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Tl ANJATE—HEBEAVITE—ICBE SN L AL, MEEHS
BICHRENGWIENROONDEN, AJIATE—ADA)ITE—HHKBED
BEE, MZEEE 16 RITE D BERERENMVDETHY .. HFREITENT
MZERECEEN GV EMNERSINE LD,

Z Dtk

MERAZETIE, AREGRY SEERGEEDERNPAFINLII LMD, B
BESEAXITOVTIE, BEDAKXICEBELT (. SEOIMERICKELC.
BRRGAREFERATIGEL T D ENEEND, Tz, TOMTENTA—RIC
DNTH, BEMLBBBEEDRBRICH TRIIERET 2DLEETHDIELEDD.
AT A—DfE. B, ARICIEL, O—2—TJL— FICK 2EREILE
BIH5I o, EEECEL, BRBEEHEOMLEDO-OITHEIGHIZEF/N\—
AR -FEBEEFAELT S EPCEEDORLOI-OHISEGHIZEEL—
FAELTEHIENEELL, (BEEHE6SH)

EBIZ. AYaTE2—EBIE, Ea1—HIZkY. MABMLIKRELELS
CEPBEINLI LML, E1—VOERZHEFA. MEREZEOVLELHK
BEEBETHILENEFLY, F. GELEFORAERZE I —YREICE
(THHEBLAKREDERFICELY . HEEREOHEREZRD ZENEELLY,

AN T2 —hIkEDERELFEOEHE
EEZEEDEH
1. ABEBDOHFBRE
ANJOTE—MEBOBIHHES Ky TS3—I T ME, A1) TE2—DORK
FEEE % 180 kt (#9333 km/h) E{RTE L1154 . &K T 0.308 ppm &4 Y (B
EZEH 28R, HELLEL THLRRMDEIEAAEHICINE S -0, BRED
FRREF KU FITHEIT5—RHMGHEKBDREETHSE100 ppm £F5
ENEHTH D,

2212 SRR KB FEROHFAIE

—HEBRTIE, FEEEGREZTTO>-0OXHEZ BPSK &£ L T, FiE % 7.8MHz
UTERE Lz, SBIEICERL TIE, BRAGRARICIE CIEET S FHRECERA
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THERARICKY SBRARBFTHBIKRELL LTSI L EHD, £, &
NEEZEBIEL=H. ARY MLIEBAXOERLEA O, S5ITHFE
DEMNDZENEZALND, COLITKRREBFEFZ, AT —HEFD
SERBRBFRICOVTIE. RAGRRICEBTI2XHHEE2HRT 50, —1#
DEFRELETIC. —RUICHERETEAIATLS & S12. ERZEREER
EECREINTVWSREOEEARICHE L THILTWAHETFE (BEE
#5558 ZEAL. BERBOAFORIIEET A ENBEETHD, 4H.
CDBAEDGEEEEL. O—F—JL—FIZK2EMREN0%THD EEZDEE
REFERT A ENELTHS,

2213. A7) 7 RBERUHEHNEEICHE (T 5FERFOEEDHRME
R FREERUOFEHNEHEICE T EFERFOREDHFAEL. FHE
BRBEZTOBRBEROHBMEL LT, UTITRIREEERE 1228 5 (FiL
17HE10A218) ITHS ZENBETH D,
(1) RTYTFREHICE T EFERFOREDHRIE
50 UW U T RIEEREEBDOFHEA LY 60 dBEELMEO LT MEL < %
LME,
(2) HENEERICHE T2 ERFOBREDHEE
tEREDEL. DEREBFRAICEITS 4 kHz DRRBTEHES-Y DRX
BHEEMNS. 4 kHz DREHFEHIEZ =Y 40 log (2F/BN+1) dB DEE D LY
TNHANSWVADIE, CZT. F IREFRKRETREE FENEHEOERLY &
DEAKREERFTARICENSERBDME.BN [T ILFv U 7DHEIZH>
TRHREFRARMTFREONEE FAFTHBEZETIHEICIEAZINSTHEHED
MiRICHES S EREDSERKRMFREOHFRMBE) . YTILFXFr ) TOHEICH
STIFEIBFEIBEET 5,

2214 EhiEBENDHBRE
ZEHRBENDHBRRE L L TERRBERAUE 14 RITHESNTLSE50 %
LRETEHENMBETHD,

2215 ENEHRHENDHRIE
BREFEICHIT ST ST L0, ERRERAE IS5 FD 21 ZHFX.
FLFEERNECHLELABOEILURNDI N TOABICES SNDEAL.
LTDIELT D ENDBETH S,
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FEEDHTRANCDEEA (6) RANEHNEN (40kHz H1=Y)

