~23GHz HERILED AT LD XIS~


012162
テキストボックス
別紙１





R =8 R R 5
I EE R r-rrerrerrrrraeraataataansansaataataasssnssnssnraatansannsanss 5
T AR TR v e nrnemramsasmsasassaassannsannsannsasasanassnnssnnnsnnnsnns 5
1. fiﬂ[ﬁ’/l?i\%é%f@*ﬁg ................................................ 5
2. 23GHz %%ff‘%{ﬁﬁ’/Zi’i\'f’F%ﬂIf@*ﬁE .................................. 5
3. ﬁ&ﬁ&Z%A;é%(:fSHé%ﬁ@g% ..................................... 6
I\ *ﬁg;”ﬂ%g ................................................................. 6
AT - - 6
RIART (IV AREHHEEE) svvevvnvnnnnsssssnnsssanssssssnsssasssssnnnssnnnssnnnnns 9
R )L § R R R 10
11 [FUEDCrrrnrnenesnsnanasasnssanasasassnaansnsnsnnnnsnsnnnnnnsnsnnnnnns 10
1.2 CANE CORR A s s rrr st st atsatsatsssssssssassassssssssnssnsnnsnnnns 10
B 2E 23GHz HREBEEV AT AICEIFHFIRAMREIS DN T e rrrrrrreeeeeees 13
21 ROSNBFFIFLEEIZ DUV Trrrrrrrrnnsnnnssssnansssnsssssaasssnnssssnnns 13
22 23GHz HEREEY AT L(BER BEB) DVRT LB -reererrereees 15
E3E MOEEBS AT LEEDHEEEEIZET A T v errrrerraranraraaranaans 16
31 [EET D 23GHz FTDEIR D AT LEE T DN T rrrrrrr s s s anananaasanannnns 16
32 EIBT NSRS ART LEDTF B R s rre s st s s s ta s e anas 18
3.3 %/&fiﬁf’%&o);ﬁf*ﬁg ............................................... 24
B AT 93GHz BEEUEE S AT LD TS e v erraranraraararsasansananss 26
41 _ﬁ}rxbﬂl‘]%ﬁ: ........................................................... 26
49 %ff‘%%ﬁﬁ%@*ﬁflﬁﬂl‘]%1¢ ................................................. 28
4.3 BFEiE resrranraneanttanttanttantaantatasttesttanttantaantaansannnanns 30
’% 5 E ‘—“,f&d)#ﬁ%ﬁ%ﬁ':_ .................................................... 32
Bl 2 (%Ep;rig) ............................................................. 33
oE %t R T 41






I REAEE
BES AT LEERT, BFHRBEFEREME 2024 ST7—TILTLESRTLOKMHISE
#1055 123GHz HERIEED AT LORMSEHE IOV TR Z1T 1=,

I REEK
BlER 1 DEBY,

I REHEE
1. WEV AT LEZERTORE
AEICEATIMEVATLEZEZDREFHEBE. ROEEYTHS

#28E(FERL23F 10 528 8)
23GHz HEIFTEV AT LIZIRDRETERIAL., 23GHz FEBIGEDATLEENE%
'L,

F2E(ER245E18138)
23GHz FEBEEVATLEERXY ., FLMICE TARARERUVBREEERF(FE)
[2DOWTHREEZ(T. RBEDKREEITo1-,

F0MECEFK245%F588A8)
23GHz FEMBGERATLEEXEMOHEICEIET. HEE(R)ERVELEDT-,

E£3ME(ER245E6 13 8)
INTVYIOAAVNDIEREBFEZ . REFZTV. RESEMYFELDT-,

2. 23GHz B EBIGE AT LIEEVTORE
RERICHITARAZRET 51012 23GHz HEBRIGEV AT LIEENZREL -, /E£IT
DIRFTDFBIIRDESYTHY .. BREFAR 2 2R,

E=1E(ER23F11 598)
EEICHE TAREABIE, READEDAIZDODNTRIFIToT=,

F2E(FRL23F 12 A228)
BERICHITAIERMUELS, (FE) RUREERTF (FR) IOV THREZETo1-,

E=I3E(ER24FE2H80)
Bl RBIZHITHBMTHIEE () IOV THREZETo1=,



F 4B (ER 2453 827 8)
BERBREUBIHBICE ITHEMMUEE (B) RUREE (FHR) IOV THRIIEITo =,

E=5E(ERK24F 48 188)
RATRISE M () ISV TREAZTLD. EEIREEFMYEEDT-,

BE.BEVATLEOREFESES, AIRELAIBBRELTCERTHIGEDREEICDONT
DRAFEHET E=0. FEZMDBREZFICKY. ROESY . PRRVISEERELT-,
O |BETFRHRVIRE
(Fp 2311 A228.12A88. ¥245 1 A138.1 A31B.2 A29H)
BRI VRV AT LEDHEEEHFDOREFTo1=,

O BERXTEHRYIRE
(FR23F11A22H.12A8 . FH24E1A138.1A31B.2 A 29 H)
BERRXRBLORTFRUFOREMEIT o1,

O "B TRERVIRE
(Fp 2311 A22B8.12A88. ¥p245 1 A138.1A31B.2 A29H)
AL KEIBEBRHELTERT IGEDHRAFERVBER AT LIZEITAERE N
FDBREEToT=

3. MEVATLEERICEITHERERMEDEHIKR
O 23GHz FEBIEEI AT LDFMHEHIZOLNTOE R Eih
EEHM - ER23FE 11 B11B~1282H
B B EERRENCOERBBROEEFT oM. FEFIIGH, o1,

O MEVATLEESHRE (B)IIHITIEROESE
HEHM - FER 2458 10H8~6 A 8H
B B REESWRER)ICHITIEREEEZTo-HER.6HEOERDIEHAH-T-,

N REHEE
B 1 DEBY,

V REHER
Mr—J I TLES AT LOEMBIEH ID55123GHz HERIGES AT LOFEMBISEH I
DT AR 2 DERBYER (R)ELYFELDT=,



VI

HRBEFSRS HFRESENIEE BEVATLERR #ER
(BF5BE, BFIE B E+EIE)

E & T ERB
£ - FR & ERERAE BIPH %Ki
TENRE | #17 F—8 BEKRE BIPH %
£ B8 HE EF EEREMER QO TUOVHERER #iB
EMER | 2R # #HEZABARCATVH TS BEE
" HRE BH BAKE BETHE R
" Rt W RRERAXE ERIZH Hiz
" FE —ER BRAKRSY BIYE %43
WA TBUE N BHBIETITHAE
" FIfE EA
FHRTA VLRIV T—VFRRF HEFE
Y £ PRk RERIMKE aVE1—4YAIUREH %Ki
" EiR »hzY BHAXE BEIFEH Hix
" =A E- RRIXEXFRZER BEIFMER %R
" Bt EREEHB AR RERKRE BREZHEN &
g HHE @ —BHEEABART—TIILSR FEHARE

"

WH FEa

—MRHAEAERERE EHES

" il #BF EFRIKRE YIMIZITIRHREE &
" WA EF ERFRAE BEBRFH B




Al x& 2

HERBEER MRS MEVRTLER
23GHz B EMRITEV AT LEEY B

A
I~
=]

(WFFBE. BB X E+EE)

K 4 F E BH OB
F £ |FH # (fzt) BART—J 5K ERLCRRITIL—T TEMRE
FTHEKE AR Hz (1) BRCATVH e FEH FB-FH MK
BRE | Rl B Yo Ry T—5- D RT LR () BiHE
" Al k= DX7UTF (%) HEifiFE28K
" E=H BB () BART—TILTLEER EBES
" &8 K EMXXAE BRRXXEARBNEEREIZER KR VLB EBIFT
" USEN L BABERGS RiiBEZERN U I— ZERMBEINE
, N~ RtE3332a=47—2av RTLGR) TUSZFYLTEERKEARE Vo
—LavEENE
" UNTIRE YIRINUZEIRAIL(BR) ENAIUEERVET—0E B EAR
" HWE e (BR)IX-T4-T4F2F BRE TBHEEMEZSERER ( ~24326)
., PR BARER (bR BIEAVISEEXRE BIEAIIEIMER
RAYVOBEITIL—TE
" Bl & KDDI(#) HfiftEAT ERIPE
" Il sk EDFLALIVS=FI T 84— BT IL—T HBE
" A - HAESTEMR) BITRE BHREEHN/=— TO—FN\UFEERR
" T && (MR IXTa4-T4F3F BREH BEREMELTE (24327~ )
" HH #H () PaES—TLaL BfiAHE # ForT—VREHRE




Al




FT1E KRHFDE=

1.1 [XC&HIZ

23GHz T (23.2~23.6GHz) D7—JILTLEBERABBREEI R T LI, th EHEDZ(E
RDBAYRIURETOERR. AIEMARVEE~NDEELGE . BRTOEGENRE T
HEICENTT—TIILTLEDHREEFIZFAINTEY., TOHILERARELTIE,
MAEHEFRBRZERAA R (QPSK) RIE—AEERIRIBZERA A (16QAM) KHIELLIhTLVS,

