2712
EFE 30. 605345 | 130. 991057 1322.988 | 194. 4765435 529. 1952
8% 35.512871 | 134.787023 690. 935 | 188. 8341705 276. 374
ER 28.321694 | 129.928165 1583. 633 | 196. 0385155 633. 4532
= 40.703205 | 141.369154 175. 454 | 176. 9286909 70. 1816
XE 32.482195 | 130. 159284 1234.681 | 193. 8765203 | 493. 8724
higiE 43.577526 | 144.960024 588.214 | 187. 4361325 235. 2856
e 37.29323 | 136.961666 418.449 | 184. 4782849 167. 3796
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Ei) 27.043781 | 128.401819 1787.961 | 197. 0925855 715. 1844
SHE 24.467324 | 122.979483 | 2357.559 | 199. 4946761 943. 0236
-3 45.404522 | 141. 802501 698. 753 | 188.9318984 | 279.5012
=£5 34.071994 | 139. 559758 579.012 | 187.299176 231. 6048
] 34.369538 | 139. 268635 554.215 | 186. 9189902 221. 686
HES 34.189411 | 139. 133461 576.982 | 187.268671 230. 7928
ak 34. 676412 131. 78989 967.712 | 191.7603474 |  387.0848
5157 36. 178421 | 133.3235T1 762.783 | 189. 6934454 |  305. 1132
=57 33. 748686 | 129.785437 1178.515 | 193.472121 471. 406
KEEREHN 40. 19175 140. 37156 134. 424 | 174.6149715 53. 7696
BAR 25.846804 | 131.263481 1738.47 | 196. 8487687 695. 388
% R 24.653418 | 124.675463 | 2229.194 | 199.008382 891.6776
RORR 33.026302 | 131. 505465 1099. 408 | 192. 8686048 | 439. 7632
FR 45.24188 | 141.187328 678.515 | 188. 6766138 271. 406
5] 44.303823 | 143. 404055 604.495 | 187.673279 241.798
FEXE 25.944715 | 131.326787 1725.905 | 196. 7857624 690. 362
=R 42.071623 139. 43268 356. 558 | 183. 0880289 142. 6232
TH S 24.825582 | 125.145344 2184.13 | 198. 8309943 873. 652
RE 26.592577 | 127. 240358 1899. 321 | 197. 6173921 159. 7284
IMEE 33. 190706 | 129. 090335 1266. 75 | 194. 0992429 506. 7
1EiE 38.060525 | 138.414155 265. 063 | 180. 5124071 106. 0252
R3S 33.013606 | 129. 192354 1270. 306 | 194. 1235922 508. 1224
BB R 26.167442 | 127. 293201 1932.624 | 197.768372 773. 0496
R ER A 24.059835 | 123.805629 | 2336.348 | 199. 4161753 934. 5392
RIS 26.722701 | 127.786999 1853. 821 | 197. 4067806 741.5284
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(3) VERA /N BRI

A 3 |z, VERA /NEFBIMIRD S, ENZEEE OffiZ R L 72, BPIch s L H1c, &4
% 22D DRI H B 2T [EREEEED E ORRE D B 2 {BE T & 5, RITIT, GO RRREL |
ff-E TRkl 3 5 B ZEFHRA L R ARE I 2 W TH IR L7z,

LAt ®

:ﬁmiﬁiit-_icm_u-.'.!'l <f /
e L ®

o VERANEER

ar

A3 VERA /NETRERAIR & ERZE AT RERE

22 (from VERA /NETRUS) RE RE R EERE (km) BBZERAK (dB) ARUBE (dB)
VERA /NEIRERAIR 27.091796 | 142.216549 0 0 0
RRERR 35.549517 | 139. 785472 965. 773 | 191. 7429261 386. 3092
R HERR 35. 777116 | 140. 382969 978.594 | 191. 8578378 391. 4376
R FEE R 34.430525 | 135. 231963 1052. 488 | 192. 4897679 | 420. 9952
e fE 33.585874 | 130. 450823 1339. 524 | 194.5844347 535. 8096
ABE 26.194672 | 127. 646002 1453. 326 | 195. 2926856 581. 3304
T 42.78602 | 141.679941 1741.822 | 196. 8655001 696. 7288
KIRERRE 34.781943 | 135. 440151 1069.987 | 192. 6329948 |  427.9948
&R E 34.857858 | 136. 805603 1003. 821 | 192. 0785504 |  401. 5284
RS 31. 803467 | 130. 719292 1230. 668 | 193. 8482484 | 492.2672
s 38. 140129 | 140.913879 1231.29 | 193. 8526318 492.516
RER 32.837377 | 130.855112 1266.968 | 194. 1007451 506. 7872
= 31.877093 | 131. 448669 1170.4 | 193. 4121548 468. 16
2HE 35. 256324 136. 92377 1035. 89 | 192. 3516976 414. 356
NI 33. 826553 | 132.700707 1179.057 | 193.4761208 | 471.6228
R 32. 917253 129.913 1349.955 | 194. 6518106 539. 982
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E 34. 632652 | 135. 224456 1069.897 | 192. 6322642 | 427.9588
wiR 37.956305 | 139. 109947 1239. 463 | 193. 9100961 495. 7852
FaE 24.396457 | 124.244999 1826.047 | 197. 2758081 730. 4188
INE 34.596078 | 135. 598251 1044.852 | 192. 4265204 |  417.9408
IN= 34. 435661 | 132.919671 1205. 168 | 193. 6663804 | 482.0672
PN 33.479845 | 131.737191 1230.904 | 193.8499084 | 492.3616
e 33. 845754 | 131.035122 1307. 626 | 194. 3750957 523. 0504
(ST 34.214153 | 134.015791 1113.296 | 192. 9776407 | 445. 3184
ENEE 41.770294 | 140. 8211439 1633. 301 | 196. 3067493 653. 3204
=% 33. 546083 | 133. 669408 1089. 005 | 192. 7860925 435. 602
E 39. 615734 | 140.219085 1401. 336 | 194. 9762705 560. 5344
IV 36. 394918 | 136. 407557 1168.589 | 193.3986607 | 467. 4356
=] 24.7782711 | 125.294979 1712.874 | 196. 7201458 685. 1496
& 40.733797 | 140. 689547 1519.711 | 195. 6806459 607. 8844
'/X 28.431822 | 129.713134 1240. 886 | 193. 9200853 |  496. 3544
B3k (FL1R) 43.117547 | 141.381123 1779.579 | 197. 0517702 711.8316
LN 42.732546 | 143.218076 1737.588 | 196. 8443619 695. 0352

E 35.413514 | 132. 889648 1279.517 | 194. 186346 511. 8068
Bk 35.67233 | 139. 527681 985. 029 | 191. 9144059 394.0116
fiE] 1L 34.75678 | 133.855019 1165.593 | 193.376366 | 466. 2372
its 39.429292 | 141.135419 1372.032 | 194.7927101 548. 8128
E8 33. 149668 | 130. 302462 1328. 744 | 194. 5142511 531. 4976
il 43.040846 | 144.192979 1778.468 | 197. 0468021 711. 3872
s 34.132769 | 134. 606851 1067.791 | 192. 6151641 427.1164
FfE 34.795916 | 138.189805 936. 564 | 191. 4773955 374. 6256
2 i Al 43.880168 | 144.164246 1870.923 | 197. 486543 748. 3692
BS 37.228021 | 140.427863 1136.53 | 193. 1570559 454.612
11}i7 38. 412086 140. 37149 1267.196 | 194. 1023019 506. 8784
IO=FER 33. 930009 | 131.278983 1293.607 | 194. 2814719 517. 4428
E5fe) 34.590858 | 133.933323 1147.588 | 193.2411448 |  459. 0352
= 36. 648648 | 137.187364 1161.165 | 193. 3433035 464. 466
KF ER 35.493482 | 133. 239365 1262.999 | 194. 0734849 505. 1996
B 43.670501 | 142.447337 1839.529 | 197. 3395586 735.8116
B 36. 166751 | 137.922647 1085.227 | 192.7558654 | 434.0908
1 34.284703 | 129. 330645 1467.808 | 195. 3788098 587.1232
&+ 36. 142799 | 136. 223922 1152.808 | 193.2805644 | 461.1232
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i (BE) 36. 181189 | 140. 415605 1022.159 | 192. 2360691 408. 8636
AXE 26. 363955 | 126. 713975 1543.529 | 195. 8157206 617.4116
Bz 27.835841 | 128.881129 1320.057 | 194. 4572785 528. 0228
&L 32. 667182 128. 83333 1431.408 | 195. 1606936 572.5632
BAE 30. 385145 | 130. 659758 1185.75 | 193. 5255547 474.3
BE 35.530101 | 134. 165294 1208.409 | 193.6897038 | 483. 3636
[ =P 33. 662534 | 135. 364255 981.487| 191.883118 392. 5948
PN 34.7815632 | 139. 360019 895. 061 | 191. 0824787 358. 0244
=E 34.146344 | 132.247268 1233. 851 | 193. 8706791 493. 5404
ERN 38. 812362 | 139. 787039 1319. 417 | 194. 4530663 527.7668
N\XE 33. 1151562 | 139. 786104 707.541 | 189. 0404781 283. 0164
ok R &R 27.430901 | 128.705102 1337.839 | 194. 5736758 535. 1356
EFE 30. 605345 | 130. 991057 1161.861 | 193. 3502566 | 464. 7444
B5% 35.512871 | 134.787023 1170.457 | 193. 4125346 | 468. 1828
ER 28.321694 | 129.928165 1219.059 | 193.7659193 | 487. 6236
= 40.703205 | 141.369154 1511.824 | 195. 6354495 604. 7296
XE 32.482195 | 130. 159284 1308. 806 | 194. 3829306 523. 5224
iR 43.577526 | 144.960024 1845.712 | 197. 3687037 138. 2848
e 37.29323 | 136. 961666 1234.42 | 193. 8746845 493.768

i 27.043781 | 128.401819 1369.678 | 194.771876 547. 8712
EBE 24.467324 | 122.979483 1949. 345 | 197. 8432503 719. 738
30 45.404522 | 141. 802501 2032. 434 | 198. 2057537 812.9736
=£5 34.071994 | 139. 559758 814.624 | 190. 2647728 325. 8496
] 34.369538 | 139. 268635 854. 689 | 190. 6815872 341. 8756
HES 34.189411 | 139. 133461 840.397 | 190. 536536 336. 1588
ak 34. 676412 131. 78989 1302. 824 | 194. 3431398 521.1296
5157 36. 178421 | 133.3235T1 1312.73 | 194.408933 525. 092
=153 33.748686 | 129. 785437 1402.278 | 194. 9821072 560. 9112
REEREHN 40. 19175 140. 37156 1462.963 | 195. 3500917 585. 1852
BAR 25.846804 | 131. 263481 1100.508 | 192. 8776526 | 440. 2032
% R 24.653418 | 124. 675463 1777.171 | 197. 0400091 710. 8684
RORR 33.026302 | 131. 505465 1223.472 | 193.7973175 |  489. 3888
FR 45.24188 | 141.187328 2016.106 | 198. 1356919 806. 4424
5] 44.303823 | 143. 404055 1912.744 1 197. 6785617 765. 0976
JEXE 25.944715 | 131.326787 1092.493 | 192. 8139728 | 436.9972
=R 42.071623 139. 43268 1681. 035 | 196. 5569598 672. 414
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TH S 24.825582 | 125.145344 1726.663 | 196. 7896178 690. 6652
RE 26.592577 | 127. 240358 1488. 686 | 195. 5014868 595. 4744
IMEE 33. 190706 | 129. 090335 1432.404 | 195. 1667353 572. 9616
1EiE 38.060525 | 138. 414155 1267.377 | 194. 1035412 506. 9508
R3S 33.013606 | 129. 192354 1415.599 | 195. 0642298 566. 2396
BB RFE 26.167442 | 127. 293201 1488.69 | 195. 5015103 595. 476
KRR 24.059835 | 123. 805629 1878.242 | 197. 5205121 751. 2968
RIS 26.722701 | 127.786999 1433.18 | 195. 1714398 573. 272