25° = 06 <K 7T 33 - 25 log 6 dBW
7= 08 < 92° 12 dBW

92° = B8 <K 48° 36 - 25 log 6 dBW

48° = 6 = 180° -6 dBW

0. TEHDFRANCDEALT S,

BE. AN)ITE—HHRFEOEFRT, BECHEFATHLIAIRHERDH
ZEHIMICERT A ENTEIREZAIT S ELTLDA, BERREN
ALSH5 e, BRAMDOFRFBIZE, RABEFICEODCERREFEZERL
FEZAVWSCENBETH S,

Tl WOBEAR~NDEFBENICEAL ., EXBMABEZFOHRNH 515
BICIK. SEFRELUTTHLICENDETH S,

AN)ITE—EBOEFRRE. NEOROET VT FEFERAT HEENS
WeEEBZ N, TWHEDEBMNLC . TEFANEBRREZEZE L THHIEHNEN

DHBEEZFHRELGTNELGS LN EAD, ARY MLIERARZAWNSC
EI2KY ., BAREZTHAENAMEEZEZ BN D,

2.2.1.6. XRERKESEHOFIE
RERBEBHEANICEHLTIE, TOBEOHEFATHIALIBEZRORER
RADFRBZIRAT D VATLICEELGTFSZE LS BBV LIEIS
BAEIHEMSINDZZEARBETHD. LMALGHNL, A—H—DHBHED
BHEZEOB8RANL. —RICRELTIC. BEREFFREN. ZAORK
DEARREZBEFAT. BETHENBEYITHS-0H. BREFEOFHLEL
THET DBEEGL,

222 REZEOEH

2221 BIRMICEET H2BERFORE
hDEHERBEDHKEICKEZSZ G VREE LT, EHRERHERAE 24 FIZHR
ESNDANWUTET D ENBETHD,

223, ZEHROSH

2231. &5
AN aATE—IKBOEEZEPROR/NMNERMA ., —RLIKE & Rk
. KFEEAL+IEULLET LI ENDBETH S,
A)aATE—KBOMKRBICH T S FMEABEHENOHBMEL. —H&H
BB ERBRICUTDIEET D ENBDETH S,

16



m#s (e) EHEFEAENBENDHFRE
0 0° () 40 dBW/AkHz ¢ shR@AKELUTOBE
00 < B8 = % 40+ 36 dBW/4kHz
0 l&. EEETROEFOFLID RI-MRBOMALT S,

IA IA

2232 Rk
—HEHTE. FKIE., ERFEEXIIARRE LTULA, BERFEOSYE
ELTHRET HRLEMRIIENEEZOND,

2.2.3.3. RERKH A E

RERBBINEIL. R—OHETAKBOBFRAZTOTVWSIYATALIZE
WTEYRATLRATHE LTERGERELGY ., COTHEZHR/NRICHIZ S
SEMNEFELL, VSAT DRATLIZEWVWTIEH, 27dBUEEREESA TS EC
HTHAMN., BIZERARY MIIEHAXZEANSESEICE 10dB BETH TS
THHABELHY. A —h—OHUBEFOEHEZSH 8RN, —#IZH
EETIC. RERREANBEOHFATHSIAIBERDORERRAD Pk
BEARAT D VRATLICEEGTSZELSERVEL 31— EDEZHIDERIC
FEBEFEEENEMNICEEIT S ENELETH D,

BE. RMHBOBRICEWT., XERKED D/U A 10dB £E- TS
N, BREFOHBEGEN DT HFIHALI—DUNBELEEZIOND,

224, B - FIEEEOEH
2.2.41. BMIERHHEE
—EHERTIE, A3 T2 BB, BEREHEZEL, DX TLOE
FICEEOHIBEERE LI EIXELICEEE2ELT IHMEEEETHL
DHEESN TV, BEZHCEEENATVLDII LML, BER - HIEEED
EHELTIE, HETHIBEILLRL,

2242 BRHRBEEDAI VE2 T —R
AN)OATE—DREMITERERT 5=, BREICEIHEB[BIZEVLAILDIHE
FHEESEZTTWNA VAT I—REHRETEHIENEETH DN, BRERED

FHELTHRET ABEFLL,
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3. A&
AT —HEBOERHRBORIEEICOVTIE, BRNTEDONFBIEEIC
HEWMLTUTDERY ETEHENEFLLY,

3.1. EEEE
3.1.1. BARHBDIRE
RSB ERLRADRETHESE., HESTEBARBICHT HREDKK
EZzRDHD, AERGEICIYRERRTHNITERRETRAELTE LU,

3.1.2. SARKHFE

SRR ETEAORETHESIE, ARV MSLTFSAYEAVTAET
2o

AERE7 T FimFRIFAERE=2—InF &9 5.