ME M ETOAIBEANDTEEBITERERT—TILTLEICKDHBR MR DEEE A,
KEREFOBBOLAEIBRLZLE., 23GHz FOEBBIGES AT LERANT, HIEMICRYED
—JEBETIHI—ANEFLTS,

CDESIHBERERFEFZR. T—TILTLERYENI—OTHRASNIEXREEH DB ZEAR
(OFDM) P ARMEE R IRIEZE R (64AQAM) EDTUAINWEBTHF . ERAREEZHE1L
23GHz HCHEMIGET H=OITHBELGEEM P FEIC OV TEEZT -0 D THS,

1.2 INETORE
121 ANYRIURADERIR

ENEOT—TILTLEL, #RENROBHICE TEZEEENREIENELTH
BLTEA, BEREOFEECHEREOTEEITHIET 50BN 62 FICETERE
BERICBOVT I EFvoRIEEICHESIBRTLE DI BUE R ICRE T AT &4
(558 30 B)DER (ABF1 62 &£ 9 A 28 H)WMThih. mEARX. TEXIK. EEHESE
[CEET 2T EENREIN, BRBEICBTEEFroRIUGENTREEH ST,

23GHz HEBRIDED AT LIZDVWTHEZEEZFRINOAYRIVRETIRET HERKIRE
LTREABHOBEEZIFRASINDLSIZH2 = (R 1) AEARELTIE., BRBEHR
ERAV B—FroRILDEREETIDDTH S,

s e o e b T e S e e e e T s
e e o o e e

1 AYRIURADERER

-10 -



122 ZFvoILEIREE

FD®%.T—TILTLEDRBEREB ORI RO EZER T 28R OHRE(C
BLT. BHOFRAORENBONGVGEECEREEEDRIENGEONLGNEGENELT
-, IHL-RRERFZ . AR TLEDAa VA EERERRORIMNEYS ] GERE
102 5)D56M23GHz BEFERIT2ERTLE AV NEEEICHAVWSETE RO HEMAEE ]
D—EERCERL 10F 6 A 29 )M Thi. BIERDEERFERUVZERFEEDOHEM
FHELIBFEINCANEDOEMN. BEE~NODTRREVESEEE~ADZF YU RILEKE
ENAREE ST (K 2)

EEARELTIE, RIBZEH (FDM-SSB) AL, 7HAJ TLEEEEEXZF v RILAE
BICEETH5EDTHD.

______________________________________

O )12 DHEET | OBt EA~ODiE

23GHz

aasj "

[ye)
%}
(2]
=
~

P g e e e e g g e P g S Sl e it o Sl o e e e i et

O%RESEEF DEE

e —————

________________________

2 EF v EEEE

123 =TI TLEBEENFIRTEELERY AT L

=L TLESEENFIATREABREES AT LELTIE, £ 1 DEBY 23GHz H0D
fth(Z 18GHz 4> 60GHz HDIZEL AT LD H D,

18GHz HOEBIGES AT LIF. r—IILTLERZENFATRESIZE. BREE
(¥ BERBRROBRRBELRTILOICRESA, LYTYZEAEN 60MHz IED 170y
HEFIFALTRA 9ch 5% T 5IEMNTES,

— 7. 60GHz DGRV AT LlX BFENENERBELTEMNRFIIFETHILOD,
HAH10mW LI T TH D EMDIREIaEEAS 200m FREICRSN TS,

NNV AT LIZHAT 23GHz HEMRIGIED R T LI, 400MHz DFIHENH D=6, %
FroRIEEN TR THIIE OB REM TOEELARETHI N D, BLEDF
BANEFSh TS,

-11 -



T1 y—JITLEREENF AT EBTES AT LA

23GHz 18GHz ¥ 60GHz
EXA=]: S BERTLE IV BERBEEHA BENENERD
B E XA NHEHEHA
Bk EEE 400MHz FYTYHE 60MHzx 4T A% 9GHz
i =FNiee K 65CH XK 9CH
FroRILE
i CATV ZF v RIILBED | BuiEk/BIERBHEE SYRBBRIEEARVIVIR
BRmE T—R=iE R
MAS—Y BESOWLMEED CATV | -7 DRERMNSHEER | R—LUV I (BEHROER
FYRT—OTYT7OHIK | BFETOFRRER 1E)
-BESOILFER A~ D g A
ZRVEDERIL—F
A)ybk 60GHz THELLEL T fmiE | -60GHz FELLEL TnERRE | BRI RHFENTE,
EEREMRLY, NELY,
“18GHz HELLET DL R | - WAREEMATEE,
# CH A %<ENB,
TAYIb T—TILTLEDLEYESR | -23GHz FLLEBTHE, Rk | -BIEBEHFEZ(TTLVRL
DIEENTERLY, CH A& LENTLY, DT REZZITSHE

" BEXBEEXBRERBORE
MERREH AT HLDICRE,

"Hd,

*18GHz &R 23GHz Hé&
eI HE. XN E
LY,

-12 -




¥ 2F 23GHz FEREBEEVATLOFAMEIZDONT

21 ROLNDHFIARREIZDONT
IRTE. 23GHz FEBREEVRATLIX.TE 1 E BRIFOERI0OLEEY. BREEER. A
HHARUVEBEADGEERLGEICRIAINA TS, LALEAL, h ETORILREADTE
BATICHEW. TORIHERERBICETAEEFRELTCOBRERFIALLT OFDM 4
64QAM DT AIEBHFTETH=—X(H ). FRL 23 FE 3 A 11 BIZRELI-RBAAXRK
EXERT. KERERIZETA25—TILTLEDIGAEIEBFEMD—DELT 23GHz HER
BEVRATLEEFRALEVWELDSEEATF>TNVS (R 4),

4 T RERDIGSEIBAA—D

KE-BEISHLTEYN DERKICH ST B=HICIE EXDBEEBICMA ., AIHRE S T
L (%8B TOEANRFINTND, T, TORME ST L(BER) OEGFIARMREL
LTIEUATOESIBEDONEESND,

O AMAARE L X T A
&L ==

KE-FEERICH 5 A FERR O VI EEICSEI8T 516 O — R iR T A
=2 (B 5 NEEESND, LA A I ET O BEO#RREEEBEL-T

- 13 -



LEHARZERNBRESNTLSEAAETHY. ILEELGE DHFHIZE R ERSND
g TOFANEZLEND,
CDFICHEVRTLFEOFTEHELIFRELGWNENBRELHEICHSTAFIAICDOLNT
X A RTLEDHFEEER-ITENARETH D Fl-. ¥ —TILTLEEEDFr>
FIIVEIEEZEFT LT ITEETHETHBRICREIRAAIREE LD,

5 DM HEEMERDIEREIRAA—D

O AATIHEIRTL
DA E S R T LERI, KE-EERICE T2 —T I EBOYIEREL S
BIBT 5= D—FMLGEEREFRAL—2 (B ) EESNS, ELF ARG, 7—T L
TLEBXEDEIHIRREDCERNEZALND,
AMAAHRE D X T LERRGY | EHICERNERINSMIKICRSLELH ., gD
ATLEEDOERFEEGHER-TIENREICLRIBNLH D, LI=A > T, BT iHEED
F=HBEERELLRTEHLWARIMNLIRVIZHIR T HEABELLLS,

-14 -



2.2 23GHz HEMIEEVATL(BER -BBR) DVATLEBE
HIEI COERFAMEEZRER . 23GHz FRERREEVATLOBERRUVBERIHREK

ZADRSSYAu s p YAV Y (A

=2 23GHz FEBEEVATL(BER BHR) DVATLEBE

o405
EE B
12 1h AR AT i B
= . i i AEBEARE S T L
AT L
. 23.2~23.6GHz 23.2~23.6GHz 23.28~23.52GHz
ﬁmﬁlﬁg | Al -- o oyl sz +H | sz HH
[— (BlZeFHE (Bl 2wE (B HFHEOPR
Bkl A00MHz H41E) A00MHz 42412 240MHz E141E)
RAEECHE 65CH 2] 65CH F2/& 40CH 2%
AIEE IR 5km F2E HE mMEE 5km T2
RAZEDR
1w 5mW 500mW
(==
==8
NSRS TUTF o s o s
e — , INSIRSTUTF INSIRSTUTF
RIETUTF (E#E 30~120cm) X (& ] f
_ (E# 10~30cm) (E# 30~60cm)
v OR—=T7TF