4) VERA AKBLAIS

A 4 |z, VERA JCRBIHIE 225 OEINZEHE & 2R L, Mhicd s X o, &4T 5
VD L ORRIEICH B A C, EAREEEED & ORRE D B 2 2 ALE T E 5, KT, FEMlOEREE & |
P2 CEREEIC N 3 2 AR ZERBR R ORAREIZ D WTH IR L.

lAF-1

MRS (lom) (21 J
—_— :

2 VERAAERS

nw

A 4 VERA AEERRIR & ENZEEREIRERE

22 (from VERA AKSS) B RE R EERE (km) BBZERAK (dB) ARUBE (dB)
VERA ARERAIR 31.747879 | 130. 439906 0 0 0
RRERR 35. 549517 | 139.785472 963. 435 | 191. 7218743 385. 374
R HERR 35. 777116 | 140. 382969 1023.102 | 192. 2438044 |  409. 2408
R rEE R 34. 430525 | 135. 231963 537.168 | 186. 6476316 214.8672
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e fE 33.585874 | 130. 450823 203. 838 | 178. 2311565 81.5352
ABE 26.194672 | 127. 646002 672.957 | 188. 6051736 269. 1828
T 42.78602 | 141.679941 1576. 428 | 195. 9989079 630. 5712
KIRERRE 34.781943 | 135. 440151 574.573 | 187. 2323325 229. 8292
&R E 34.857858 | 136. 805603 685. 677 | 188. 7678189 274.2108
RS 31. 803467 | 130. 719292 27.167 | 160. 7559601 10. 8668
s 38. 140129 | 140.913879 1189.61 | 193. 5535176 475. 844
RER 32.837377 | 130.855112 126.989 | 174.120819 50. 7956
= 31.877093 | 131.448669 96. 586 | 171. 7438368 38. 6344
2HE 35. 256324 136. 92377 716.957 | 189. 1552891 286. 7828
NI 33. 826553 | 132.700707 313.019 | 181. 956851 125. 2076
R 32. 917253 129.913 138. 838 | 174. 8956547 55. 5352
E 34. 632652 | 135. 224456 548.912 | 186. 8354831 219. 5648
win 37. 956305 | 139. 109947 1049. 355 | 192. 4638745 419.742
HaE 24.396457 | 124.244999 1016.618 | 192. 188841 406. 6472
INE 34.596078 | 135. 598251 575. 419 | 187. 2451122 230. 1676
IN= 34. 435661 | 132.919671 377.397 | 183. 5814111 150. 9588
PN 33.479845 | 131.737191 227.407 | 179. 1815245 90. 9628
e 33. 845754 | 131.035122 239.237 | 179. 6220126 95. 6948
(ST 34.214153 | 134.015791 431.839 | 184. 7518688 172. 7356
ENEE 41.770294 | 140. 8211439 1445.537 | 195. 2460095 578.2148
=% 33. 546083 | 133. 669408 362. 699 | 183. 2363609 145. 0796
E 39. 615734 | 140. 219085 1241.755 | 193. 9261438 496. 702
MR 36. 394918 | 136. 407557 754.102 | 189. 5940286 301. 6408
=] 24.7782711 | 125.294979 921.981 | 191. 3402599 368. 7924
E 40.733797 | 140. 689547 1355. 633 | 194. 6882688 542. 2532
'/X 28.431822 | 129.713134 374.21 | 183. 5078167 149. 684
Bk (FL1R) 43. 117547 | 141.381123 1587.601 | 196. 0602524 635. 0404
LN 42.732546 | 143.218076 1661. 026 | 196. 4529551 664. 4104
HE 35.413514 | 132.889648 465. 809 | 185. 4095878 186. 3236
Bk 35.67233 | 139.527681 947. 644 | 191. 5783303 379. 0576
fiE] 1L 34.75678 | 133. 855019 461.069 | 185. 3207502 184. 4276
it& 39.429292 | 141.135419 1288.975 | 194. 2503154 515.59
E8 33. 149668 | 130. 302462 155. 987 | 175. 9072429 62. 3948
il 43.040846 | 144.192979 1743.021 | 196. 8714775 697. 2084
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s 34.132769 | 134. 606851 470. 887 | 185. 5037642 188. 3548
FfE 34.795916 | 138. 189805 796.921 | 190. 0737334 318. 7684
2 i Al 43.880168 | 144.164246 1804.378 | 197. 1719755 721.77512
BS 37.228021 | 140. 427863 1099. 547 | 192. 8697072 439. 8188
11}i7 38. 412086 140. 37149 1167.918 | 193. 3936725 467.1672
IO=FER 33. 930009 | 131.278983 254.429 | 180. 1567755 101. 7716
F5fe) 34.590858 | 133.933323 453. 361 | 185. 1743138 181. 3444
= 36. 648648 | 137.187364 825.582 | 190. 3806307 330. 2328
KF ER 35.493482 | 133. 239365 489.912 | 185. 8477912 195. 9648
B 43.670501 | 142. 447337 1690. 956 | 196. 6080718 676. 3824
B 36.166751 | 137.9226471 847.258 | 190. 6058527 338. 9032
& 34.284703 | 129. 330645 299.822 | 181.582706 119. 9288
&+ 36. 142799 | 136. 223922 723.287 | 189. 2316401 289. 3148
i (BE) 36. 181189 | 140. 415605 1044.132 | 192. 4205338 417. 6528
AXE 26. 363955 | 126. 713975 698. 254 | 188. 9257506 279. 3016
mes 27.835841 | 128.881129 459. 065 | 185. 2829141 183. 626
&L 32. 667182 128. 83333 182.579 | 171. 2745466 73.0316
BAE 30. 385145 | 130. 659758 152.533 | 175. 1127471 61.0132
BE 35.530101 | 134.165294 543. 442 | 186. 7484926 217. 3768
[EE =P 33. 662534 | 135. 364255 508.127 | 186.164875 203. 2508
PN 34.781532 | 139. 360019 896. 196 | 191. 0934862 358. 4784
=E 34.146344 | 132.247268 315.136 | 182. 0153972 126. 0544
ERN 38. 812362 | 139. 787039 1155.241 | 193.2988774 | 462. 0964
N\XE 33.1151562 | 139.786104 891.65 | 191.0501913 356. 66
ok R &R 27.430901 | 128.705102 507.15 | 186. 1486188 202. 86
EFE 30. 605345 | 130. 991067 137. 141 | 174.7897445 54. 8564
B5% 35.512871 | 134.787023 580. 441 | 187. 3205927 232. 1764
ER 28.321694 | 129. 928165 382.992 | 183. 7093099 153. 1968
= 40.703205 | 141.369154 1395.282 | 194. 9386651 558. 1128
XE 32.482195 | 130. 159284 85. 627 | 170. 6977766 34. 2508
iR 43.577526 | 144.960024 1829.116 197. 29025 131. 6464
e 37.29323 | 136. 961666 858.017 | 190. 715345 343. 2068
5 27.043781 | 128.401819 557. 637 | 186. 9724601 223. 0548
EBE 24.467324 | 122.979483 1089. 457 | 192. 7897186 435.7828
30 45.404522 | 141. 802501 1806.616 | 197. 1827421 122. 6464
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=£5 34.071994 | 139. 559758 890. 848 | 191. 0414983 356. 3392
] 34.369538 | 139. 268635 873.903 | 190. 8746908 349. 5612
HES 34.189411 | 139. 133461 856. 296 | 190. 6979061 342.5184
ak 34. 676412 131. 78989 348.32 | 182. 885002 139. 328
5157 36. 178421 | 133. 323571 558. 983 | 186. 9933999 223.5932
=57 33. 748686 | 129. 785437 230.204 | 179. 2877042 92. 0816
REEREHN 40. 19175 140. 37156 1294.548 | 194. 2877886 517.8192
BAR 25.846804 | 131. 263481 658. 955 | 188. 4225424 263. 582
% R 24.653418 | 124. 675463 968. 316 | 191. 7658843 387. 3264
RORR 33.026302 | 131. 505465 173.636 | 176. 8382672 69. 4544
FR 45.24188 | 141.187328 1763.529 | 196. 9730772 705. 4116
5] 44.303823 | 143. 404055 1794.76 | 197. 1255527 717.904
JEXE 25.944715 | 131. 326787 648.972 | 188. 2899466 259. 5888
=R 42.071623 139. 43268 1396. 32 | 194. 9451244 558. 528
TH S 24.825582 | 125.145344 926. 102 | 191. 3786025 370. 4408
RE 26.592577 | 127. 240358 650. 574 | 188. 3113615 260. 2296
IMEE 33.190706 | 129. 090335 204.2 | 178. 2468815 81.68
1EiE 38.060525 | 138. 414155 1009.949 | 192. 1314147 403. 9796
R3S 33.013606 | 129.192354 182.975 | 1717.2970681 73.19
BB R FE 26.167442 | 127. 293201 690. 283 | 188. 8265106 276. 1132
R ER A 24.059835 | 123. 805629 1072.938 | 192. 6570185 429. 1752
RIS 26.722701 | 127.786999 613. 731 | 187. 8049887 245. 4924
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(5) VERA 3 B &I
A5

(2. VERA HIEEBIE 2O OENZE#E L Oz R L 72, MHicd s L oHIiT, 4T

% 22D DRI H B 2T [EREEEED E ORRE D B 2 {BE T & 5, RITIT, GO RRREL |
fF-2 CEREEIC N3 2 AR ZERBR R ORAREIZ D WTH IR L .