HERYT SN\ —URERIRELEREICHIE LEFREFSEHBRESER
£ HEFTRET D

RYSTEZERALTVWS5RE,. EDOLHDESEMMLUEIRETRET S
(RE/RE—VREBVHAIBEFXINEEALTHLEN),
REMSILRBRESEI VI LN ERTEDSES LT D,

3.13. RTYTRABERUVFENERICE T 2R ERSGT ORE
LHRETEESE. MEKOTHBEANICHT 2FTERFRASTDTFHE
AREHEMEERANRY FSLTFSAYTRET S, L. HEBERICEL
TERRIZEDAENEBGE S ISRERADIKETRE L. KRICK DIREF
HEAdBICEYRDTIRET S,
IRRUERS & FIIRERDELZRAREBICE TS AZRTERDEHNEAIIT Sl
EREFFOHZFAERD AKkHz Z-YDBENEEICHT AL ET B,

3.14. ZEHRBENDRE
ZRADIRETEREEE LTEFSE., ZERBOENHNDZENFHIEIR
NI ESLTFIAVERAVTHAEL. RESAEETRENEDLEZRD D,
L. FO9T4T71—XRT7L—7oTFD&SC, ERRENEERE
AET D ENRELGZRIL, HoMLOHRAESN-REMBICIYHERLTD
RUL, HABAR—27 0T FTFZRAVTEEEBHENZREL. BB THLHHR—
DT TR, ANVARRVEGRIGHOEFRENERODIFELH
2o
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3.1.5. EHMEHFAEN
314 DEBIZTAE LE-EERBOEAIZ. EEEERVEFROIERFE
DAFZEMZTKD S,

3.2. REEE

321. BIRMIZHKETIEKRGTEDRE
BIRMICHRTZ2ERGTEDREICONTIE, FREBEEHZERREICL,
BIRMIZRT IBEDENE. ARV LSLTFSAFERVWTAET S,
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4. BRBERICET 25&4
A1)y FTIE,
e, BREERIZHf-->TIE—

BHB,

AERBFEORIRBELEHEZ. &R 411277,

% 4-1

14-14.5 GHz O B R B L5 E

TREHELTBHHERFICHORSINTLD KUFZIRT S
REBORRBEDEARICHICEEIT ILE

By B (Gliz) JE W B o 4
s S 5= W 4y B (GHz) R H o B biil t:%faa{; %
(1) (2) (3) (4) (5) (6)
14-14. 25 [EEH R (MBS F2H) 5. 4574 5.457B 5. 484A 14-14. 4 [EEA R (HERD B FH) | BREEEEH
5.506 5.5068 J144A JI29A  J144 INHEER
AT 5. 504 HOEHEER (MR R
BEfE (WEkHH52H) 55048 5.504c 5.508A 0 f ] ey A )
FHFTE BEfEE (MERH»SFH) | EXGHE A
J153B NIEFEB A
5.504A 5.505
14.25-14. 3 [ EME (MERA B 52H) 5.457A 5.457B 5. 484A
5.506 5.506B
SERALAT 5. 504
BEpEE (B O5H) 5.504B 5.506A 5. 5087
FHFTE
5.504A 5.505 b5.508
14.3-14. 4 14.3-14. 4 14.3-14.4
i E [EE R (HiEk HFH) | EE
[ (HiER 7> & 57 H) 5.457A 5. 484A [ EHR (HIERA & F2H)
5.457A 5. 457B 5.506 5. 5068 5.457A 5. 484A
5.484A 5.506 BEhf R (HER) B 52H) 5.506 5.506B
5. 5068 5. 506A Bl 2Bz iRd,)
BE MZEBBEZR<,) | EHVITHEE BENEE (B &)
BEEE (HERD B ) 5.504B  5.506A
5.504B 5. 506A 5. 509A
5. 509A AL T 1
SR TR
5. 504A 5. 504A 5. 504A
14. 4-14. 47 il 58 14.4-14.47 | @& BREIEES
BRI (MERA BFHT) 5.457A 5.457B 5. 484A J144a EEmE bk baE) | BaammEnn T T T T
5.506 5. 5068 JI29A  J144 NIEFEB A
BE (MZEBBEER<) Bk BN (k2R
BlHE (MER2S5H) 5.504B 5.506A 5.509A D7 4—=FV )
FHRTE (FHiA S HER) BE (MZEBBEk<,) |EXBEEEH
/\H—%]%)iﬂ
I, EE EHR
DFEE IR O
T PR ] 6 A2
R N |- L
BbiE (hEk S5 | EREEEEA
5. 504A J153B NEEBH
14.47-14.5 il 5 14.47-14.5  |@|e daamEEsn | ]
EERE (HEkH &) 5.457A 5.457B 5.484A J144A EERE (ko &5 | BRumlE s m
5.506 5. 5068 JI20A J144 NHLEBH
BE (MZEBBEER<) Bk BN (k2R
BB (MERDS52H) 5.504B  5.506A 5. 509A D74 =%V T H)
AR BE (MZEBBakk<,) |EXBEEEH BREE ¥R
HAcoEm
L EE E#R
DFEE RS O
i I [T 4 L
R N |- L
BEEE (MEk) 05 | EXumEEEH
J153B NEEBH
5.149 5.504A BRI