-15 -




FIE MOBBERATLELOHRFEREICEAT S5
31 [¥%E9 5 23GHz HDEMM AT LZHFIZDNT
3.1.1 23GHz D RERHDEI LKA
23GHz FORERBDENZBKRIER 6 DELYTHY. 23GHz HEBRITESATLODTD
HEHEEEEEEEEDERIVINS VAV AT LANFALTEY .. EOFEHIZERRIXMN
BRIEFEEITOTLNS,

|IETNSUR
23GH ERITIE S AT L .
SRT L szgz/ T BER R
(E®E)
23.0 23.2 23.6 24.0
GHz GHz GHz GHz

6 23GHz HIZHITHEREDEN L KR

312 BIEIINSVARAVRAT L
BEVATLII. RTIOERMA—CDEBYERBESES (FITEFTEEETXBR)
N EHNEICEFEFEEMBFECOMEERTHHRIIEIRELTHLITLS, £HBE
NoEREREMBFETCDEEEREIL. ZRkmIEETH D,
NE EFEEVATLOGRIEICKYBEIVINS VAV AT LADGEBRETIE+5T
HIEYDDOHY . TFAN—DFAIEMLEY . BRIV RV AT LIEEAMER

ZH 5,
r “ IR . " E 1
P77 (120cm) ( -« 3
Ht% ____________________
e AFUTHHLER
\ \ 7 TR (REEE—GR)
F 77 (60cm)
50m
o Eg}.%ﬁ
FoTTihEH
EHRE 20m HBBREL LA
(BREEEELE) ! (REELE)
s »
I FE 4 PR B 3km i N 794
—Z (BAOkmIZE) —
BREEECINSFOEL#IEC EREILEORE OSBRI CREINE T -2,

BEINET—ANE L,

7 EETIINSURAVATLOEBERAA—D

- 16 -



313 BRRXXEH

RKAEDLOHHNEINSBREZETHLICKY . REOCTFEEROYERE, SSIZEFF
HZDLODRALGE . FEEAEZHANTE-HDUATLTH D, ZDH5, 23.6GHz~
240GHz 2%, EICTUEZT7 D FERENFELTND, COFEIE. BRRXFICESTIE
BICEETHOERN TEEEREITEHON TOWSBREF LG TS,

F. BEADREMNSBEIN S FIERIEL. FHEERD-HEVERRKIZTNE (KA
R#8) . £f=. MBRAZRELERTL-DICEHETHAT 5,

ERICIXCOEBEBOEREERT S, RIETEHET S REELA T VVE R R XEFDE R
Bh 16 BEELTVWS, FLERRXXEBABIE. X 8 [(TRTELSY . BH.SEEH 1 1C
23GHz FERRXEANRBDO—ERVHUS FEROBEEZ RS,

VERAKGR. KiR10m

E+ iR O<IE

NICTES

ER&6m
8 FLERRXXEBOEHAR

-17 -



32 ERIVISVRAVRTLED TS
321 FHEET/NTA—RIZDINT
F3'. 23GHz BFEBIEEVATLEEBRIVINS VAV AT LOTHERFETSHIC.E
VAT LDOFHEFTRANTA—2DEEE1ToT=,
23GHz HEBEEVAT LD FTHREFA/NTA—R2EL T, /R 22 FEICERSINIZE
BCTHULOLNEVATLEFESELLTEREL Rz, ELHNSA—FIEEK 3 DEEY, (BEEH
2)

%= 3 23GHz BEJIEEI AT LDINGA—2{E

1E H INSA—ARE
HBERT)T AKGRE -33dBm/MHz LLF
HREREBX 1dB
23dBi (€92—7>T7F)
7T EIE 34.5dBi (30cm /NSRS TUTF)
40dBi (60cm /NSRS T7UTF)

Ff=. —HIELT 60em NSRS T TFDIERFFEZR 9 27T,

= ! ! : ! 1 ;
TR
10 fgmEtE (A A)
%—30 i
E—m ; : —
—50 : ! - ﬂ: ! :il: A HH -:. .
i Ll il A0

-180 -160 140120100 -80 60 -40 -20 O 20 40 60 80 100 120 140 160 180
Angle (degree)

9 23GHz BEIEIEL AT LOT o THIgAEE (B Z 60cm)
H. 23GHz FEMIGEVATLDRATYFTALAIZDWTIE VAT LETELTTF S

BEZBZI12T 50 H 10(BEBE VT ARRE) XU 11 CARRTHKRE) D LEY.
ARV RV EEHBTREL-ET IV EAVTREZTICEELT,

-18 -



0

-5

~10 .

—

T -15
I
=
e
£
S -20
=
%
S 25

_30 +

33 — .. AR —_— _I

35 A e —— ——

-40

! |

-45 i i

22 222 224 226228 23 232 234 236 238 24 | 242 244 246 248 25

227 R (GHe) 24.1

X 10 23GHz FEREEATLA(BERRUAARIRE) OREERARIFLIRY ((E5HE)

L% L { dBm/MHz)

_60 + +
63 |— e —-, _————.

65 = frem N ilpan 1_ .

=10

22 222 224 226 228 23 232 234 236 238 24 242 244 246 248 25

|
22.7 B (GHz) 24.1

!
-80 | |
|

X 11 23GHz HEBIEED AT L CGLATIRE) DFEERARINLIRY (HEXHE)

— A EBRBIVISVRVRATLOFHBEFHR/NSA—R2ELTIE, BEFBHINTLSIE
EWULRORATLDEEZERTETAEEL, 7T TR MEICDOWNTIE ITU-REIE F. 699
FRWBIEEL, ELHINTA—RIEIR A DERY, (BEEH 3)

-19 -



R4 BRIVINSVAVATLDINGA—R{E

IHE H INSA—HE
HBRRT)TAHKGRE -10dBm/MHz LLTF
tHEEX 0dB

40dBi (60cm/NSRST7TF)

ToTTHRE S —
46dBi (120cm /NSRS T UTF)

—HIEL T, 60cm /NSRS T T DIERFEZR 12 [2RT,

50

40

30

20 Il

Gain {dBi)

=20
-180 -150 -120 -90 -60 =30 0 30 60 90 120 150 180

Angle (degree)

12 MEIVNSURAVRTLDOT TR (EZ 60cm)

322 FHLEWMEIZDNT
DRATLBIZEFEFHBRFF. W TS RATLOZERELZREELLT BB LYIE
IMEELTFSLEMEZRTET S I/N EEZRAWNSIEN—MIHTHD, Fi=. £IVKF
[ZEWVWTIE, TSI REFBEO T HEETIE.I/N=-10dB FBELTHIEN—HRMT
HEHEZENL, SEIDBREFZENTE. /N=-10dB Zim BT A EEEHELT,
BEERMGETFSLEVMEIL. /N EEE, BT ENRUZERMESTIERNOEHLEK 5
DEBYELIZ LGH . 22 EHBEN TR EERVUFEMEHIN ZIEMRMBIEL
FZENENDIRTLOZREMGEXZANSIEELT,

x5 FHLEMEDEH

22GHz HERIU NSV AV AT L 23GHz HEIFIGED AT L
EZEMETEN -113.8 dBm/MHz -113.8 dBm/MHz
I/N &% -10 dB -10 dB
ZIERMETIEYR 8dB 5dB
FiHLEVME -115.8 dBm/MHz -118.8 dBm/MHz

-20 -



323 FiBiREt

=AIZ. 23GHz FEBEEVATLNLERIVEIV RV RTLADTFHIZDOWNT, B
BRZEEEHEL L 23GHz HFRBEEVATLDREET7 U TTORRAEFEEOAEEEL, T
BLEVMEZHE T AT ERIRIEREZ KO-, (SEEN 4)

COFR MU RTLOTTHFNEXLIZIGEEIZIE 36km~253kmEMEY A E Bt fRER
BEADELELD=H, BERIVINSVAV AT LADT T HEEHEIZDONTEEE T INE
NHEZENHELINELG ST, ZC T EETUT T . RET T T OEECIEMENEE R
T. MG THREETV. T EMREREREL - T BRIV VAV RTLND
23GHz FEBEEVATLADOTFHIZOVWTH, BRRICTFSHRFAETV. FFEMRERE
HELz, (BEEHR )

324 FHREIHER
3241 BEIERICET LT HRETHER
L EDBREAEBFER. 23GHz HEBEEVATLNOE RISV RAVATLADT
BOBEICOVT. B 13 D&IIEKRRERELT, FHRIFDERILER-T=,

23GEBEEVRTL 2GBTSV AL RAT LA

-33dBm/MHz -115.8dBm/MHz

(f5EMIBE 1dB)

’ it R

13 23GHz B ELFIEIEL AT LMD 22GHz HEIE TSV RV AT LADFi%

CCT.Gu( 0 DIE. 23GHZF ERIGILERTLDAE O, FRIDEETTFHHF.
G0 DI, 22GHZHERI VNSV AV AT LDAE O , FRADZIETUTFHHE. B
HZERYEMIE K (@23.2GHz) #Lp., LLECEEYVFICISERIEBERFLsET HE. FiF
NTREREFIERIVISVRVATLDFEHELEVMEZEBZA LGN =OIZIE. RORX%E
mMETOIVELDHD,