R PERE (1o VERAT ARG

EEEM k) (&)

VERARIES S ; -

g ® i e
A5 VERA BIEER & EIRNZEEREIR

2= (from VERA RIEGR) RE RE R EERE (km) BBZERAK (dB) ARUBE (dB)
VERA BIEEELAIR 24.41219 | 124. 170904 0 0 0
RER 35.549517 | 130.785472 | 1943.476 | 197.8170083 | 777.3904
R EER 35.777116 | 140.382969 | 2002.307 | 198.076038 | ~800.9228
PATa R 34.430525 | 135.231963 | 1542.297 | 195.8087849 | 616.9188
i 33.585874 | 130.450823 | 1186.027 | 193.5273162 | 474.4108
NE 26.194672 | 127.646002 |  401.78| 184.125191 |  160.712
#F 42.78602 | 141.679941 |  2595.22 | 200.3289083 | 1038.088
AIRE 34.781943 | 135.440151 | 1582.935 | 196.0346863 |  633.174
P BRI 34.857858 | 136.805603 | 1681.669 | 196.560235 | 672. 6676
BRE 31.803467 | 130.719292 | 1041.076 | 192. 3951625 | 416. 4304
e 38.140129 | 140.913879 | 2197.327 | 198.8833185 | 878, 9308
ES 32.837377 | 130.855112 | 1139.117 | 193.1768284 |  455. 6468
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= 31.877093 | 131.448669 1092. 685 | 192. 8153243 437.074
2EE 35. 256324 136. 92377 1718.579 | 196. 7488147 | 687.4316
NI 33. 826553 | 132.700707 1332.19 | 194.536748 532. 876
RIG 32. 917253 129.913 1096. 554 | 192. 8460251 438. 6216
E 34. 632652 | 135. 224456 1557.21 | 195. 8923683 622. 884
wis 37. 956305 | 139. 109947 2063. 944 | 198. 3393829 | 825.5776
HaE 24.396457 | 124.244999 7.711 | 149.7879838 3. 0844
INE 34.596078 | 135. 598251 1579. 446 | 196. 0155203 | 631. 7784
IN= 34. 435661 | 132.919671 1396. 864 | 194.9485089 | 558. 7456
PN 33.479845 | 131.737191 1245.717 | 193.9538125 |  498. 2868
e 33. 845754 | 131.035122 1239.944 | 193. 9134661 495. 9776
(ST 34.214153 | 134.015791 1445.74 | 195. 2472307 578. 296
ENEE 41.770294 | 140. 8211439 2464.775 | 199. 8809703 985. 91
=% 33. 546083 | 133. 669408 1370. 355 | 194. 7820864 548. 142
E 39. 615734 | 140. 219085 2259.984 | 199.127532 | 903. 9936
IV 36. 394918 | 136. 407557 1770.795 | 197. 0087904 708. 318
=] 247782711 | 125.294979 121.017 | 173. 7024048 48. 4068
& 40.733797 | 140. 689547 2375.084 | 199.5590043 |  950. 0336
'/X 28.431822 | 129.713134 709.75 | 189. 0675327 283.9
Bk (FL1R) 43. 117547 | 141.381123 2605. 308 | 200. 3626061 | 1042.1232
LN 42.732546 | 143.218076 2680. 569 | 200. 6099655 | 1072.2276
HE 35.413514 | 132.889648 1480.362 | 195.4527832 | 592.1448
Bk 35.67233 | 139.527681 1932.414 | 197.7674282 | 7712.9656
fiE] 1L 34.75678 | 133. 855019 1479.847 | 195.4497616 | 591.9388
its 39.429292 | 141.135419 2304.288 | 199.2961599 | 921.7152
E8 33. 149668 | 130. 302462 1137.915 | 193. 1676211 455. 166
il 43.040846 | 144.192979 2162. 379 200. 87109 | 1104.9516
s 34.132769 | 134. 606851 1477.831 | 195. 4379201 591. 1324
FfE 34.795916 | 138. 189805 1776.7 | 197.0377139 710. 68
2 i Al 43.880168 | 144.164246 2823.872 | 201.0623248 | 1129. 5488
BS 37.228021 | 140. 427863 2100. 775 | 198. 4930169 840. 31
11}i7 38. 412086 140. 37149 2180.226 | 198.815455 |  872.0904
IO=FER 33. 930009 | 131.278983 1260. 465 | 194. 0560405 504. 186
E5fe) 34.590858 | 133.933323 1471.017 | 195.3977785 | 588. 4068
= 36. 648648 | 137. 187364 1840.33 | 197. 3433388 736. 132
KF ER 35.493482 | 133. 239365 1506. 677 | 195. 6058278 | 602. 6708
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B 43.670501 | 142.447337 2709.272 | 200.702477 | 1083.7088
7NN 36. 166751 | 137.922647 1853.042 | 197.4031514 | 741.2168
1 34.284703 | 129. 330645 1203.031 | 193. 6509619 | 481.2124
&+ 36. 142799 | 136. 223922 1739.326 | 196. 8530444 |  695. 7304
i (BE) 36. 181189 | 140. 415605 2030. 437 | 198. 1972151 812.1748
AXE 26. 363955 | 126. 713975 335.002 | 182. 5463728 134. 0008
mes 27.835841 | 128.881129 604. 687 | 187.6760373 | 241.8748
&L 32. 667182 128. 83333 1022.031 | 192.2347135 | 408. 8124
BAE 30. 385145 | 130. 659758 921.5 | 191. 3353319 368. 6
BE 35.530101 | 134.165294 1563. 006 | 195. 9246376 | 625. 2024
[ =R 33. 662534 | 135. 364255 1494.674 | 195.536359 | 597. 8696
PN 34.7815632 | 139.360019 1863. 186 | 197.4505489 | 745. 2744
=E 34.146344 | 132.247268 1333.023 | 194.5421775 | 533.2092
ERN 38. 812362 | 139. 787039 2171.795 | 198. 7818012 868. 718
N\XE 33.1151562 | 139.786104 1801.123 | 197.1562954 |  720. 4492
Ik R E 27.430901 | 128.705102 563.992 | 187.0708845 | 225. 5968
EFE 30. 605345 | 130. 991057 961.329 | 191.7028708 | 384.5316
B5% 35.512871 | 134.787023 1599. 033 | 196. 1225751 639. 6132
ER 28.321694 | 129.928165 719.376 | 189. 1845436 | 287. 7504
= 40.703205 | 141.369154 2414.1 | 199. 7005298 965. 64
XE 32.482195 | 130. 159284 1069. 039 | 192. 6252998 | 427.6156
higiE 43.577526 | 144.960024 | 2848.507 | 201. 1377705 | 1139.4028
e 37.29323 | 136.961666 1876.585 | 197. 5127898 750. 634

i 27.043781 | 128.401819 514.956 | 186. 2808279 | 205. 9824
EBE 24.467324 | 122.979483 120. 966 | 173. 6986921 48. 3864
30 45.404522 | 141. 802501 2818.087 | 201. 0445126 | 1127.2348
=£5 34.071994 | 139. 559758 1835.967 | 197. 3227221 734. 3868
] 34.369538 | 139. 268635 1830.953 | 197.2989686 | 732.3812
HES 34.189411 | 139. 133461 1809. 64 | 197. 1972685 723. 856
ak 34. 676412 131. 78989 1355.262 | 194. 6858899 | 542.1048
5157 36. 178421 | 133.3235T1 1571.864 | 195. 9737241 628. 7456
=153 33. 748686 | 129.785437 1169.784 | 193.4075383 | 467.9136
REEREHN 40. 19175 140. 37156 2313.696 | 199. 3315506 | 925. 4784
BAR 25.846804 | 131.263481 132.571 | 189. 3424243 |  293. 0284
% R 24.653418 | 124.675463 57.687 | 167. 2669926 23.0748
RORR 33.026302 | 131. 505465 1192.894 | 193.5774649 | 477.1576
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FR 45.24188 | 141.187328 2773.354 | 200. 9055308 | 1109. 3416
5] 44.303823 | 143. 404055 2813.233 | 201. 0295387 | 1125.2932
FEXE 25.944715 | 131.326787 740. 931 | 189. 4409811 296. 3724
BER 42.071623 139. 43268 2412.233 | 199. 6938098 | 964. 8932
TH S 24.825582 | 125.145344 108. 775 | 172. 7760085 43. 51
RE 26.592577 | 127. 240358 391.852 | 183. 9078674 156. 7408
IMEE 33.190706 | 129.090335 1084.624 | 192.7510089 | 433. 8496
1EiE 38.060525 | 138.414155 2027.386 | 198. 1841535 | 810. 9544
35S 33.013606 | 129. 192354 1071.742 | 192.6472369 | 428. 6968
BB RFE 26.167442 | 127.293201 369. 688 | 183. 4021493 147. 8752
R ER A 24.059835 | 123. 805629 53. 854 | 166. 6697863 21.5416
RIS 26.722701 | 127.786999 444.409 | 185.0011159 177.7636

23.2 ERNZEEERRE L-ERRSELRIFT <39 2 IR R OMEIFER

M

kg, BREEREY VT, BEHBEREO F — L= L WAERY AT L, e KX
BREICEEY E LCoIUERD 3551213, FA 72y 2k 3RIFEERD 2720, Blic 24.1

(b 7z BB ZERIRR KAIRAICIA, Bk 2R L S5 Ee L CRAGEHMEZ R L 72,

FA 7Ty VI kB ETHEK ORI L S#E ]