14.0-14.5 GHz %, 2003 FIZFHE S =1
EHRBFEXRB D=

FIEMBIERE
ROWBHAEREIN-LDTHS,

% (WRC-03) [=
COEZEBREICEINT., E

BT

SAMEINTVAERBEOHAZRHLHE LTITU-REISE M1643DBFIESNTEY,
NSy MBI HRRBERDREICE-2TEE L LT,
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BEMNEIZH VT 14.0-145 GHz [F, —REHELLTEE. BEFHE (MIXMHSF
H) RUBE MZEBHZR<) 2. ZREBLELTHEDREE hEIHOFH) &
VERRXXIZHBEINTLND, COHT 14.4-14.5 GHz (2D T, EEBERSR
BIZE 151 &0 2 [THE VLT EE 3000m Kz MITHD &£ EFEBRDEEZITHHEN
CEEENTLEEH. A TE—DERBEEZRFAGE. N Yy bTE
BWICHEARTREGRIKHEFE 14.0-144 GHz THAHAL D E L THAFH DR 1T
Do

BE. ATy FIKEFHFRETOERLRAFTFNTLEN, FEEREZTOEHE
[CIF. BIREESOEXE 1 EHEELEORENMERINDS,

41. BIEREXH

EEHEEHE. KERKR, D2 —XHEMEE. CSHRETY TV VY. 41V
A—Fy MEREDR EBEEEBICLIBERBERFTOIRBEOAIBENER
ZFIEASATWLS,

EEFHEEBLOXAICOVTIE, AYaT2—HBKEMS ATRERICXHT
5FSEHNEBELLD BREEDERICELTX EEEHNDERABELLGY .
EFBLERTIBNALH LN, HMTHBROBRLIY. NI T2—HEFEDE
BlX., BEOHBBOTCAIESLZEFEMOETHIEFEERALTWS I &N
5., REDOMIKBERKRICIKS CEMNTIRETHDH, DO, BEFEEXEHEZT
SAIFHEROFHBEZFERT AU Yy MME, BREERNICED SNT-EE
FERIZCBVWTHEXIIREZMEBLE LTARSN, ABRIKE-EUHTERSINY
(FHILiE 5730,

COE. AN) 2T —thEBEOBMNEMEAEFENZEBSESH. ZFHD
BERE. BHAHFMHOLES. XEENOHBRRECEHEZEET ILENH S,

BE. AR MVILEBAXZAWVSGEIZE. R—EE2CXTLIZEL. B—
AE#HEFATE2IRTCOUMEKBEENSDRITOFEHLANLELZBHESRAT L
CLMBESRTLEDRABTERSINEHBTSHEUTICNMZA ABENH LT,
MBFESRTLEDRABRTEESIN-BMNEMEAEHENORINDOMEZEZEZ T
BRALEWIENUBETHD,

42. BEEFRT - BBEH
14.4-15.35GHz DEKBFICHE LT, BEXRHELE LT, EFEZOEMET
VS UOAREREN 3 T8 ERBEEL TS, T, BBXRHBFLELTIE, B
SBEEXRENKEENVEC o ROEEROMERVHERD O, BEERERZE
BETLHI-ODERBELN 2EFRREEL TS,
EINETNOERBOA A—VZH 4-1 KUK 4-2 [12FT,
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oy

M 4-1 EFBEOEMBIL FSUOARERE (AEEH DA A—D

11G/1M5GH

BUE S NNVIT 9T

1M1G/15GH

1

(R R 1

B 4-2 BREFEHR ZHEET D -HDERE (BEEHE) 01 A—D

ITU-R &1 M.1643 (BZZEHA4SR) TR BEXHEZERALTLLSEETD
EEORBE LEFEANTE, —DOMEMMIKEN SMREICK L THIFHENELE
NREZEEFIUTOEZBATEIG LGV E#HESN TS,