-33.0dBm = 1+ Gp(6,) - Lp - Ls + G,,(6,) = -115.8(dBm]

TEHE, RAXDELYELD,

-21 -



G,e(B,)+Gpe(B,)-Lp-Ls = -81.8(dB]

BEETIT, Gpa( 0 )4G,0( 0 )EHitEHIZ . FTEBEIRIEBEZBMICEST=U 5T%H 14
[SRY .=l .Ls=0 &L LoD AHEEEL TS,

60.00

50.00

40,00 pd

30.00

2000 //

10.00

=% )L T TR (dBI)

-10.00

-20.00

1 10 100 1000 10000
EEEE (m)

14 MBI ToTFHIEEMERREROBR
W2, 22GHz HFEBRI VN SVADV AT LA (5FiE) OHENTEFETH 23GHz HELR

BEVAT LTS DFHLEVMEZBALGWEHICOWTIH. B 15 ITRTRREERE
ELT, TihmadnEXLER 1=,

22GEHBIVIIVAVATA 23GEBREERT LA

-10dBm/MHz -118.8dBm/MHz
(¥5EMIBE 1dB)
. =k 5

|\ ’|

15 22GHz BEBR ISV AL AT LMD 23GHz B EIRITES AT LADFi5

I T. Gyl 0 DIFL 22GHZ R BRI VNSV RV AT LDAHE O\ BFREETTTF
B, G0 ). 23CGHz B EIGIEES AT LOAEO , FADZIETTTHIE. BH

-22 -



ZefE8 4k (@23.2GHz) FLp., ILEPCEEMFICLIERIBLRFLsETHE. FiHLELME
FHBALGW=OIZIX. XOKXEHERITIVENDH S,

~10.0dBm + G,o(0 ) —Lp = Ls + G,pe(6,) -1 = - 118.8(dBm/MHz)
FiahHb,. RADELYELD,

Gppo(0 )+ Gpe(6,) —Lp-Ls < -107.8(dB]

SEFETIZ, G,po( 0 )G (0 )EHEEIZ, FrE M RIEBE A tEEhC o= 5 T7% K] 16
[ZRT . 1=2L.Ls =0 &L. LpDAHEEEL TS,

40.00

30.00

20.00 v

10.00

0.00 rags

=10.00

b—5 LT T Hi5 (dBi)

-20.00 P

—-30.00

—40.00

1 10 100 1000 10000
EEBE(m)

16 F—2ILT7 T H1F LT E B fR Rt D BE{%

3242 BYBIZHT LT HRIHER

AR X T LDISS L EHICEBBI NSO AV AT LIZFEEE 240
CENERGIGHICTOFERICIRET A2 &KUY FSEEEETHENTEETH D,

— A ARAIRE S X T LI, FIAEA R ESN TEL BRIV VRV AT LLE
DEBFEEBEB T ENRBICLLAREELAH S0 B 11 ITRTRYBELLARSE
IWRRYZEERTHIEICKYRTYFRFHZERBTIDLELNH D, =1L, |’IREIULS
DAVRTLOEEBICENTIE, ZHBOERAARPCERIZERT S 23GHz HERE
EVATLOERRBEAICIEL-RENETSHICVEETOILELNHD,

BH. BRIV UVRAVRATLND 23GHz HEBRIEEVATLOBER~ADTHIZD
WTIK. BHIRBAITTSEEEREEIDENH D, LH L. 23GHz FRIRTES AT LD
ERFERK. BRIV VRV ATLOERBEREZL TGNV H BRIV URATR
TLOERENSZFRORBEITOIZFOHNIDDETH S,
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33 BRRXEBLDTiHEE
33.1 FHBEHCAWNG/INSA—4
23GHz FEIRIEEV AT LDTFBRETA/NTA—RELTIE BBV RAVRATLE
DFSBREFZAWN LD ERILNGA—FFANSEELT, (BEEH 2)
BERXXEZDOBAUN R TLOFESRFADNSA—2ELTIE, ZIEET7UTTHE
[ 0dBi & LTEHET S & & LT,

332 FHLEWMEIZDONT
ERRNEBEDRERAEL, [TU-REESRAT69-2 (BEEHR6) IZEHLONTWLSC
Ehn, REIELTIDREREZRA NS EELT:, BEFMIZITR 6 ITRT EB Y,
BAFRMGEEICHI->TIE., K YBELVESRKERBNOTH L ELVME-191.6 dBm/MHz &
BUWsIEELT-,

K6 BRRXEHBOFHLELME

ARG ILERER R E A
BRE 23.7GHz 23.8GHz
FiELEWME -174.0 dBm/MHz -191.6 dBm/MHz

333 FiHRETDAE

23GHz WICHBITHIBRRXEFDTFTHLEVMEZ =T -HIZIE. BERZERIEKIELT:
[+ TI&. %9 8,000km DEEFRIERENMLELLD, LHL, ABICFLUEZFLHLDOT. ILESH
[C&HEFTEERELEETHILELT,

IWEEFICKDIBRELTIK, FATITYCETILERAL:, F0ILFHEERE AR (NRO)
45m BERERFICOVTOF SR ZIUEFORFTHARADH S 3 HRITDNTITot=, &
Ee. EXERLbICHE 20m LLTEHELZ, TOHE. BERZEREREXRE1BOETE
KETTREFSHLEVMELZBE TELGWMEELH A LN D ZEDILERTMNRIAD SHHL
BICRETAIDENDHIENHELNTH D, COFERREZRFTZ. 2 REFFETEERE
LT.BERXBODERIZTOVTEED 3 HRITOVWTHEEZHETHIEELIZ. ZZT
F. ZEBE7oTHEREAICH L=,

CCTlE. ERZEREIREBXRICMA T, BFICKPERIE2EFEFTCEERBLTEHELZ &
ZEROMEITOT7AILASTRIOLERFLAELLZWNEE (X1 EO ILERFT CEEL
TW%, (BEEHT)

NODEEFERTIE. WITHMEFSLEVNVEZHR T OBRNFoNTA, BIZH YR
DEFRICOVTILEFICKSEFTERHEZIT oL Z 5. BERERMEHEX L ILE
FIZLDEFERIEZITTEFSLEWVMEZRBETLHWVVMIAAH LS EAHLI LGS
=0 (BEBEHT)

ZZT. HEZHEKRELX L LERTELXETTETFESLEMEEZREE LAEWGE(E.
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23GHz BIMEE R TLDEET7 T TDERAFEZZEL. THLEWMEZRRET S
& éELT=

334 FHIRETHER
3341 BEIEBICET A&ES
23GHZH BERMEE L AT LD O BERXEBADTFHICOVTIE, LROEEIUNS
VAVRATLEDHEZFEDRTERE, 23GHzHBIRIGEVRATLD O \ AEDZEET
DT TRBEG,(0 ). ERRXXEDZET TFTHHB Gy (6,) (=0dBi) . BHZEM
% (@23.6GHz) ZLp. ILEZFICLDEIITEXRZLsET DL, FEHNATERFHINEIRRX
ZHEDTFHLEVNMEZBZALWN=OIZIX. RORE‘E =T VLELNH D,

~ 33.0dBm/MHz + G,ye(0 ) + Gz (0 ,) (F0dB)) = Lp - Ls < - 191.6({dBm/MHz]

Flahb, RADESYELGD,
Gye(0,) + Gxye(B,)(=0dBi) - Lp - Ls < -158.6(dB]

3342 BHB/ICHIT HIRES

WA IRE S AT LDGE L, HEHICERRXERICTFHESI LGN ENHESE
ISR COFERICEETRIEICEYFHERETLHIEET S,

NATRE S RT A, FIAEARESA TE BEVATLELORFESGEER
=9 CEDNREITHLAEEELH D=0 FYBLLARIMNLIRVZERTHILITLY
FiZERBTHIEET D,

B2, 23GHz FITHITAHAZEHEL TS ERRX S METHERT 581, BEX
XEBANDEZEEERT SO, EEEFROIEBERAARICHLBEE T HELLIT.BE
[CCCERRXERFNCHABETSICLICKY T SEEEETEHEETH, BERRLER
ZITHOBRBBDEREEZSEEN 1 I2RET 5,

BHE.EERXNEBZBADTHERFADEODOEZIVITEERL. BRICH->TDSE
LTBHBIENEZOND, (BEEH8)
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%5 4 F 23GHz HEBRZED R T LOEMAEH
41 —RREISH
4.1.1 BREEE
HEREHY. 23GHz H (23.2GHz~23.6GHz) LT B ENBEL TH S,