PUMiZ, ITU-R P.526-14 2|2 L iRk ORIk 2K A 6 (TR, start & stop
. TR ERIT 20, KL AL - MG A by THATH S, stat & stop D [H]
2y BUSRT L0 B H o 7256 &b ECEFZEHRA ¥ b obs & LTk, TIT, start
Y stop EAEALEMOMEE % slope a & L XN EERT ZHEMOMEE % slope b & L.slope b
25 obs ZiEET 3 X5 AEMRICE VT, start 25 EHANCIER L2 E DR AH % intercept y
Y LTHE, slope b 7% obs ZEET 2 EHICE VTR L slope_a & D73 % diffraction base
point & L. obs & diffraction base point D% H, start & diffraction base point & DOFiffix D1,
diffraction base point & stop & DFfffix D2 &35, THHD T A —=Zhb, factor v FFIH,

iRk Gdiff(dB) %1% %,
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Intercept y \

slope_b EE

sloge' b

ot

stop

diffrac‘-[i;)n base point

A6  FATTyIICKIEHHERER AL

e U Rtz & BT B RN o R 2R A 1 IORTHEH L 72 D1(m),

D2(m), H(m) % T, factor v %55 L. [¥rfEKE Gdiff(dB)=61.16dB DiEHR %1572,

KA1 HTERRZE A~ LT B TR o [T E &
(1) ZAFODL — X — D LEIKRE
freq (GH?) 96.00
A (m) 0.00

(2 R&—bRUR by THiA, Blifths

i =

start(m) 0.00 5.37

obs(m) 113470.00 |  2310.9|7KF 75 1T O [E147 & FEAE
stop(m) 126595.00 1348.2

(3 BRZMHEX
limx @B) 174.09

@ FA 7Ty YICLBEIEKR

slope_a 0.01

slope_b -94.27

intecepty(m) 10699669.95

diffraction base point(m) 113481.74 | 1203.734|x, yEEAZ
D1 (m) 113488.07

D2 (m) 13114.05

H (m) 1107.23

factorv 258.35

Gdiff (dB) 61.16
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(2) EIPNZERE & SRR SCBRE & oW

DUF oIS, W, e & ICHAIE m Zm L, #io Om (3229, R0 —F AR
& B EPRBNR DG T 2 EED» O Ol TH 5., EED OBEERKBNR 2 /A TZ L
ZOWHEHRZRL T h, KT & 0 258, BEFSEREIC TS 2 im0 50 85 %

WERT 2L BTE S,

OHUR ERRZE
HDLFEEREAF VERA 7KiRELEIR
500C 1000 J%
0 50000 100000 150000 0 200000 400000 600000
VERA /NEE[RERRIS VERA AREAB
500 J ] 2000
0 0
0 500000 1000000 1500000 0 500000 1000000 1500000

VERA HIESEAB

0 1000000 2000000 3000000
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Rk H I B2
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0 1000000 2000000
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Al 22
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EREDWTHITE A &, D2 & D B K LB & DRk z ko 24k 2, —KiZL T

KITRT

Eff | BRE | XX EIE Bx

No. & IEEt | BBk | EE PN =X XXE
(km) (dB) (dB) (dB) (dB)
126.6 | 174.1| 50.6| 61.2| 285.9 | Bl 5 ERELHAT
415.3 | 184.4| 166.1| 49.0| 399.5 | VERA /KiREAIR

1 B ER 965.8 | 191.7| 386.3| 36.8| 614.9 | VERA /NEEEARD
963.4 | 191.7| 385.4| 50.3| 627.4 | VERA AXEAR
1943.5 | 197.8| 777.4| 44.2| 1019.4 | VERA BIEEEHARD
173.6 | 176.8| 69.4| 58.5| 304.8 | Tl EREHAT
378.4| 183.6| 151.3| 50.0| 385.0 | VERA /KRELAR

2 | REER 978.6 | 191.9| 391.4 0.0 | 583.3 | VERA /NEEELAD
1023.1 | 192.2| 409.2 | 49.1| 650.6 | VERA AERERAR
2002.3 | 198.1| 800.9| 44.0| 1043.0 | VERA FHIESEHAD
339.6 | 182.7| 135.8| 54.8| 373.2 | BDLFEEREAR
741.2| 189.4| 296.5| 56.6| 542.5 | VERA /REGAR

3 | AEER 1052.5 | 192.5| 421.0| 55.9| 669.3 | VERA /NEEEAID
537.2| 186.6| 214.9| 54.6| 456.1 | VERA AXEAR
1542.3 | 195.8| 616.9 | 46.4| 859.1 | VERA BiEEEHARD
779.3| 189.9| 311.7| 57.0| 558.6 | BDILFEEREAFR
1138.1 | 193.2| 455.2 | 49.9| 698.3 | VERA /KiREAIR

4 | =M@ 1339.5| 194.6| 535.8| 51.4| 781.8 | VERA /VEREAID
203.8| 178.2| 81.5| 55.3| 315.1 | VERA AXEAR
1186.0 | 193.5| 474.4| 48.8| 716.7 | VERA BEEEHAR
1493.3 | 195.5| 597.3 | 58.3| 851.1 | Bl EREAFT
1908.4 | 197.7| 763.4| 55.4| 1016.4 | VERA /KiREAIR

5 | BE 1453.3 | 195.3| 581.3| 32.7| 809.4 | VERA /NEEREAD
673.0| 188.6| 269.2| 32.6| 490.4 | VERA AXEAR
401.8 | 184.1| 160.7 | 58.7| 403.6 | VERA BIEEEHAR
808.1| 190.2| 323.3| 44.8| 558.2 | BDILFEEREAR
408.2 | 184.3| 163.3| 49.2| 396.8 | VERA JKiREAID

6 T .
1741.8 | 196.9| 696.7 | 43.2| 936.8 | VERA /NEEEAD
1576.4 | 196.0| 630.6 | 48.5| 875.1 | VERA AKERAR




2595.2 | 200.3| 1038.1 45.6 | 1284.0 | VERA RIESEAB
304.2 | 181.7| 121.7 57.5| 360.9 | BB ILFEHEERER AT
699.9 | 188.9| 280.0 56.8 | 525.7 | VERA JKiRERRIE
1 KR E R 1070.0 | 192.6 | 428.0 54.8 | 675.4 | VERA /NEIRERRIE
574.6 | 187.2| 229.8 53.4 | 470.4 | VERA AKERAIE
1582.9 | 196.0| 633.2 51.5| 880.7 | VERA RIESEAB
193.5| 171.8 71.4 59.2 | 314.4 | BDLFEHEERERIAT
611.0| 187.8 | 244.4 55.2 | 487.4 | VERA JKiRERRIE
8 HEREIRR 1003.8 | 192.1| 401.5 31.5| 625.1 | VERA /NEIRERRID
685.7| 188.8| 274.3 52.0 | 515.0 | VERA ASKERAIE
1681.7 | 196.6 | 672.7 54.5 | 923.8 | VERA RIESEAB
851.3 | 190.6| 340.5 56.0 | 587.1 | BF@ILFEHERER AT
1245.3 | 194.0| 498.1 51.5 | 743.6 | VERA JKiRERRIE
9 ERS 1230.7 | 193.8 | 492.3 50.5 | 736.6 | VERA /NEIRERRIE
21.2| 160.8 10.9 0.0| 171.6 | VERA ARELAIR
1041.1 192.4| 416.4 61.3 | 670.2 | VERA RIESEAB
326.4| 182.3| 130.6 55.3 | 368.2 | B OILFEHEERERIAT
111.9 | 173.0 44.8 41.2 | 259.0 | VERA /KiREGAIR
10 (1= 1231.3 | 193.9| 492.5 22.0 | 708.3 | VERA /NEIRERRID
1189.6 | 193.6 | 475.8 54.7| 724.1 | VERA ASKERAIE
2197.3 | 198.9| 878.9 51.6 | 1129.4 | VERA RIESEAH
780.4 | 189.9| 312.1 57.1 559. 2 | BFILFH EREAIFT
1159.3 | 193.3 | 463.7 56.9 | 714.0 | VERA JKiRERRIE
11 REK 1267.0 | 194.1 506. 8 57.9 | 758.7 | VERA /NERELAIR
127.0 | 174.1 50. 8 51.9 | 276.9 | VERA AKERAIE
1139.1 193.2 | 455.6 60.5 | 709.4 | VERA RIESEAB
790.5| 190.0| 316.2 52.2 | 558.5 | B ILFEHERERIAT
1190.3 | 193.6| 476.1 53.2 | 722.8 | VERA JKiRERRIE
12 =4 1170.4 | 193.4 | 468.2 0.0| 661.6 | VERA /NERERAIBD
96.6 | 171.7 38.6 50.7 | 261.1 | VERA ASKERAIE
1092.7 | 192.8| 437.1 52.8 | 682.7 | VERA RIESEAB
159.7 | 176.1 63.9 58.4 | 298.4 | BOILFEHEERER AT
569.8 | 187.2| 227.9 57.5 | 472.5 | VERA JKiRERRIE
h aak 1035.9 | 192.4 | 414.4 41.5| 648.2 | VERA /NERERAIBD
717.0| 189.2| 286.8 50.0 | 525.9 | VERA AKERAIE
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1718.6 | 196.7 | 687.4 46.3 | 930.4 | VERA RIESEAR
577.4| 187.3| 231.0 55.5 | 473.7 | BOILFEHEERERI AT
967.2| 191.7| 382.9 53.0 | 627.5 | VERA JKiRERRIE

14 NI 1179.1 193.5| 471.6 54.6 | 719.7 | VERA /NEIREGRIE
313.0| 182.0| 125.2 52.8 | 360.0 | VERA ASKERAIE

1332.2 | 194.5| 532.9 48.6 | 776.0 | VERA RIESEAR
855.0 | 190.7| 342.0 53.6 | 586.3 | B LILFEHERERAT

1222.6 | 193.8 | 489.0 57.6 | 740.4 | VERA JKiRERRIE

15 Ei& 1350.0 | 194.7| 540.0 54.0 | 788.7 | VERA /NEIRERRIE
138.8 | 174.9 95.5 45.6 | 276.1 | VERA AKELAR

1096.6 | 192.8 | 438.6 56.9 | 688.4 | VERA RIESEAB
329.3 | 182.4| 131.7 56.5 | 370.6 | BFOILFEHEERERI AT
725.6 | 189.3| 290.2 56.3 | 535.8 | VERA JKiRERRIE

16 A 1069.9 | 192.6 | 428.0 51.7| 672.3 | VERA /NEIRERRIE
548.9 | 186.8 | 219.6 53.9 | 460.3 | VERA ASKERAIE

1557.2 | 195.9| 622.9 51.0 | 869.8 | VERA RIESEAH
230.4 | 179.3 92.2 55.2 | 326.6 | BFOILFEHERERI AT
219.5| 178.9 81.8 56.3 | 323.0 | VERA JKiRERRIE