13240506  dB (W/(m?- MHz))  for 0° =96 40°
-112 dB (W/(m? - MHz) )  for 40° < 9 = 90°
0 &, N)aTA—tEBEMSREGFSIN-EROIRAROMEKREIZHS TS

MmEET S,

IA IA

BEABEICEWT, BEXHBIL 144 CHz ZBA DRAKKFICHESINTEY . &
HREERMRATIEESE 3000m K CTIEIBERDEHNZFLT I EESNTNS,

D=, 144GHz LT TERY ABBICE VT ERMNENN LEREEE
METHENEETH S,

SREEDERICELTIE, ZEHNOERXNBELLGLN, A Ta2—i
KEALDHREICHS SNLDE, BHNEHENTHY ., TOHFRERFX. —#F
HRALERELTVWENI &, Ff=, BfEHABROBRIY. A3 T2—0HIK
[CEBRHFEBELIANYITI—THOENRBEOEREL., FEEZTH
2TWAH I e, REXEFETHS 150m TRITLEGRIZEWLNTH, E&E
RMEMERFT S L(F, HITMICAIEEEAOND, (BEEMISHE)
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43. BRRXEH

ENEICEWTERRIXERIL, 1447 GHz 2B Z 2B REHICHEBEINTS
Y, BIRBHERARAIE 151 FD2F 2EHE 4 SOMEICEY .. MEHEMIKE(E.
14.47-145GHz DERBDEREZIEL TWSIERRIXEKROAICHET H52EH
ENLDRELERNTIE, 14.47-145GHz DERDEEFTHEWNWI EESNT
L5,

ITU-R #1E M.1643 Tl&, BRRX EDHRAFEHE LT, 14.47-14.5 GHz Tfil
THMIKBEERT 5158121, ERRXXBORELEZEANTOEEZTHLLEL
NEBERXBEDHTHANLGEEEZ/A I LEHEINTINS F1-.14.47 GHz
UTORRM TME#MIXE ZERT H5EIZE. BERRXXBICH L THN S
BZENREBENUTOEEZERET S2ELDTHNIEL, ITU-R #15E RAT6E9 ITREH
PEBFERXBODENARFZEERV ITUR &1 RAI513 ITRENDT—FERDE
BEmETLDELTRENTHEY ., BERBHEARAE 151 FO2FE2IHES T
CEWVWTHRILEIRESN TS, BREEDERICEL TIE. EEFEH DB
ANBBEELGDHHN, BEEXT - BHEBLEKROEHICKY ., TRREEEZER
T5HEIIFIMMICAIREEEZ OND T EMND, 1447 GHz UEDAN) O T2 —
BN DRERNENNTEREMEEZRHET A LICKIYERRXEHZK LD
MM EERTHIENELUTHD,

190+0.58  dB (W/(m?-150kHz)) for 0° <@ < 10°
-185 dB (W/(m?- 150 kHz))  for 10° < @ < 90°
0 IE. AN AT F—HEENLCRFINE-EROIKRARDHERRIZE TS

MmEET S,

IA IIA

4.4, FEHEXH

k15 F 10 A 29 HOEHBEFBZRZEH. [Ku FZRAVEERE - KEEM
ERERE AT LOEMMEMS] (TEWT, [14.136-14.264 GHz TEERASN T
WAFEHMRXFAMKBEORE LEBRATE, ERICOVTOEESI =&ML
AEDHONDFETHAZERBTOERFBIFLT S EESNTEY ., BREE
RARAIE 151 ZD2E2EE 6 SICEVTIEAKEARKTTIIRBELEZRTO
BROEEFXTHEWN] ZEEsnhTWS,

BRERAICEVWTE, AAERFEICET52FERREFORIE T . FER
LITONA TGN S, FERREFLORRELRIZOVWTREAY ZBERL
LY,
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V EEER
Ku AY T2 —FEBESATLOFMMEH] (TDOWT, BlFDEEY
EH (R) ZRYF LT,
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As BT EfRy FO—5E HLEE
} ” s | RFYZwoBREe a—RL— FEIKE

NB 25F | wme@EsL—TF F5v hI+r—LEHGRE 55
xe5  W5c B EZHEATLHE BREVATLEEE

TR E EH AT LENH 55
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ANy MERIIERE A0S

(B, A+EIE)