412 EEAR
REESY . BRBEEARX. BEARXNIRMBEARET I ENBELUTHD,

413 THEAR
REROAKXIZEMLT, e ETORILTLE AV RETHERASNTWSIZEET O RILTL
ECavEARDEXRRERDEZEARX (OFDM) RUT ORI ERTLE DIV REA
KD 64 EEXIRIBEEF (640AM) EFTEDONE L TH S, -, BERTEEBDOLRILDRE
IEEREBBEDR LICAWANAMOYMESIL, ARELTVWAERTLE AV BEDT
CHANVEBEZTDFEFEETHIEBEFBRALXZANDIILEEZEL. RELESERN
AEECHOIBREFLTHENBELATHD,

414 FaEFEOREEE (i ERED
ARICBITAEENRBLRMICE TEIRBHUFATHIZEMND, FrUoRILEEIZD
LVTIE. 23GHz #(23.2GHz~23.6GHz) ICURFE D LSIZL. ERBEDEEFHEEEL-D
DETHEDNBEUTHD, HH. LATTMRE S AT AL, 23.28GHz~2352GHz £F 52 EMN
Y THD,

415 XK R K EER
BEF D 90MHz LI E 770MHz U T D REIEHMFEERATIERTLE D3V BuEERRIZHLY
T.TORINTLEDaVMEDIESZEBETHR AKX TEBEE T HILEEZFRELTLNS
ZEmn, B ERMEERRRIC. BEiET HiE RO BIK #HERE 6MHz LI EET HT LM E
LTHS,

416 EI¥REE
ER—BEHEORBICETIRMEBEDEET SAILTLEDIVREARICLLER
TLEDaVHEZELFTORRBUERBICRIZFHTHDE 16 FHHERFOEH) 2B
THESNTWSZEEFRTFOESTREZHRETHSELDLEL BERCERBOERME (L
BELEWLDET S,

417 BIERE
BAERBLESATOET ORI REREDHREMET & FERAHF KL (D/U)
[£29dBUAELT HIENBEHTH D, B8 BREBEICLDHD/UM 29dBLLT LAEHIFFRHEIZ L.
REREBY 5X 10/ EUTETHENELTHD, (BBEER 9)
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118 BRHBIEH~DES

EREBATIAIE 21 £0 3 TR BEROIALE—BEERADEREOBEN TS
HIZELM SIS TEY, ChIZESE ST AOBRBECKLT, BREEE
BTHEIVRTLEROBRECRETILELNH S,

£71IoRT BRI OREBICBLLEEARCOVTESEEN 10 DERYRHE
Fotb s, EXURETEIET LT+ EBBIEE 159m Bl LS, BRI # %
BT CENTED, DELEREREELN NS A LEETUTFORABMEEE. £
LLF AR B AN ESIEEME R 24E DBYRBEMZHoEET B,

x 7 BHFBE (THERHE 6 57/ OEEME (BRERTRANRE 25D 3D 2) K

iR BEREEDEMNE | HMABEDEMNE | EHRFE
(V/m) (A/m) (mW/cm?)
1.5GHz ~ 300GHz 61.4 0.163 1

419 RE&-EHEMHR%E

ERBEBEENEATLEESNER23E5 B 17 BIZEYFEEH-TH ETIORIL
TLEDIVHMEFEND T L - EHEEICEI IRMMESF IOBRESEDOP T, FHRBUXERE
[CENT. T EEREBEO—HICEREZFBOLRAVOGNTVSIELH LN, ChoDE
BERBEICOWTIE. BRICETAEENERH#HLTREICHE THAKBHFATHLIILHE . &
REDEGEFEREL DD, AL EFH CERDIERERRBEICECIBEZITICE
MEFELL, |EREHINTLVS,

NEZITT. RE-EEUERO-OHOBBEICTOVTEHR LA FZEFHEEZELED
HEEBETICEETH I, ZOMAREINSERRBORENRHE THLIENER
BB, FPIRERZOHEICRVTIIRE#y —TIILOR L - SHEMEEE FDORYIKL
CRIFIZEZDHIENBEHETHS,

-27 -



42 EIRERIEDBAMTHISEY
421 REEHEE
4211 EERRBOHFRRE
HERELY . IX10UTETEHIENBEETH D,

4212 H5FREHBFROGFEE
42121 BETFTIOHILTLE aVREARK
M ETORIBEDRBET AN TLESIVBMEARERBHRELTS5.IMHz £EF 5L

AEHTHD,

42122 TORNARTLEDaVEAR
TFTOANERTLE SavBEA KD 64QAMITU-T J.83 Annex C) Tl L RjLL
—b 5.274Mbps, A—JLATE 13%THY . ARIMLHEIEL 5.95962MHz &7425, LTz
AT ARVMLVHEIBZEERKEEL T 6MHz £THTEABELTHD,

4213 ZEEEN
WMEEBSY WLTET A ENBYETHD, BH. DHARMIRE S XT LIX 5mW
LT RATHEES XT L 500mW L FETAIENT LU THD,

4214 ZHRBENDHBRE
IRTOEBHRERADEBY ., —50%~+20%E T A ENBLETH S,

4215 FEEARINLIRY
NFETORBRTECVWSIRFTOHEMBMEEELRFIL-ER. BB RV A
AIME S RTFLDOBEBICOVTIER 17 ITRITERBY CGABEIBE R TFLOBEE
[ZDOWTIX, B 18 IZTRTESYDEIERRIMNLRARAVERET HENELTH D,

-20

L)L (dBm/MHz)

-25

-30 |

33 o —foo—. A P — ..
[ 1T " E— IS

-40

[ |
I I
22 222 224 228 228 23 232 234 236 238 24 | 242 244 248 248 25

|
22.7 JELE# (GHz) 24.1

-45

17 23GHz BFEBEEI AT LA (BER RV B ARHKE) DREERRILILIRY ($EFHE)
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-20 |

-30

=40

L~ L (dBm/MHz)

-50

-60
63 |—.. . .. ———
65 — o AT T I I —
i
]

-70

1

1
22 222 224 22.6;22.8 23 232 234 236 238 24 ;242 244 246 248 25

; I
327 8B (GHz) 24.1

-80

18 23GHz FEMFIEED AT L GLARIRE) OEERARILILT R (HEXHE)

4216 TEFEFOEBEDHAE
HITOERREFRUNEZSEBLL. FEHNERICE TR ERFTOREDEFAEIX 100
UW LI (BEBHEEIIEIE 1MHz) | AT 7 REEICE TA R EXKFTOEEDHFBEE 50
UW LT ET B,

422 REREE
BIRMIZE T IERFOREL. thOERZIE~DEZEEEEL . BITOEKFKRRA
DEEY . AW LITESTHTENBEETH D,

423 EHIER
4231 xtmEERR
BEIEBIZDOWTIE, BERE 30 T FA—RILDINSGRSToTFHERIFULDFBXIEIE
MEFHERETHIEDOTHHIE, Tz ARATHRE S AT LIZDOVWTIE, BERE 30 B FA—
MILUALE 60 B2 FA—RILUTO/ISRSToTF ., BATRE S X T LIZDOVWTIEE
B0 B FA—FILLULE 30 BV FA—RILUTDONSGRSToTHEEREEDOF EXILE
M EETHIEDOTHDHIE,

4232 ZAMFITZEREE
FIERBEOREGAEFICEL-ERBEOERBFERVMEEETIEOTHDHE,

43 BB RTLEDEESH
431 ERIVISURVATLEDEEENE
ERIVINSVRAVATLEDORESEEIX,. 132 ERIVNSVRADATLEDTFHEET]
DEEY,
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432 BERXEBHEOHEFRM
BRRXEBFBEOEGFREHIL. 133 BERRXEBED T HRFINDESY,

44 BIFEE
ENTEHONIZAEERICELT. ROEBYETEHIENBEHTHD, BH.AERELT
T BEEFTRERND UHF FOERETEEERORET—T LAV FTI—RICAAT
BHEEEELTNAN, EEMARAETI—ADB AL E/0 THBLFEHEL.E/0 Tt
BEEOEMEFETEIIEET S,

441 RRBORE
BEEEREBINOCETTME REEEHICINZ . SIEENWERERKATUET S, 1=
L. BERICTELRNSEE. B ENOERARBELEEETRELAVTAET SIENTE
5,188, RBITROBEREMEEEBZSH5E(E. SFY—FZRAVTAET %,
==L AFC NAAyMEBIZTDOWTIE. EEESRERI OB L MERET EEKICTMZ.
EEHNERBEBETAES S,

442 HAERBEHTEIE

CZHESREBIOBEDLEFEEEEMICMZ ., BONDIARINLSHDEEHICD
WTARIGMLT FSA Y —FZRNVTREEL. ARIMNLAS D LEREUVUTRESIZHITEE
HOFH., FNEFNEEND 05%E L 5FRMELZATET 5,