17 #im 1239.5| 193.9| 495.8 57.0 | 746.7 | VERA /NEIRERRIE

1049.4 | 192.5| 419.7 47.8 | 660.0 | VERA AKELAR

2063.9 | 198.3| 825.6 51.7 | 1075.6 | VERA RIESEAH

1871.2 | 197.5| 748.5 54.8 | 1000.7 | BB ILFEHERERI AT

2279.1 199.2| 911.6 51.0 | 1161.8 | VERA JKiRERRIE

18 HAE 1826.0 | 197.3| 730.4 0.0 | 927.7 | VERA /NERERAIBD

1016.6 | 192.2| 406.6 0.0| 598.8 | VERA ARELAIR

1.7 149.8 3.1 53.3 | 206.2 | VERA RIESEAH
301.3| 181.6| 120.5 54.8 | 356.9 | Bl ILFEHERERI AT
704.8 | 189.0| 281.9 56.2 | 527.1 | VERA JKiRERRIE
19 INE 1044.9 | 192.4 | 417.9 57.4 | 667.7 | VERA /NEIREGRIE
575.4 | 187.2| 230.2 52.6 | 470.0 | VERA ASKERAIE

1579.4 | 196.0| 631.8 44.6 | 872.4 | VERA RIESEAB
532.6 | 186.6 | 213.0 58.6 | 458.3 | B ILFEHERERIAT
898.9 | 191.1 359.6 56. 1 606. 8 | VERA 7KiREAIS

20 |IEB ;

1205.2 | 193.7| 482.1 53.8 | 729.5 | VERA /NEIRERRIE

377.4| 183.6 | 151.0 55.2 | 389.7 | VERA AKERAIE
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1396.9 | 194.9| 558.7 51.3 | 805.0 | VERA RIESEAR
674.6 | 188.6| 269.9 55.3 | 513.8 | FiDILFEHERENR AT
1050.5 | 192.5| 420.2 56.5 | 669.2 | VERA JKiRERRIE

21 K7 1230.9 | 193.8| 492.4 45.2 | 731.4 | VERA /NERERAIBD
227.4 | 179.2 91.0 55.8 | 325.9 | VERA ASKERAIE
1245.7 | 194.0| 498.3 50.8 | 743.0 | VERA RIESEAB

718.3 | 189.2| 281.3 57.1 533.6 | BFFDILFHERERIFT
1077.3 | 192.7| 430.9 56.9 | 680.6 | VERA JKiRERRIE
23 | R 1307.6 | 194.4| 523.1 45.4 | 762.8 | VERA /NERELAIR
239.2| 179.6 95.7 55.3 | 330.6 | VERA ASKERAIE
1239.9 | 193.9| 496.0 50.7 | 740.6 | VERA RIESEAH
449.41 185.1 179.8 58.2 | 423.0 | FiILFEHERER AN
837.8 | 190.5| 335.1 52.0 | 577.6 | VERA JKiRERRIE
24 =i 1113.3 | 193.0 | 445.3 53.7| 692.0 | VERA /NEIRERRID
431.8 | 184.8| 172.7 53.7 | 411.2 | VERA ASKERAIE
1445.7 | 195.2| 578.3 54.3 | 827.9 | VERA RIESEAB
678.0| 188.7| 2711.2 42.7| 502.5 | BFFiDILFHERERIFT
294.0| 181.4| 117.6 51.3 | 350.3 | VERA JKiRERRIE
25 BHEE 1633.3 | 196.3| 653.3 48.2 | 897.8 | VERA /NERERAIBD
1445.5 | 195.2| 578.2 51.3 | 824.8 | VERA ASKERRIE
2464.8 | 199.9| 985.9 43.3 | 1229.1 | VERA RIESEAB
513.9| 186.3| 205.6 52.7 | 444.5 | FiDILFHEERER AR
912.2 | 191.2| 364.9 956. 1 612.2 | VERA 7KiREAIS
26 =& 1089.0 | 192.8 | 435.6 0.0 | 628.4 | VERA /NERERAIBD
362.7| 183.2| 145.1 49.3 | 377.6 | VERA AKELAR
1370.4 | 194.8 | 548.1 47.9 | 790.8 | VERA RIESEAR
435.5| 184.8| 174.2 49.8 | 408.8 | BFiDILFHEREAIFT
95.2| 171.6 38.1 56.6 | 266.3 | VERA JKiRERRIE
21 A 1401.3 | 195.0| 560.5 53.3 | 808.8 | VERA /NEIRERRIE
1241.8 | 193.9| 496.7 48.5 | 739.2 | VERA AKELAR
2260.0 | 199.1 904.0 48.4 | 1151.5 | VERA RIESEAB
192.4 | 171.7 71.0 64.8 | 319.4 | FiDILFEERER A
28 IV
515.4 | 186.3 | 206.1 55. 1 447.5 | VERA JKiREGAIR
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1168.6 | 193.4 | 467.4 58.0 | 718.8 | VERA /NEIRERHIE
754.1 189.6 | 301.6 51.6 | 542.8 | VERA AKERAIE
1770.8 | 197.0| 708.3 47.4 | 952.7 | VERA RIESEAR
1767.4| 197.0| 707.0 56.9 | 960.8 | B LILFEHEERERIAT
2178.2 | 198.8| 871.3 53.2 | 1123.3 | VERA JKiRERRIE
29 B 1712.9| 196.7| 685.1 0.0 | 881.9 | VERA /NERERAIBD
922.0| 191.3| 368.8 0.0| 560.1 | VERA ARELAIR
121.0 | 173.7 48. 4 57.5| 279.6 | VERA RIESEAB
565.8 | 187.1 226.3 50.8 | 464.2 | BOILFEHEERERIAT
181.7 | 171.2 12.7 58.0 | 307.9 | VERA JKiRERRIE
30 5 1519.7 | 195.7| 607.9 53.0 | 856.6 | VERA /NEIRERRIE
1355.6 | 194.7| 542.3 50.5 | 787.4 | VERA AKERAIE
2375.1 199.6 | 950.0 43.6 | 1193.1 | VERA RIESEAH
1172.1 193.4 | 468.8 58.7 | 721.0 | B@ILFHEERERI AT
1587.1 196. 1 634.8 53.9 | 884.8 | VERA JKiRERRIE
31 =TE 1240.9 | 193.9| 496.4 0.0 | 690.3 | VERA /NERERAIBD
374.2 | 183.5| 149.7 0.0| 333.2| VERA ARELAIR
709.8 | 189.1 283.9 45.3 | 518.3 | VERA HIESEAR
834.6 | 190.5| 333.8 39.8 | 564.1 | B@ILFEHEERER AT
442.9 1 185.0| 177.2 53.8 | 416.0 | VERA JKiRERRIE
32 F 2k (FL1S) 1779.6 | 197.1 711.8 45.0 | 953.9 | VERA /NERERAIBD
1587.6 | 196.1 635.0 51.5| 882.6 | VERA ASKERAIE
2605.3 | 200.4| 1042.1 54.4 | 1296.9 | VERA RIESEAH
867.2 | 190.7| 342.9 48.7 | 582.3 | BFDILFHEREAIFT
436.5| 184.8| 174.6 57.9 | 417.3 | VERA JKiRERRIE
33 Wik 1737.6 | 196.8 | 695.0 52.2 | 944.1 | VERA /NEIRERRIE
1661.0 | 196.5| 664.4 56.7 | 917.6 | VERA ASKERRIE
2680.6 | 200.6 | 1072.2 57.1 | 1329.9 | VERA RIESEAH
508.7| 186.2| 203.5 60.9 | 450.6 | BFDILFEHEERER AT
839. 1 190.5 | 335.6 55.4 | 581.6 | VERA JKiRERRIE
34 HE 1279.5| 194.2 | 511.8 53.9 | 759.9 | VERA /NEIRERRIE
465.8 | 185.4| 186.3 50. 1 421.8 | VERA AEELAIR
1480.4 | 195.5| 592.1 51.0 | 838.6 | VERA RIESEAB
; 100.0 | 172.0 40.0 62.1 274.2 | FDLFHEREBIFT
» e 409.6 | 184.3| 163.8 45.6 | 393.7 | VERA JKiRELAIR