K4 E
oy TIE Ypirsd (Jh) BB EAEHEE FIHATAM VY LAAEE 2 —
B BAR | em@mEry FT—YTL— TG —
e EE3 Ei: Of) 1EIRBIERTLE FHATAVLRAFEEL 42—
TERE R EH | sgaEiy ro—20—T TEHRE
BHE HH E- 1%EE AEEERMATEESABIET SEMIE
. BEOL  EEEL BARFMESE ELRXE
I EXTF—8 o8 — AiE
v XE mE | Bh SARSREERE REDE
v B OE= BLERT GHDEREEESRATLBES BERE
" BEE Wi =T (%)
= BIEBHRRATLE AT LAE R HLRE
; sos sos | () IUTFLET AL BiBARBRIMRRE
S LEEES HE
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" T oswE (%) TX T4 T« FOE
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KRR 2025 B KU~ D T2 —BEEE SR T LORKMIHES] (5
+BEH ()

Ku AN T2 —REBEVATLORMHUEHICOVTIE, UTDELY ET
B ENBEHTH D,

1 AYaTa—EKBEOEE
E¥RRMZEHIHER L TERAT SMIXBHTH > T 14.0GHz Z#E X 14.4GHz LI'F
DERBDERZEETLHELD,

2 —HRRIEH
(1) HELHEE
KutiA)a 72 —BEREVATLIZIK. UTOBRENVETH D,

7 ANJaATE—MEEOEFRE. BEOHEFATHIAIHERDAEEH
MICHIERUVEBET DI ENTEEZ3DTH-T. 4ZATIHEREEHEFMIC
BIIRUVEBRET D IENTELULLHHBEIX. EBICEBERDORERHEZZFILT S
WEEEZHETH &,

4 ANYaATF—HEKEIE, ZEEFROFTEHFLABHD T L— RFIZHz540
&3, BEETHIL—FOAMERE > THIREET HiEeErHTH2 &,

D AT —HERBIE., HEEhEREEET SHEEEERZIELIEE
[CRRY. EIEZRBTEIHEEEETH L,

I ANYaTa—ERENMERT IREBRVESF T SENIL. FlEEHERE
DNEET LHHEMESICLE >THIMNICHRESINDILDTHLZ &,

F ANYaT2—HEKBE. BEROEETZHRETIMEZAL. EEZRELS:
LERUVANIBGERERALLEMBIODESFERICRETEHRNESE
2. BEICEROXEFTEELT IMEETRET S &,

B ANYOTE—thEBE, EETEFROTEFHPEHOBERICL LTS,
BENICERORFEELT DHEEEZET S L,

(2) ZIRAAR
ZIRARIE. TORLERALXTHAHZ &,

3 AYaTE—BKBDERRZBEDOSEMH
(1) EEXEDOEH
7 RBRBOHFBERE
29



+100 ppm LLFTHS Z &,
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Rec. ITU-R M.1643 1
SELH4
RECOMMENDATION ITU-R M.1643*

Technical and operational requirements for aircraft earth stations
of aeronautical mobile-satellite service including those
using fixed-satellite service network transponders in
the band 14-14.5 GHz (Earth-to-space)

(2003)

Summary

This Recommendation provides the technical and operational requirements for aircraft earth stations
(AES) of aeronautical mobile-satellite service (AMSS), including those using FSS network
transponders operating in the band 14-14.5 GHz (Earth-to-space), that should be used by
administrations as a technical guideline for establishing conformance requirements for AES and
facilitating their licensing, for worldwide use.

The ITU Radiocommunication Assembly,

considering

a) that various technically and operationally different aeronautical mobile-satellite service
(AMSS) networks have been designed to commence operation in the near future;

b) that these planned AMSS networks may provide access to a variety of broadband
communication applications (Internet, email, internal corporate networks) to and from aircraft on a
global basis;

c) that the aircraft earth station (AES) will operate on national and international airlines
around the world;

d) that circulation of AES is usually a subject of a number of national and international rules
and regulations including satisfactory conformance to a mutually agreed technical standard and
operational requirements;

e) that there is a need for identifying the technical and operational requirements for the
conformance testing of AES;