443 ZHhIRE S

BEEEREBRINOCBEEDOLTRAREEERIINZ ., FIEHINRKRELDIETANESL
RNILEMRTRET, ENFERAVTEREN (WN—RMRIZHH>TIEIN—RMAFEHEN) %
BIET S

BEAFC NAMAOYMEBIIDOWTIL, EEESHKARINOBEDERKEEERICMA.
EEENDPRRELGDIETAANEBLANLEMAKRET,. EAFZAVWTEREHEZAITE
45,

BEESRERIL. ZELENPRKRELEDETAAEELARILEMZIIRELLTNSDH,
—EDNENTEELXFELTIRELHDIEEIE. EEXFELTIEFDANESLANILET
%,

444 FEEARYRLIRY

EEEESREBNOBEDLTRRELEHRICMZ ., ZEHNNRKELDETANESL
RNIVEMATARE T, ARIMLT FIAF—FAVTERE N (NN—RAMNRIZH-TIE/NN—X
FRESENEBIET B, BH . ARVMNLT FIA4HF—D nfEfeFEREIL. HifTMEETE
OoNT-SRHEEBICEE TSI E, -0 X KBEIRBDEFEICE W TH EREFEED
BHECEOTRHEBADEENHDHEE T nREFEHIEZIRLTAELTHLRL CD5
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B.AERFOBRER. AREFEHECLOAERREZSRTEBCEYESLEST
60

445 TERFIORE

BEESREBRIOBEDERFEXEMRICINZ., EEHANRKELDIETAAES
LANILEMATZARET, ARV T F A —Z2AVWTERE AN (WN—ZAMNRIZH - TIEN
—AMNAEHBENZRIET . BE ARIMNLT FIAF—D N fREewHEEIE ., HiTHE
HTEHONI-SHBEFEIEICRET HE, =12, B ERIRBDEEICE W THER-ES
HIEDRIEICK > THEEANDEEN HDIEE L. P EREFERZIRLTRAELTLRL,
COEBEE. TERFOBE. pEEEFEHBEC LD EHEREZSRBRHFEBIEYES L
ELT B,

BHE.BREFYroRILNERBISEETIEEICHOTIL. EIETHIEFYUoRILIZET
BEOERBERPAFCAAIOYMESEMAEBEXEHICMA-IRETAET 5, AlE
FRREEEE X, 30MHz M5 2 REFABETET D, BH. BEREZTALDLHDOILAIEE K
DTFREHDYNATEEED 0.7 EhbETEHIENTESE,, BEREN+RICREME
EETREBRTIHINATREENBONDSZENATEDGS (X, TOREKHERD
BIEZEBTHIENTES, AIEAHFNERRIFFLEELDIBE L. ERRIHFEAE
RinFORDEERZFLHET S,

446 REFEDRIRMICRHNTIERFDRE

ZEZERRIFBFICENT ARV T F IS4 —FZ2AVTAET b &, EEEHRE
HEITHEEE. ZERBICLTHET AL GH, BIRMICE I IBRFOREDAE
FUREE R (L, 30MHz Mo 2 REFKETET %o

BE.EREZRAVDLDFBERKBDTREDVM TEIRED 0.7 EhnedHIE
MTEREN, BERENTDICRBRMBEEZTDERT DAV IBERENFONDE
AEEEATE S G AL, TOEAKBEE DR EZEW T D ENTE S, BIERIEFNEH R
i FERGHGEIE, ER R FEAERmEFORDEBRFLEMIET 5, 2L, RELE
AEWEE L BIEZITHEL,
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BEOE SRORFARE

AREETE M ET ORI BEANDTTEBITIEND., TORILHRMIBICE 1+ HIREFEE.
KERERICEFTE7—TILTLEDGRAEIHDEEFEOREDT-H. 23GHz HERILES
ATLOEMHEGZEEO=D, WA RKEE. BELRAF X (2560AM) DiE A, AIHIRE S T
L (BER) DFEERICE TR AICOVTIL, SIEHEERFAPVETH S,

WA RBEBEICDNTIL, BLDT—TILTLEBEENAA—FYMEHK Y —E XE{ToTLY
PEIREBFEZADE DERARTHAHAEE A D, LMLEM S, 23GHz FFTHIFAATEEAL 400MHz
EDFEE LYTYICHEITEHE. TLEEBDIRE CH MM BAL T HILEEDRENHLHZ LN
5. 21GHz #(21.2~21.4GHz) I E DD BER#HFHEZ LYERICAWSZELGENEZ LN D, 1=
fZL.DOCSISARX (r—TITLEAUA—FYb) DIEBEECGEICBRELGREFARICDONT
T4—ILRIRIERBREITIRE . BICREAZITOIDLENDH D,

256Q0AM ZH .  BICEELZERAAKICDOLTIX. INEFTOD I/ —IILRRERIZHWTIX, BEX
ST DEM C/NEFH=TIENTETLENIEMD, BIZT/—IILRERZZITOLELH
B,

ARE S R T LA (BEE) OFERICEITHFAIIONTIE, BERMGRIAAA—DI2E D

BEHOEEET LT EMERRAZRZEONDREZDRIE AT LELDO FIHEIEH KD
AABETHD,
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B 2024 =

[—TJILTLEL AT LD MBS

D235

[23GHz B ERIEE S AT LD BTHI 4 )
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HBREIE 2024 ST—TIITLEL AT LDEMMEHE I1DSIHB23GHz HERIGE AT LD
BRSOV TR ROEBYETEIENBETHS,

1. —HREOEH
(1) BR#F
23GHz % (23.2GHz~23.6GHz) &9 5,

(2) BEAK
BEr@EEAX. #EARXXERBREEARET D,

(3) ZIRAAK
EXERHBHNENZEAR (OFDM) RV 64 EEXRIRIBE R (64QAM) £F 5, %5, /31Oy
MES L. BERET S,

(4) #ERDRERE (FDERE)
Foo R )LBREIZDLNTIL, 23GHz & (23.2GHz~23.6GHz) [ZURFES LSIZL . BB EDIE
EEEZEBEL-LDET S, 4. RARIRE S X T AL, 23.28GHz~23.52GHz £9 5,

(5) #iRaX K o B Bl P
B9 HiE R0 B R ERE 6MHz L EET D,

(6) EBIERE
RIERELLIX, 29dBULELET B, BHE . FERIBZICELSD/UN 29dBLL T LT ABFMEIERIL, 5
X107/ FELUTET 5,

(7) EKBEEHA~ADES
BRPEEHICEHI DI B EHEETICE,

2. BIRERBEOREMMEY
(1) EEEE
7 EERRMDHERRE
IX10* AT ET D,
1 SARBRBTFREOFAE
ERATORITLESIVUMEAKIE 5.IMHz &L, TORIILERTLE S aVEARKIE
6MHz &9 %,

v ZEHRREN
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WLUTET B, =L, BHBAGES X T LK 5mW LT LBRIRE S X7 LAIX
500mW LA F &9 5,

I ZEFRENDHRRE
—50%~+20% &9 %,

A FIEARIRILIRY
EERRVCOATE S XA TFLOBIHB/IZDOVTIERE 1 ITRITESY . RATHRES
AT LIZDOVWTIERE 2 ITRTEBYET S,

0
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r
10 [ ]
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_30 |8 + 1
33 o ——-- R R
. 1 S B— _.._..__._—I
-40
| I
_a5 | |
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22.7 B # (GHz) 24.1
1 23GHz FEBEEVATL(BERRVAHATTHKE) DEEARTMLIRY (Mt xtE)
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—60
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65 23 it Akl ks
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=70
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=80

22.7 FEE# (GHz) 241
2 23GHz FERITED AT L GRARMHRE) OREEARIMLIRY (itxtE)
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h REEFOBEDHEE
RATT7ABEBIZE THFERGT OREDHBMEL 50uW LT FESNEEIZE T HF
ERHDAEDHRMEF 1004 W AT ELTSRFEEIREZ IMHz £T5,

(2) ZIEEE
BIRMICET H2BRFOREE, W LLTET S,

(3) ZEhiR®R
7 xtmEE R
BERICOVNTIE. BE 30 B FA—RILDNSKRSToTFFHERZE LU LEDOFBRIZIEM
HHEEEITHLDTHAZE, T, ARAFRE S AT LICDOWTIE, BERE 30 £V FA—bIL
UL 60 B2 FA—RILLUTONSGRSToTFH . BHAAKRE S AT LIZDOWTITER 10
TUFA—RILLLE 30 EUFA—RILUTD/IRSKRSToTFERRBEDFIE X TIsR T
ETHEOTHH L,

4 ZAMEMEITERR
ZEXRFEDREFZHFITISLEERROMERMERFEZRTHLDTHLH L,

3. BESATFLEORTESH
(1) BREIVISVRAVATLEORESE
23GHz HEBICED AT LG 22GHz HFEIBEEV AT LADFHIZONTIE, XRK%E
mEdHE,

G,e(B,)+Gpe(B,)—Lp-Ls = -81.8(dB]

Gpo( 0 ) : 23GHZ B EIRIEE S AT LDAE 0, FRDZIET > TFF13(dBi)

Gye( 0 ,) : 22GHZHEIB ISRV AT LDAHE 0, ARADRET > TFF%5(dBi)
Lp : B HRZRIGHkiE X (@23.2GHz)

Ls : ILEPREYMFICLDERKEBLX

22GHz HEBUGE S AT LIS 23GHz FERIEED AT LADFHIZONTE, RRA%E
mET D&,

Gp(B )+ Gpg(B,)—Lp- Ls < -107.8(dB]
Gpe( 0 ) : 22GHzHEB ISV RV AT LDAE 6, AREETYTTH1F0BI)
Gyea( 0 ,) : 23GHZH EIRIGE AT LDAE O , ARIDZIETTFFI1F(dBI)

Lp : BHZERGiRkiEX (@23.2GHz)
Ls : ILECBREYFICLSERKEBL
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Wi AERE S X T LAlL, FHEIEO-OH, MEHICEBRIVNS R AT LIZFSE2E
AW ELEELIGITORERICRET 5.