185




985.0| 191.9| 394.0 39.1 625. 1 | VERA /NEIRERAS
947.6 | 191.6| 379.1 62.7 | 633.4 | VERA ASKERRIE
1932.4| 197.8| 713.0 51.7 | 1022.4 | VERA RIESEAH
439.8 | 184.9| 175.9 57.9 | 418.7 | B@ILFHEERERI AT
809.6 | 190.2| 323.8 956. 1 570. 2 | VERA 7KiREAIS
36 & L 1165.6 | 193.4 | 466.2 42.4| 702.0 | VERA /NEIRERAIBD
461.1 185.3 | 184.4 51.0 | 420.7 | VERA ASKERAIE
1479.8 | 195.4| 591.9 47.6 | 835.0 | VERA RIESEAB
452.5 | 1856.2| 181.0 52.5| 418.6 | B OILFHEERERIAT
32.8| 162.4 13.1 47.3 | 222.8 | VERA KIRELAIR
37 s 1372.0| 194.8 | 548.8 48.1 791.7 | VERA /NEIRELAS
1289.0 | 194.3| 515.6 50.2 | 760.0 | VERA ASKERAIE
2304.3 | 199.3| 921.7 48.8 | 1169.8 | VERA RIESEAR
811.1 190.2 | 324.4 54.6 | 569.3 | B OILFEHEERERAT
1178.0 | 193.5| 471.2 57.4 | 722.1 | VERA JKiRERRIE
38 &E 1328.7| 194.5| 531.5 48.8 | 774.8 | VERA /NERERAIBD
156.0 | 175.9 62. 4 50.3 | 288.6 | VERA ASKERAIE
1137.9 | 193.2| 455.2 56.8 | 705.1 | VERA RIESEAB
928.4| 191.4| 371.4 50.2 | 613.0 | BFQILFHEERERIA
504.3 | 186.1 201.7 56.9 | 444.7 | VERA JKiRERRIE
39 i 173 1778.5| 197.0| 711.4 0.0 | 908.4 | VERA /NERERAIBD
1743.0 | 196.9| 697.2 50.9 | 945.0 | VERA ASKERAIE
2762.4 | 200.9| 1105.0 44.5 | 1350.4 | VERA RIESEAR
405.9 | 184.2| 162.4 54.7 | 401.3 | B@ILFEHEERER AT
804.9| 190.2| 322.0 56.6 | 568.7 | VERA JKiRERRIE
40 =5 1067.8 | 192.6 | 427.1 0.0 | 619.7 | VERA /NERERAIBD
470.9 | 185.5| 188.4 59.3 | 433.1 | VERA AKERAIE
1477.8 | 195.4| 591.1 54.2 | 840.7 | VERA RIESEAB
130.0 | 174.3 52.0 57.6 | 283.9 | BFOILFHEERERI AT
548.0| 186.8 | 219.2 56.4 | 462.4 | VERA JKiRERRIE
41 Eed 936.6 | 191.5| 374.6 0.0 | 566.1 | VERA /NERERAIBD
796.9 | 190.1 318.8 56.6 | 565.5 | VERA ASKERRIE
1776.7 | 197.0| 710.7 48.4 | 956.1 | VERA RIESEAB
1006.0 | 192.1| 402.4 48.7 | 643.2 | FFiDILFHERERIFT
42 2 i Al
584.7| 187.4| 233.9 54.7 | 476.0 | VERA JKiRERRIE
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1870.9 | 197.5| 748.4 51.1 996.9 | VERA /NEIRELAS
1804.4 | 197.2| 721.8 52.7 | 971.6 | VERA AKERAIE
2823.9 | 201.1| 1129.5 52.0 | 1382.6 | VERA RIESEAB
225.6 | 179.1 90.2 59.6 | 329.0 | BFOILFHERERI AT
220.3| 178.9 88.1 49.7| 316.7 | VERA KIREGAIR
43 =5 1136.5| 193.2| 454.6 52.0 | 699.7 | VERA /NEIRERRIE
1099.5| 192.9| 439.8 58.6 | 691.3 | VERA ASKERRIE
2100.8 | 198.5| 840.3 53.6 | 1092.4 | VERA RIESEAH
321.6 | 182.2| 128.6 52.5 | 363.3 | B AILFEHEERER AT
103.9 | 172.4 41.5 60.7 | 274.7 | VERA JKiRERRIE
44 iz 1267.2 | 194.1 506. 9 59.8 | 760.7 | VERA /NEIRERRIE
1167.9 | 193.4 | 467.2 53.5 | T714.1 | VERA AKERAIE
2180.2 | 198.8| 872.1 54.8 | 1125.7 | VERA RIESEAB
693.9| 188.9| 271.6 57.8 | 524.2 | BOILFEHEERERIAT
1053.6 | 192.5| 421.4 57.0 | 670.9 | VERA JKiRERRIE
45 [ITme:i 1293.6 | 194.3| 517.4 49.1 760.9 | VERA /NEIRELAIS
254.4| 180.2| 101.8 49.7| 331.6 | VERA AKEAR
1260.5 | 194.1 504. 2 47.9 | 746.2 | VERA RIEESEAR
439.4 184.9| 175.8 56.7 | 417.4 | BDILFEHEERER AT
815.8 | 190.3| 326.3 52.3 | 568.9 | VERA JKiRERRIE
46 FilE] 1147.6 | 193.2 | 459.0 38.7| 690.9 | VERA /NEIRERRID
453.4 185.2| 181.3 52.3 | 418.8 | VERA AKERAIE
1471.0 | 195.4 | 588.4 51.3 | 835.1 | VERA RIESEAB
139.4 | 174.9 55.8 63.9 | 294.6 | BFFLILFEHEERERA
443.2 1 185.0| 1771.3 54.0 | 416.3 | VERA JKiRERRIE
47 =1l 1161.2 | 193.3| 464.5 59.8 | 717.6 | VERA /NEIRERRIE
825.6 | 190.4| 330.2 50.5 | 571.1 | VERA ASKERAIE
1840.3 | 197.3| 1736.1 56.0 | 989.5 | VERA RIESEAR
476. 1 185.6 | 190.4 61.5| 437.5 | BLLFEHEERER AT
807.5| 190.2| 323.0 54.0 | 567.2 | VERA JKiRERRIE
48 KF (ER) 1263.0 | 194.1 505. 2 52.4 | 751.7 | VERA /NEIRERRIE
489.9 | 185.8 | 196.0 52.7 | 434.5 | VERA AKERAIE
1506.7 | 195.6 | 602.7 53. 1 851.4 | VERA RIESERRIE
922.6 | 191.3| 369.0 48.7 | 609.0 | BFiDILFHEREAIFT
49 el 515.7| 186.3 | 206.3 55.0 | 447.6 | VERA JKiRERRIE
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1839.5 | 197.3| 735.8 | 47.9| 981.1 | VERA /NEEEGAID
1691.0 | 196.6| 676.4| 52.1| 925.1 | VERA AEERHD
2709.3 | 200.7| 1083.7| 42.6| 1327.0 | VERA HiEEEHD
55.3| 166.9| 22.1| 68.9| 258.0 | BDILFEHERERF
434.3| 184.8| 173.7| 58.3| 416.8 | VERA ZCRER

50 | #A 1085.2 | 192.8| 434.1| 61.2| 688.0 | VERA /NEEAERAID
847.3| 190.6| 338.9| 64.9| 594.4 | VERA AEELRS
1853.0 | 197.4| 741.2| 60.5| 999.1 | VERA HiEEEAD
853.1| 190.7| 341.2| 51.2| 583.1| BBl EERERFR
1182.5| 193.5| 473.0| 54.0| 720.5 | VERA ZKGRERHIR

51 | HE 1467.8 | 195.4| 587.1| 48.5| 831.0 | VERA /NEE&RAID
209.8 | 181.6| 119.9| 46.4| 347.9 | VERA AEELRS
1203.0 | 193.7| 481.2| 51.1| 725.9 | VERA RiEEEAD
203.8| 178.2| 81.5| 63.3| 323.0 | EDILFEERERF
545.6 | 186.8 | 218.3| 52.6| 457.6 | VERA JKRELES

52 | fE3 1152.8 | 193.3| 461.1| 57.4| 711.8 | VERA /NEEEGAID
723.3| 189.2| 289.3| 50.8| 529.3 | VERA AEELRS
1739.3 | 196.9| 695.7 | 47.9| 940.4 | VERA HiEEERD

T =T T R R e

177.0| 177.0| 70.8| 53.8| 301.6 | BDLTEERENR
333.7| 182.5| 133.5| 51.4| 367.4 | VERA JRELES

54 | T (EE) | 1022.2| 192.2| 408.9 0.0| 601.1 | VERA /NETEARRI
1044.1| 192.4| 417.7| 52.8| 662.9 | VERA AKEHD
2030.4| 198.2| 812.2| 49.0| 1059.4 | VERA FiEEEHR
1542.1| 195.8| 616.8| 54.0| 866.6 | BP0l e ERELRIFR
1952.3 | 197.9| 780.9 | 53.3| 1032.1 | VERA ZGREZHIS

5 | A%kE 1543.5 | 195.8| 617.4| 48.3| 861.5 | VERA /NEEERAID
698.3 | 188.9| 279.3| 47.4| 515.6 | VERA AKELRS
335.0 | 182.5| 134.0| 58.8| 375.4 | VERA HIEEEHD
1276.0 | 194.2| 510.4| 57.9 | 762.4 | Bl ERERF
1689.8 | 196.6| 675.9| 53.9| 926.4 | VERA ZGRELHR

56 | 2B 1320.1| 194.5| 528.0| 45.0| 767.4 | VERA /NEEA&RRID
459.1| 185.3| 183.6| 39.4| 408.3 | VERA AEELHD
604.7| 187.7| 241.9| 59.4| 488.9 | VERA HIEEEA

57 | &I 958.3 | 191.7| 383.3| 54.8| 629.8 | EFDILFEERERF
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1320. 1 194.5| 528.0 57.0 | 779.5 | VERA JKiRERRIE
1431.4 | 195.2| 572.6 50.2 | 817.9 | VERA /NEIRERRIE
182.6 | 171.3 13.0 57.7 | 308.0 | VERA AKERAIE
1022.0 | 192.2| 408.8 55. 1 656. 2 | VERA RIEESERIE
954.0| 191.6| 381.6 52.8 | 626.0 | B OILFEHEERERIAT
1362.4 | 194.7| 545.0 54.0 | 793.7 | VERA JKiRERRIE
58 BAB 1185.8 | 193.5| 474.3 0.0| 667.8 | VERA /NERERAIBD
152.5 | 1715.7 61.0 46.3 | 283.0 | VERA AKELAR
921.5| 191.3| 368.6 60.5| 620.5 | VERA RIESEAB
392.3| 183.9| 156.9 60.7 | 401.6 | BFDILFEHEERER AT
735.3 | 189.4| 294.1 57.8 | 541.2 | VERA JKiRERRIE
59 S 1208.4 | 193.7| 483.4 49.3 | 726.3 | VERA /NERERAIBD
543.4 | 186.7| 217.4 50.0 | 454.1 | VERA ASKERRIE
1563.0 | 195.9| 625.2 48.7 | 869.9 | VERA HIESEAR
380.7| 183.7| 1562.3 59.3 | 395.2 | BFOILFEHERERIAT
797.3 | 190.1 318.9 53.4 | 562.4 | VERA JKiRERRIE
60 EiREaE 981.5| 191.9| 392.6 40.5| 625.0 | VERA /NERERAIBD
508. 1 186.2 | 203.3 54.1 443.5 | VERA AEELAIR
1494.7| 195.5| 597.9 54.7 | 848.1 | VERA RIESEAH
152.2 | 1715.7 60.9 52.9 | 289.4 | BOILFEHEERERI AT
508. 1 186.2 | 203.2 46.5 | 435.9 | VERA JKIREGAIR
61 XE 895. 1 191.1 358.0 57.8 | 606.9 | VERA /NEIRERRIE
896.2 | 191.1 358.5 52.1 601.7 | VERA AKEAIS
1863.2 | 197.5| 745.3 30.2 | 972.9 | VERA RIESEAB
601.8 | 187.6| 240.7 57.3 | 485.7 | BOILFEHERERIAT
967.6 | 191.8| 387.0 59.0 | 637.7 | VERA JKiRERRIE
62 =E 1233.9 | 193.9| 493.5 50.8 | 738.2 | VERA /NEIRERRIE
315.1 182.0| 126.1 54.8 | 362.9 | VERA ASKERAIE
1333.0| 194.5| 533.2 53.7| 781.5 | VERA RIESEAH
338.9| 182.6| 135.6 46.9 | 365.1 | BFiDILFHERERIFT
121.9 | 173.8 48.8 57.9 | 280.4 | VERA JKiRERRIE
63 ER 1319.4 | 194.5| 527.8 55. 1 777. 3 | VERA /NEIRELAS
1155.2 | 193.3 | 462.1 51.8 | 707.2 | VERA ASKERAIE
2171.8 | 198.8| 868.7 43.3 | 1110.8 | VERA RIESEAB
64 I\XE 336.2| 182.6| 134.5 59.6 | 376.7 | BOILFEHEERERIAT
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678.7| 188.7| 2711.5 49.7 | 509.8 | VERA KIRELAIR
707.5| 189.0| 283.0 56.0 | 528.0 | VERA /NEIRERRIE
891.7| 191.1 356. 7 0.0| 547.7 | VERA ARELAIR
1801. 1 197.2| 720.4 54.0 | 971.7 | VERA RIESEAH
I T I A O N
1320.9 | 194.5| 528.4 58.9 | 781.8 | FriDILFEHERENR AN
1735.7| 196.8 | 694.3 55.3 | 946.4 | VERA JKiRERRIE
66 ik RER 1337.8 | 194.6| 535.1 0.0 | 729.7 | VERA /NERERAIBD
507.2 | 186.1 202.9 0.0| 389.0 | VERA ARELAIR
564.0 | 187.1 225.6 53.5 | 466.1 | VERA RIESEAB
914.0| 191.3| 365.6 58.0 | 614.9 | B OILFEHERERI AT
1323.0| 194.5| 529.2 55.5 | 779.1 | VERA JKiRERRIE
67 EFE 1161.9 | 193.4 | 464.7 0.0 | 658.1| VERA /NERERAIBD
137.1 174.8 54.9 59.6 | 289.2 | VERA ASKERAIE
961.3| 191.7| 384.5 46.6 | 622.8 | VERA RIESEAR
336.8 | 182.6| 134.7 61.2 | 378.5 | FiDILFEHERER AT
690.9 | 188.8 | 276.4 57.1 522.3 | VERA JKiREAIS
68 BE 1170.5 | 193.4 | 468.2 51.8 | 713.4 | VERA /NEIRERRIE
580.4 | 187.3| 232.2 56.0 | 475.4 | VERA ASKERAIE
1599.0 | 196.1 639. 6 55.6 | 891.3 | VERA RIESEAB
1167.1 193.4 | 466.8 58.8 | T719.0 | BF@ILFHERERIAT
1583.6 | 196.0| 633.5 53.4 | 882.9 | VERA JKiRERRIE
69 ER 1219.1 193.8 | 487.6 45.7 | 7271.1 | VERA /NERERAIBD
383.0| 183.7| 153.2 0.0| 336.9 | VERA ARELAIR
719.4 | 189.2| 287.8 55.8 | 532.8 | VERA RIESEAR
585.7 | 187.4| 234.3 48.4 | 470.1 | FDILFHERS AR
175.5 | 176.9 70.2 52.5 | 299.7 | VERA JKiRERRIE
70 =iR 1511.8 | 195.6 | 604.7 51.9 | 852.2 | VERA /NEIRERRIE
1395.3 | 194.9| 558.1 47.7| 800.8 | VERA AKELAR
24141 199.7 | 965.6 42.7 | 1208.1 | VERA RIESEAB
o fwe [ ] [ [ [ |
856.5| 190.7| 342.6 56.4 | 589.7 | BILFEHEERERIA
1234.7| 193.9| 493.9 55.3 | 743.0 | VERA JKiRERRIE
& *= 1308.8 | 194.4| 523.5 48.6 | 766.5 | VERA /NERERAIBD
85.6 | 170.7 34.3 51.7 | 256.6 | VERA ASKERAIE
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1069.0 | 192.6| 427.6| 53.9| 674.1|VERA RESEHS
1012.8 | 192.2| 405.1| 46.8| 644.1 | BDLFHEREIFF
588.2 | 187.4| 235.3| 57.6| 480.3 | VERA JKiRELEIR