* NOTE — The Arab Group represented at RA-03 reserves its position on this Recommendation and is not

ready to accept any repercussions with respect to WRC-03 Agenda item 1.11.
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f) that the identification of technical and operational requirements for AES would provide a
common technical basis for facilitating conformance testing of AES by various national and
international authorities and the development of mutual recognition arrangements for conformance
of AES;

g) that the technical and operational requirements need to achieve an acceptable balance
between radio equipment complexity and the need for effective use of the radio-frequency
spectrum,

considering also

a) that in the frequency band 14-14.5 GHz there are allocations to the FSS (Earth-to-space),
radionavigation, fixed and mobile (except aeronautical mobile) services on a primary basis; that
secondary services allocated in the band 14-14.5 GHz or in parts of the band include mobile-
satellite (except aeronautical mobile-satellite) service (Earth-to-space), space research service
(SRS), radio astronomy service (RAS), and radionavigation-satellite service;

b) that there is a requirement to fully protect all primary services and pre-existing systems of
secondary services in the band 14-14.5 GHz;

c) that results of the studies conducted in accordance with Resolution 216 (Rev.WRC-2000)
showed the feasibility of using the band 14-14.5 GHz by AMSS (Earth-to-space) on a secondary
basis under certain conditions and arrangements!;

d) that the identification by ITU-R of technical and operational requirements for AES
operating in the band 14-14.5 GHz could assist administrations to prevent harmful and/or
unacceptable interference to other services;

e) that technical and operational characteristics should be continuously and accurately
measurable and controllable,

recommends

1 that the technical and operational requirements! for aircraft earth stations of AMSS
networks operating in the band 14-14.5 GHz given in Annexes 1 and 2 be used by administrations
as a guideline for:

— establishing conformance requirements for AES;

— facilitating AES operations.

I The characteristics of the typical aircraft earth stations need to fulfil the requirements described in this
Recommendation and, further, need to be within the envelope of those initially published in the
International Frequency Information Circular (BR IFIC) relating to the corresponding FSS network. In the
case that the characteristics are outside of the envelope of those in the initial publication, the required
coordination of such an aircraft earth station needs to be effected in accordance with the current
provisions of the Radio Regulations (RR) and a modified Rule of Procedure as contained in § 2 of the
Rules of Procedure relating to RR No. 11.32, as appropriate.
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Annex 1

Technical and operational requirements for AES of AMSS
networks in the band 14-14.5 GHz (Earth-to-space)

Part A

Essential requirements related to the protection
of FSS networks

1 AMSS networks should be coordinated and operated in such a manner that the aggregate
off-axis e.i.r.p. levels produced by all co-frequency AES within AMSS networks are no greater than
the interference levels that have been published and coordinated for the specific and/or typical earth
station(s) pertaining to FSS networks where FSS transponders are used.

2 The design, coordination and operation of an AES should, at least, account for the
following factors which could vary the aggregate off-axis e.i.r.p. levels generated by the AES:

2.1 mispointing of AES antennas. Where applicable, this includes, at least, effects caused by
bias and latency of their pointing systems, tracking error of closed loop tracking systems,
misalignment between transmit and receive apertures for systems that use separate apertures, and
misalignment between transmit and receive feeds for systems that use combined apertures;

2.2 variations in the antenna pattern of AES. Where applicable, this includes, at least, effects
caused by manufacturing tolerances, ageing of the antenna and environmental effects. AMSS
networks using certain types of AES antennas, such as phased arrays, should account for variation
in antenna pattern with scan angles (elevation and azimuth). Networks using phased arrays should
also account for element phase error, amplitude error and failure rate;

2.3 variations in the transmit e.i.r.p. from AES. Where applicable, this includes, at least, effects
caused by measurement error, control error and latency for closed loop power control systems.
Network control and monitoring centres (NCMCs) that calculate the e.i.r.p. of AES based on the
received signal need to take into account error sources and latency in this calculation. NCMCs that
calculate the e.i.r.p. of AES based on input power must account for measurement error and
reporting latency.

3 AES that use closed loop tracking of the satellite signal need to employ an algorithm that is
resistant to capturing and tracking adjacent satellite signals. AES must immediately inhibit
transmission when they detect that unintended satellite tracking has happened or is about to happen.

4 AES should be subject to the monitoring and control by an NCMC or equivalent facility.
AES must be able to receive at least “enable transmission” and “disable transmission” commands
from the NCMC. AES must automatically cease transmissions immediately on receiving any
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“parameter change” command, which may cause harmful interference during the change, until it
receives an “enable transmission” command from its NCMC. In addition, it should be possible for
the NCMC to monitor the operation of an AES to determine if it is malfunctioning.

5 AES need also to be self-monitoring and, should a fault which can cause harmful
interference to FSS networks be detected, the AES must automatically mute its transmissions.

Part B

Essential requirements related to the protection of the fixed service

In the 14-14.5 GHz frequency band as used by fixed service networks, within line-of-sight of the
territory of an administration where fixed service networks are operating in this band, the maximum
pfd produced at the surface of the Earth by emissions from a single AES, of an AMSS network
should not exceed:

~132+0.5-0 dB(W/(m” - MHz)) for 0 < 40°
-112 dB(W/(m* - MHz)) for 40 < § < 90°

IN

where 0 is the angle of arrival of the radio-frequency wave (degrees above the horizontal).