NATHRE AT LI, FHEEDH. B 2 ITRTARIMNLIRVEERT 5,

BE.EBRIVIN VAV AT LMD 23GHz FEBRIGESATLOBE/EADFHIZDOLT
F. BEBRAITTFSRIBRELSLLET D,

(2) BERRXEBEOHEFEY
23GHz HRBRIGES AT LNOBRRXEBFAADFTHIZONTIEL RAZEHRT D&,

Gye(0,) + Gxy(B,) (=0dBi) — Lp - Ls < - 158.6(dB]

Gy (0 ) : 28GHZHEIRIBE AT LD 6 , ARDEETTTFIB(dBI)
Gxx(0,): BRRXEDZIEFET > T+ F1F(=0dBi)

Lp : BHZER{ckiEX (@23.6GHz)

Ls: IWEFIZKDEIIFELX

B AARE D AT LI, FHEREDT=H . MEMICERRXERICTFSEE5EZAGNE
MNEELISMTOFERICRET 5,

NATHRE S ZT AKX, FHEREDEO. B 2 ARIMNVIRIEERT 5,

23GHz FIZHFTHERAEERLTCVSIERRXAEETHERTHEE L. BERRXEHEA
DEEHFEFT 501 FEEZHROIEMARIZTLBET HLEBIT. BEICIGLTER
RXEERNARETOICEIZKYFHEEET S,

4. BIEE
BREESHLERIND UHF FOERESEEERORE AT —RICANTEHIEEL E
ERDAAVETI—ADIGEE (T E/0 RIRBFEHERL.E/0 BRRBESHFEESTET S,

(1) AR#¥ORE
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2. 23GHzH ( 23.6GHz~24.0GHz) D7V E=T7 5 FEBERIZDLVT
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(J,K)=(1,1):23.69450GHz {3 . (2,2):23.72263GHz{F3k . (3,3):23.87012GHz
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% 2F (1,1)- 1 2F .- Y ;
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=) — (5.5) = Z372GHz
S L
=  esol-
B _ 23.69GHz
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SEEH 4
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BRIV VRV ATLDOFBRERANSA—2DOR., THEENKEBIRETUTTE
LTo120cm NSRS T oTFHEL, BRIV FS VA AT LEERATS I/N Z# (—10dB)
BFLURENTHSRENEHFBSLARLEFHR T 2EEHHEMERRERMICOVLVTRE Lz, T8
EHNERLE LT, HHZERGEEAB LU 236H: HEBIEE AT LEEZEDEFANEEERE
L=,

BRIV VAVRATLOETIIUTOESY ELT=,
- ZIEZE R RIS Gar : 46.0 (dBi) (@ 120cm /NSRS 7 o TF)
- R ERRIBL Lfr - 0 (dB)
- RTYTFRERFH LA IN: -115.8 (dBm/MHz) (I/N=—10dB)
- BREIEFSHFSLAIL - —40 (dBm)

23GHz HEBEEVATLOBERIIUTOELY & LT,
- EEEHHREN
EER Pt : 30.0 (dBm) 31W
FARRE S X7 L Ptf : 27.0 (dBm) <500mW
- AT T RAFEGRE
EER Pts : —33.0 (dBm/MHz) AT
MR & X 7 L Ptsf : —63.0 (dBm/MHz) LLF
- EEMRERIBL LT 1 (dB)
- EET T T ARAFG GO  LTORET S,

ERDURATLETTED &IC 236H HEBIGEV AT LEET VT FIC L HFTERERIERE = .
RATYTAFSERVBREIMEFHITEDNTRE L=,

O RFVTFRFHIZDONT
FrEREfREEREAE 2 D B A ZERIEIE R Lp (£,
Lp=Pts+Gat 8 —Lft+Gar—Lfr—IN (dB)
=—334+Gat6 —14+46—0— (—115.8) (dB)
=127.84+Gat6 (dB)

tROETOLEEY ., AATKE S AT LTIE, 97.8+6t6 (dB) &%,

FEREL T - 23200MHz (A : 0.01293) & BHHZERMMEHREAL Lp N oFTEBEIREER d (m) ZRD
%

BHZERIEEEXIE.
Lp=@mrd/ 1)?
WE-T. FAEBRIEEREd () (X, d=AJV Lp/dnt &% 5,

O BREHEFSHIZONT
FrE Rt FRIERE A 2 D B HERMGIBEL Lp (.
Lp=Pt+Gat 6 —Lft+Gar—Lfr—REMEFHHFRL NI (dB)
=30+Gat —1+46—0— (—40) (dB)
=115+Gat6 (dB)
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+ GatoO &1 5,
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WEEIZG—ToTT

FHARMSDAE (F) FEF G Gat 6 (dBi) ik
0~ =45 23 E:
+60 13
+75 5
+90~=+180 -7
0em NSRS T UTF
FHEANLDAE (E) | ARAFIFGato (dBi) ik
0 34.5 FAM
+5 16.5
+15 4.5
+30~=+180 -5.5
60cm /x5 7/RS (ITU-R F. 699 451%)
FHAAMLDAE (B) | AAFIEGato (dBi) ikl
0 40 FAME
+5 18
+15 6
+30 -2
+50~=+180 -6
WEEIE—T VT
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SDAE EE R NAATHRE S X T LA e
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0~=+45 35. 68 8.18 1.13 5.79 FAM
+60 11. 29 2.59 0. 357 1.83
+75 4.50 1.03 0.142 0.73
+90~ 1.13 0.26 0.036 0.19
+180
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0cm NSRS 7T+

FAMEL FrERfmEERE d (km)
>DHE EER NATIRE S X T L e
0 (FE) ARTYVTFRAFH | BREHNETS | RATVTF7RATH | RENETS
0 134.10 30.72 4.25 21.75 FAM
+5 16. 89 3. 81 0.534 2.1738
+15 4.25 0.98 0.134 0. 688
+30~=+
180 1.35 0. 31 0.042 0.217
60cm NSRS T T+
FAMEH FrERfmEERE d (km)
>DHE EER NATIRE S X T L e
0 (FE) ARTYVTFRAFH | BRENETS | RTVF7RATH | RENETS
0 252. 60 57.817 7.99 40.97 FAM
+5 20.07 4.60 0.634 3.26
+15 5.04 1.16 0.159 0.82
+30 2.01 0. 460 0.063 0.325
+80~=+
180 1.27 0.290 0.040 0. 205
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RECOMMENDATION ITU-R RA.769-2

Protection criteria used for radio astr onomical measur ements
(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 mgor 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 al 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;

€) that protection from interference is essential to the advancement of radio astronomy and
associated measurements,

f) that radio astronomica 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;

0) that most interference that leads to the degradation of astronomical datais received through
the far side lobes of the telescope;

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

1) that typical radio astronomical observations require integration times of the order of a few

minutes to hours, but that sensitive observations, particularly of spectral lines, may require longer
periods of recording, sometimes up to severa 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 loca
protection;

) 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 consider ations and assumptions used in the calculation of interference levels

1.1 Detrimental-level interferencecriterion

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

AP 1

P JAfgt @

where:
P and AP:  power spectral density of the noise
Afo:  bandwidth

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

AP=KAT; aso P=kT 2)

Thus we may express the sensitivity equation as:

AT =" 3)
JAfot
where:
T= TA + TR

This result applies for one polarization of the radio telescope. T is the sum of Ta (the antenna noise
temperature contribution from the cosmic background, the Earth’s atmosphere and radiation from
the Earth) and Tg, 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, t, 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 AT), i.e.:

APy =0.1AP Af (4)

In summary, the appropriate columns in Tables 1 and 2 may be caculated using the following
methods:

- AT, using equation (3),
- AP, using equation (2),
- APy, using equation (4).