73 | himz 1845.7 | 197.4| 738.3| 32.7| 968.3 | VERA /INEEEHS
1829.1| 197.3| 731.6| 50.0| 978.9 | VERA ARERAIR
2848.5| 201.1| 1139.4 | 49.9| 1390.5 | VERA FEEELAD
201.6 | 178.1| 80.7| 59.5| 318.3 | BMLFHEREHA
418.4| 184.5| 167.4| 56.1| 407.9 | VERA KiRELEIR

4| e 1234.4 | 193.9| 493.8| 54.9| 742.6 | VERA /INEEEHS
858.0 | 190.7| 343.2| 52.6| 586.5 | VERA ASRERAIR
1876.6 | 197.5| 750.6 | 46.8| 995.0 | VERA RIESERS
1372.9 | 194.8| 549.2 | 57.0| 800.9 | BHDLFEHEREHF
1788.0 | 197.1| 715.2| 52.7| 965.0 | VERA /KiREREIR

5| 5 1369.7 | 194.8 | 547.9 0.0 | 742.6 | VERA /INEEERAIR
557.6 | 187.0| 223.1| 25.9| 4359 | VERA AREREIR
515.0 | 186.3| 206.0| 57.3| 449.5 | VERA RIESEAS
1955.9 | 197.9| 782.4| 51.9| 1032.2 | HDLFH EREHAR
2357.6| 199.5| 943.0| 48.6 | 1191.1 | VERA ZGREHS

6 | 5HE 1949.3 | 197.8| 779.7 0.0 | 977.6 | VERA /NEEERAIR
1089.5 | 192.8 | 435.8 0.0 | 628.6 | VERA AKEEIR
121.0| 173.7| 48.4| 41.2| 2633 |VERA BESEHIR
1087.3 | 192.8| 434.9| 49.9| 677.6 | HDLFHEREF
698.8 | 188.9| 279.5| 48.4| 516.8 | VERA JKiRELEIR

7| #®A 2032.4| 198.2| 813.0| 40.3| 1051.5 | VERA /NERELAIS
1806.6 | 197.2| 722.6| 47.8| 967.6 | VERA ARERAR
2818.1| 201.0| 1127.2| 42.5| 1370.7 | VERA FEEEAD
230.2 | 179.3| 92.1| 55.1| 326.4 | HDLFHEREAF
579.0 | 187.3| 231.6| 47.5| 466.4 | VERA JKiRELEIR

B | =£8 814.6 | 190.3| 325.8 0.0 | 516.1 | VERA /NEEERAIR
890.8 | 191.0| 356.3| 52.9| 600.3 | VERA AREREIR
1836.0 | 197.3| 734.4| 32.3| 964.0 | VERA RESEAS
189.2 | 177.6| 75.7| 57.7| 310.9 | BiLFEERELAR
554.2 | 186.9| 221.7| 46.2| 454.8 | VERA JKRELEIR

19 | He :
854.7| 190.7| 341.9| 41.0| 573.6 | VERA /INEREHS
873.9 | 190.9| 349.6| 50.7| 591.1 | VERA AREREIR
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1831.0

197.

3

132. 4

33.

7

963.4 | VERA RIESERE

203.8| 178.2 81.5 56.4 | 316.1 | FiILFEHERER AT
577.0| 187.3| 230.8 46.1 464.2 | VERA JKiREGAIR
85 HES 840.4 | 190.5| 336.2 0.0 | 526.7 | VERA /NERERAIBD
856.3 | 190.7| 342.5 52.2 | 585.4 | VERA ASKERRIE
1809.6 | 197.2| 723.9 38.2 | 959.3 | VERA RIESEAR
623.6 | 187.9| 249.5 56.6 | 494.0 | Tl ILFEERER AT
967.7| 191.8| 387.1 54.3 | 633.1 | VERA JKiRERRIE
86 58 1302.8 | 194.3| 521.1 51.8 | 767.2 | VERA /NEIRERRIE
348.3 | 182.9| 139.3 49.9 | 372.2 | VERA AKELAR
1355.3 | 194.7| 542.1 45.6 | 782.4 | VERA HIESEAR
464.5| 185.4| 185.8 62.3 | 433.5 | FiDILFEERER AT
762.8 | 189.7| 305.1 55.9 | 550.7 | VERA JKiRERRIE
87 (1153 1312.7| 194.4| 525.1 48.3 | 767.8 | VERA /NERELAIR
569.0| 187.0| 223.6 51.8 | 462.4 | VERA ASKERAIE
1571.9| 196.0| 628.7 45.9 | 870.6 | VERA RIESEAR
830.6 | 190.4 | 332.3 956. 1 578.8 | BFilILFE EIREVR AT
1178.5| 193.5| 471.4 54.4 | 719.3 | VERA JKiRERRIE
88 =157 1402.3 | 195.0 | 560.9 52.8 | 808.7 | VERA /NEIRERHID
230.2 | 179.3 92.1 51.7 | 323.0 | VERA ASKERAIE
1169.8 | 193.4 | 467.9 55.4 | 716.7 | VERA RIESEAH
500.0| 186.0| 200.0 49.6 | 4356 | B LILFEHERB AR
134.4| 174.6 53.8 59.3 | 287.7 | VERA JKiRERRIE
89 KEEREM 1463.0 | 195.4| 585.2 49.2 | 829.7 | VERA /NERERAIBD
1294.5| 194.3| 517.8 51.6 | 763.8 | VERA ASKERRIE
2313.7 199.3| 925.5 45.4 | 1170.2 | VERA RIESEAB
1313.6 | 194.4| 525.5 60.0 | 779.9 | FiDILFEERER AT
90 BAR 1738.5| 196.8 | 695.4 51.9 | 944.2 | VERA JKiRERRIE
1100.5 | 192.9 | 440.2 0.0 | 633.1| VERA /NERERAIBD




659.0 | 188.4| 263.6 34.4 | 486.4 | VERA AKERRIE
732.6 | 189.3| 293.0 50.2 | 532.6 | VERA RIESEAB
1820.6 | 197.2| 728.2 57.1 982.6 | BFDILFHEREAIFT
2229.2 | 199.0| 891.7 53.8 | 1144.5 | VERA JKiRERRIE
91 % R 1777.2 197.0| 710.9 26.3 | 934.3 | VERA /NEIRERRID
968.3 | 191.8| 387.3 0.0| 579.1| VERA ARELAIR
51.7| 167.3 23.1 58.6 | 248.9 | VERA RIESEAR
716.9 | 189.2| 286.8 55. 1 531.0 | BFILFHEREAIFT
1099.4 | 192.9| 439.8 53.7 | 686.4 | VERA JKiRERRIE
92 KRR 1223.5| 193.8 | 489.4 52.5 | 735.7 | VERA /NEIRERRIE
173.6 | 176.8 69.5 58.2 | 304.5 | VERA ASKERAIE
1192.9 | 193.6 | 471.2 57.1 721.8 | VERA RIESERIE
1057.5| 192.5| 423.0 47.9 | 663.4 | BFDILFHERERIFT
678.5| 188.7| 271.4 48.1 508. 1 | VERA 7KiREAIS
93 FlR 2016. 1 198.1 806. 4 45.6 | 1050.2 | VERA /NERERAIBD
1763.5| 197.0| 705.4 49.2 | 951.5 | VERA AKELAR
2773.4 | 200.9| 1109.3 37.5 | 1347.7 | VERA RIESEAH
1018.5 | 192.2| 407.4 55.7 | 655.3 | B OILFEHEERERI AT
604.5| 187.7| 241.8 54.8 | 484.3 | VERA JKiRERAIE
94 AN 1912.7 | 197.7| 765.1 54.2 | 1017.0 | VERA /NEIRERRID
1794.8 | 197.1 177.9 48.8 | 963.9 | VERA AKELAR
2813.2| 201.0| 1125.3 47.1 | 1373.4 | VERA RIESEAB
1301.1 194.3 | 520.4 59.2 | T774.0 | BFQLFEHEERER AT
1725.9 | 196.8 | 690.4 54.0 | 941.1 | VERA JKiRERRIB
95 FEKRE 1092.5| 192.8 | 437.0 0.0 | 629.8 | VERA /NERERAIBD
649.0| 188.3| 259.6 32.7| 480.6 | VERA ASKERAIE
740.9 | 189.4 | 296.4 47.4 | 533.2 | VERA RIEESEAR
685.3 | 188.8| 274.1 52.1 515.0 | BFiDILFH EREAIFT
356.6 | 183.1 142. 6 55.5 | 381.2 | VERA JKiRERRIE
96 e85 1681.0 | 196.6 | 672.4 48.4 | 917.3 | VERA /NERERAIBD
1396.3 | 194.9| 558.5 52.3 | 805.8 | VERA ASKERAIE
2412.2 | 199.7| 964.9 40.1 | 1204.7 | VERA RIESEAB
I LT I A R N
1774.2 | 197.0 | 709.7 58.1 964. 8 | BFFDILFHERERIFT
98 TH S
2184.1 198.8 | 873.7 53.7 | 1126.2 | VERA JKiRERRIE
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1726.7| 196.8 | 690.7 0.0 | 887.5| VERA /NERERAIBD
926. 1 191.4| 370.4 23.3 | 585.1 | VERA ASKERAIE
108.8 | 172.8 43.5 57.4 | 273.7 | VERA RIESEAH
I T A I I R