NOTE 1 — The aforementioned limits relate to the pfd and angles of arrival that would be obtained under
free-space propagation conditions.

NOTE 2 — An e.i.r.p. mask can be derived from the aforementioned pfd mask by applying the method given
in Annex 2 of this Recommendation. Simplification of the resulting e.i.r.p. mask could also be considered.

Part C

Essential requirements related to sharing with the RAS

In order to protect the radio astronomy in the band 14.47-14.5 GHz, AMSS earth stations should
comply with both following measures:

AMSS channels in the 14.47-14.5 GHz band

— AMSS stations do not transmit in the 14.47-14.5 GHz band within line-of-sight of radio
astronomy stations operating within this band;

or,

— if an AMSS operator intends to operate co-frequency within the visibility of the radio
astronomy station, a specific agreement with the radio astronomy station will be needed to
ensure that AMSS AES will meet the requirements of Recommendations ITU-R RA.769
and ITU-R RA.1513 within the 14.47-14.5 GHz band during observations. Where
practicable, this may include advance information to AMSS operators regarding
observation schedules.

AMSS channels in the 14-14.47 GHz band

All AES transmitters on channels in the 14-14.47 GHz band within line-of-sight of radio
astronomy stations during radio astronomy observations have emissions in the band
14.47-14.5 GHz such that they meet the levels and percentage of data loss given in
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Recommendations ITU-R RA.769 and ITU-R RA.1513. Results from studies show that the
following AES pfd levels (dB(W/(m* - 150 kHz))) in the band 14.47-14.5 GHz are
sufficient, with some margin, to meet the radio astronomy pfd levels in Recommendation
ITU-R RA.769 and the percentage of data loss given in Recommendation ITU-R RA.1513,

1.e.:
~190+0.5 - 0 dB(W/(m” - 150 kHz)) for o < 10°
~185 dB(W/(m”* - 150 kHz)) for 10° < @ < 90°

where 0 is the angle of arrival of the radio-frequency wave (degrees above the horizontal).

Such AES pfd levels in the band 14.47-14.5 GHz may be achieved by the AMSS operators through
a combination of reduced AES signal power, sharp filtering, maintaining adequate frequency
separation, or better AES antenna performance.

Part D

Essential requirements related to sharing with the space research service

Coordination agreements should be developed between AMSS and space research systems based on
controlling the emissions levels of the AES in the frequency band used by the SRS systems, and, in
severe cases, may require cessation of AES emissions on frequencies used by the SRS system when
operating in the vicinity of the space research earth station. Specifics of the agreements will vary
based on the characteristics of the individual SRS sites and the AMSS networks.

Annex 2

Derivation of a lower hemisphere e.i.r.p. mask from a pfd mask

In testing AMSS equipment to determine if it meets a given pfd mask, such as the one in Annex 1,
Part B, it may be useful to determine an equivalent e.i.r.p. mask that can be used for testing
purposes.

The pfd mask, pfd(6) where 0 is the angle of arrival (elevation angle) at the Earth’s surface, can be
used to mathematically determine an e.i.r.p. mask, e.i.r.p.(y, H) where vy is the angle below the local
horizontal plane and H is the altitude of the aircraft. This conversion proceeds in two steps. First, y
is converted to an equivalent angle of arrival, 6. Then the length of the propagation path for angle of
arrival 0 is determined and used to calculate the spreading loss for the path and the resulting e.i.r.p.

Step 1: Calculation of an angle of arrival in degrees, 6, from y and H:

0 = arccos((Re + H) cos(y)/Rg)
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where:
6: angle of arrival
Re: earth radius (6378 km)
H: altitude of the aircraft (km)
y: angle below horizontal.

NOTE 1 — If the argument of the arccos function is greater than 1, the propagation path in the direction of the
angle y does not intersect the Earth. In this case, which occurs for values of y of about 3.5° or less, a value
for 0 does not exist and so there is no defined value for the pfd mask.

Step 2: Calculation of the e.i.r.p. value from the defined pfd(0):
d=(RZ +(Rg + H)? =2 Rg(Rg + H) cos(y — 0))"'?

eirp(y, H)=pfd(0) + 10 logyo(4 md?) + 60

where:
d: distance between the AES and the considered point on the Earth’s surface (km)
pfd(0): (dB(W/(m” - MHz)))
e.drp.: (dB(W/MHz)).

The graph in Fig. 1 shows this function for various aircraft altitudes based on the pfd mask provided
in Annex 1, Part B of this Recommendation.

FIGURE 1
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