1487.6 | 195.5| 595.0 57.9 | 848.4 | FilILFEERER AT
1899.3 | 197.6 | 759.7 54.3 | 1011.7 | VERA JKiRERRIE

100 | EE 1488.7 | 195.5| 595.5 42.0 | 833.0 | VERA /NERERAIBD
650.6 | 188.3 | 260.2 0.0| 448.5| VERA ARELAIR
391.9| 183.9| 156.7 58.0 | 398.6 | VERA RIESEAH
913.1 191.3| 365.2 56. 1 612.5 | EilILF & ERER AT
1266.8 | 194.1 506. 7 57.0 | 757.8 | VERA JKiRERRIE

101 IMEE 1432.4| 195.2| 573.0 51.2 | 819.3 | VERA /NERELAIR
204.2 | 178.2 81.7 0.0| 259.9 | VERA ARELAIR
1084.6 | 192.8 | 433.8 53.6 | 680.2 | VERA RIESEAB

234.9 | 179.5 94.0 55.3 | 328.7 | il EHERENR AN
265. 1 180.5| 106.0 55. 1 341.6 | VERA 7KiREAIS
103 | &£ 1267.4 | 194.1 507.0 53.6 | 754.6 | VERA /NEIRERRIE
1009.9 | 192.1| 404.0 50.0 | 646.1 | VERA ASKERAIE
2027.4 | 198.2| 811.0 48.5 | 1057.7 | VERA RIESEAB
911.9| 191.2| 364.8 55.0 | 611.0 | FiILFEHERER AT
1270.3 | 194.1 508. 1 57.9 | 760.1 | VERA JKiRERRIE
104 | £LHE 1415.6 | 195.1 566. 2 49.4 | 810.7 | VERA /NERERAIBD
183.0 | 171.3 13.2 0.0| 250.5 | VERA ARELAIR
1071.7 | 192.6 | 428.7 55.9 | 677.3 | VERA RIESEAB
1518.8 | 195.7| 607.5 58.0 | 861.2 | BFrilILFEHERER AN
1932.6 | 197.8 | 713.0 53.6 | 1024.4 | VERA JKiRERRIE
107 | EBERM 1488.7 | 195.5| 595.5 33.4 | 824.4 | VERA /NEIRERRIE
690.3 | 188.8| 276.1 0.0| 464.9 | VERA ARELAIR
369.7| 183.4| 147.9 59.3 | 390.5 | VERA RIESEAB
1929.0| 197.8 | 711.6 51.7| 1021.1 | iDL FEHERER AR
108 | JKHBM 2336.3 | 199.4 | 934.5 53.5 | 1187.4 | VERA JKiRERRIE
1878.2 | 197.5| 751.3 0.0 | 948.8 | VERA /NERERAIBD
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1072.9 | 192.7| 429.2 0.0| 621.8 | VERA ARELAIR
53.9| 166.7 21.5 36.2 | 224.4 | VERA RIESEAB
1440.2 | 195.2| 576.1 58.3 | 829.6 | FiDILFEHERENR AN
1853.8 | 197.4| 741.5 52.7 | 991.6 | VERA JKiRERRIE
109 | IS 1433.2 | 195.2| 573.3 41.5| 809.9 | VERA /NEIRERAIBD
613.7| 187.8| 245.5 31.8 | 465.1 | VERA ASKERAIE
44441 185.0| 177.8 60.4 | 423.2 | VERA RIESEAH




24.1 BURERRZE & Al HERRZE AR EER
RiT. RRERZEELN O RBAERZE~NDERICHT 28 SARADERETT
COBRITKLT, TATT Y DICKDHEHTRREEH L-#ER. 26.16dB Z5/=.
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0 10000 20000 30000 40000 50000 60000

(1) ZZHEFODL — & — 0 L AR
freq (GHz) 96.00
A (m) 0.00

@ AZ—FRUOR by TH&E EHHS

PEHE B
start(m) 0.00 5.08
obs(m) 57910.00 40.38|7K T 75 11T O [BlH7 Hb 5 B4
stop(m) 59707.00 38.82
() BREMEL
8% (@B) | 167.57

@ F4 7Ty IICLDEIFTEL

slope_a 0.000565
slope_b -1769.62
intecept y(m) 102478770.97
diffraction base point(m) 57910.00 | 32.72453|x, yFEiZ
D1 (m) 57910.01
D2 (m) 1797.01
H (m) 7.66
factorv 4.64
Gdiff (dB) 26.16
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2003.

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 us) 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 1000 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;

f) 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;

i) 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 A Pin the power level Pat the radiometer input that can be detected and measured. The sensitivity

equation is:

= (M

N Aot

APl
P
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 (2)
Thus we may express the sensitivity equation as:

T

A Afot

AT = 3)

where:

T = T4 + Tp
This result applies for one polarization of the radio telescope. 7 is the sum of 7} (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 A7), 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, Sy, 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 ¢/4n £2, where cis 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(dB(W/m?)), are derived from APy by adding:

20log f-158.5  dB (5)

where £(Hz). Syis 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 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 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 2 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 Recommendation 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 §.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), Afis 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 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 GHzis 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.
15 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 A#/ k on the noise temperature of such devices, where 4 and 4 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 4Af/ 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 I'TU-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 A 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 2000 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 dBj, it is necessary to
compare them with values of (epfd+ Gus), where G, 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 A is the wavelength,
to less than 1 ms for intercontinental arrays with L'~ 107 . 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 7 and 7% 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

Mini Sysfem sensntn.flty(z’ Threshold interference levels® ®
Centre Assumed nimum Receiver noise (noise fluctuations)
frequency bandwidth antenna noise temperature Power spectral
£ Af temperature Te Temperature denslz ty Input power pfd Spectral pfd
(MHz) (MHz) ({é‘) (K) AT AP APy Su Af Su
(mK) (dB(W/Hz)) (dBW) (dB(W/m?)) (dB(W/(m? - Hz)))
@ 2) 3) “ ® (6) ()] (L) (&)
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

e e )
Assumed spectral Minimum . . ?1}1](5):::1 ﬂs:;ltsli:t‘ili)tz;)) Threshold interference levels®™ ®
Frequency line channel antenna noise Receiver noise
f bandwidth temperature temperature Power spectral
Tr Temperature . Input power pfd Spectral pfd
(MHz) Af T ) AT density APy SuAf Sn
(kHz) (K) (mK) (@B (A“’,’/SHZ)) (dBW) (dB(W/m?)) (dB(W/(m? - Hz)))

(€)) 2 3 (C)) 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 30 291 -254 -210 -162 -216
23700 250 35 30 291 -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 +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 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 = 1.38 x 107 (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 = 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;
f) 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

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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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;

1) 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 [TU-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
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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 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.
Itis 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
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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 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).
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FIGURE 1

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

zero azimuth

Elevation (degrees)

Horizon Azimuth (degrees) Horizon

RA.1513-01

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
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given in Recommendation [TU-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.

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.

3.3 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
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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 I'TU-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 reso/ves 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 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:

P,

S 171 GI(O-)
epfdG, _ oqpi = 10logjo| D 1010 =L+ G (¢;) (M
i=1 4TCdl-

where:

Ny: number of non-GSO space stations that are visible from the radio
telescope;
i: index of the non-GSO space station considered;
P;: 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;
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Gi():

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;

transmit antenna gain (as a ratio) of the space station considered in the

non-GSO satellite system in the direction of the radio telescope;

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;

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.

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, G, 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.

3.4 Measurement of data loss from weak, pulsed interference
This section specifies the measurement of excess data loss from pulsed interference meeting the
2000s average detrimental spectral-line threshold level specified by Recommendation
ITU-RRA.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,
toss, making an individual measurement. Technical and scientific reasons determine ¢,,, which is
typically a few seconds in duration. In the case where ¢, 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.
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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.

341  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
2000 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 1000 s each. The interference-to-noise ratio is no longer 1/10, as required in
Recommendation ITU-R RA.769, but v/2 /10 in one observation and 0 in the other. This is an
excess data loss of 50%. (The factor is v2 as the average interference is twice as strong in the
affected observation, but the shorter observation’s rms noise is only v/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 Pas:

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 2,4

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

2000s:

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 2= 1 detrimental limit at 2 000 s set by Recommendation I'TU-R RA.769.
Thus, for example, there are exactly 100 observations with ¢, = 20 s within a 2 000 s interval,
whereon (5) guarantees f,min = 200s. As t,mn is 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)
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It is clear from this short-period pulsed signals (z, < 40 s) cannot cause significant excess data loss
above the 2% limit.
The relationship between z.,, ¢, and L% is shown in Fig. 3, above, for excess data loss of 0, 0.02,
0.2, 2 and 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.
34.3 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 v¥/100=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.
344 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 sis 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 /2 fainter than the noise average in 40 s, 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.
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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. As a
corollary, interference that is visible in an isotropic antenna with a few seconds integration is
guaranteed to exceed the detrimental limit when averaged over 2000s, 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 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.

345  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.

34.6  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.
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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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