- 64 -



4 Rec. ITU-R RA.769-2

The interference can aso 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 c¢?/4r 2, where c is the speed of the light and f the frequency). The
gain of an isotropic radiator, O 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:
20logf-1585  dB (5)

wheref (Hz). Sy isthen derived by subtracting 10 log Af (Hz) to allow for the bandwidth.

12 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.

13 Antenna response pattern

Interference to radio astronomy is aimost 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 a the detrimental
threshold level defined for O 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 2rt 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
lossto 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 antennasis available; see 8§ 2.2 for further discussion.

14 Bandwidth

Equation (1) shows that observations of the highest sensitivity are obtained when radio astronomers
make use of the widest possible bandwidth. Consequently, in Table 1 (continuum observations), Af
Is assumed to be the width of the allocated radio astronomy bands for frequencies up to 71 GHz.
Above 71 GHz a value of 8 GHz is used, which is a representative bandwidth generally used on
radio astronomy receiversin thisrange. In Table 2 (spectral line observations) a channel bandwidth
Af equal to the Doppler shift corresponding to 3 km/sin 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 afew representative values for the detrimental levels are
givenin 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.
Whileit is dightly 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 systemsin use in radio
astronomy. For frequencies above 1 GHz these are cryogenically cooled amplifiers or mixers. The
guantum effect places a theoretical lower limit of hf/k on the noise temperature of such devices,
where h and k 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 hf/k by a factor of about four. Thus, for
frequencies above 100 GHz, noise temperatures equal to 4hf/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 L1ano de Chajnantor at an elevation of 5000 m in Chile, which is the site chosen for
amajor international radio astronomy array for frequenciesin 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 genera interference criteria for high
sensitivity radio astronomy observations, when the interference does not enter the near side lobes.

2.1 I nterference 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 detrimenta to radio
astronomy will be encountered when a reference antenna, such as described in Recommen-
dation 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 alarge 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 maor 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 aradio 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 al the interfering signals received should be 15 dB below
APy inTables1 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 I nterference from non-GSO satellites

In the case of non-GSO satellites, and in particular for low-Earth orbit satellites, the systems usually
involve constellations of many individual satellites. Thus determination of interference levels
requires analysis of the combined effect of many signals, most of which are received through far
side lobes of the radio astronomy antenna. A more detailed side-lobe model than that of
Recommendation ITU-R SA.509 is therefore desirable, and it is proposed that the model in
Recommendation ITU-R S.1428 be used until such time as a more representative model for radio
astronomy antennas is obtained. In using this proposed model the case for antennas with diameter
greater than 100 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 anaysis that includes these requirements is the epfd method described in
RR No. 22.5C. Values of epfd represent the pfd of a signal entering the antenna through the centre
of the main beam that would produce an equivalent level of interference power. Since the threshold
levels of detrimental interference in Tables 1 and 2 correspond to pfd received with an antenna gain
of 0 dBi, it is necessary to compare them with values of (epfd + Gpp), Where Gy, is the main beam
gain, to determine whether the interference exceeds the detrimental level. Making use of the epfd
method, Recommendation ITU-R S.1586 has recently been developed for interference calculations
between radio astronomy telescopes and FSS non-GSO satellite systems. A similar
Recommendation, Recommendation ITU-R M.1583 was developed for interference calculations
between radio astronomy telescopes and MSS and radionavigation-satellite service non-GSO
satellite systems. The applicability of the protection criteria given in Tables 1 and 2 is described in
Recommendation ITU-R RA.1513.

2.3 Theresponse of interferometersand arraysto 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 8§ 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 isthe
wavelength, to less than 1 msfor intercontinental arrays with L' ~ 10” A. Thus, compared to asingle
radio telescope, the interferometer has a degree of immunity to interference which, under
reasonabl e 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
interferenceis 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 T and Tg 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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COLUMN DESCRIPTIONS FOR TABLES 1 AND 2

Column

(D) Centre frequency of the allocated radio astronomy band (Table 1) or nominal spectral line
frequency (Table 2).

2 Assumed or alocated bandwidth (Table 1) or assumed typical channel widths used for
spectral line observations (Table 2).

3 Minimum antenna noise temperature includes contributions from the ionosphere, the
Earth’ s atmosphere and radiation from the Earth.

4 Receiver noise temperature representative of a good radiometer system intended for use in
high sensitivity radio astronomy observations.

(5) Total system sensitivity (mK) as calculated from equation (1) using the combined antenna
and receiver noise temperatures, the listed bandwidth and an integration time of 2000 s.

(6) Same as (5) above, but expressed in noise power spectral density using the equation
AP =k AT, where k = 1.38 x 10°% (JK) (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. Thisis 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 AP.

(8 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.

9 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 Sy. To
obtain the corresponding power levels in a reference bandwidth of 4 kHz or 1 MHz add
36 dB or 60 dB, respectively.

TABLE 3
Threshold interference levelsfor VLBI observations
Centrefrequency Threshold level
(MH2) (dB(W/m?- H2)))

325.3 217

611 212

14135 211
2695 —205
4995 —200
10650 -193
15375 -189
23800 -183
43000 =175
86000 =172
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Lp : BERZERMEHkIER (f : 23600MHz)
Fs : $hERInMERERKGRE (dB)
Pts : AT 7 ADZEFHEEHN —33 (dBm/MHz)
GAt : HEZEBEBERHZFES 40(dBi) (p60em/RSKRS 7o TF)
GAr : ERRXEBDOZERHBOEDHEFIEF 0(dBi)
Lft : X{E#RERIBL 0(dB)
Lfr : 2{E#ERE\EKX 0(dB)
Fi#HLELME : —191 (dBm/MHz)
- T, MMEERGMHERIE 198(dB) &4Y ., EBREMEBBENCNUELELELGDLBEE, FiHLA
LYo

PERICREERRRE. 74 7Ty DEFHRATHE Lz, BT EHKIF 2 EFETE L. TH4ERK
MEBDUEZRERITERL=,

A1 : 23CHz FERIEES AT LREME

B1: BERXEME
M1BEUM2 : ERILEES
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S{EZ (C2-M2ff) = (hm2-hp2) CS2(m) 637.07 [=hm2-hp2
BRBISIKFS H/X54A—4
]| ks &
{EERER f(MHz) 23600
ESRE A (m) 0.0127 |=300/f
MIRAETODEITLRIVERE Rm1(m) 10.83 | =4 (( A *d1*d2)/(d1+d2))
M1 B/ ATA—43 Ui 55.78 |=CS1/Rm1
MRS+ TOEIFIEX Z1(dB) 50.93 |=16+20*%LOG(U1)
M2IRA R TREITL RILER Rm2 (m) 15.76 | =+ (( A *(d1+d2)*d3) / ((d1+d2)+d3))
M2E i/ 85A—4 u2 40.44 |=CS2/Rm2
M2 RA +TOEIIE% Z2(dB) 48.14 |=16+20%LOG(U2)
2EFMITTHRREE X Zt(dB) 99.06 |=271+22
BHHZHEgEL ro(dB) 157.7523728|=232.44+20%LOG(f) +20*xLOG (d1+d2+d3)
{Eifia X I (dB) 256.82 |=T 0+t
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<3i£{E A 3—VERA KR 20m>

A2 Jo7«—)L T VERAZKIR 3153 (0CH) ~ VERAZKIR S{z5a1 ) g
R{B25 1 40° 10" 31.962" / 140" 1" 43.962" GBIA 28.0m) Frim e
FES = 39" B 0575”7 S 141° 7 571587 (LS 85.1m)

& R E&m (SR [ [BHBROFT) DTy [RNEE A [ERP [ A |
mm[ 33N | 19743 [ ooo | bos 0.00 0.00 [ =100 [ 100 | 100 [1o621  [anm |
M1
1500 l
1400 .
1300
1200
1100
1000
p
[m] 900
800
Ton
600
500
400
aon
200
100
Al il
l] 10 20 an 40 &0 10 an a0 100 1o 120 130 140 150
WiEKm]
R Fikes &
Z{fisthEk F F R K 1.333333333
IR E a(km) 6370
BEEE (B ) ITIKTFS H/354—4
EH Fikes &
{Ek BE R GRA> MRIE#R) D (km) 149.52| =d1+d2+d3
{EEIEEE (1 ERARAFRESR)  [d1+d2 (km) 119[=d1+d2
Bk EEEE (SE2[EMITRA PRAE SR [d2+d3 (km) 100.52|=d2+d3
{EE R B (A-M1 R ELR) d1 (km) 49
(G EEEE (M1-M2RIE ) d2 (km) 70
{Ei%EEEE (M2-B1RE ) d3 (km) 30.52
AMRAVMES h1(m) 28
MIRA MBS hm1 (m) 1110
M2RA MBS hm2 (m) 750
BIRAVMES h2(m) 85.1
CIRAVMES hp1(m) 123.37 |=(h1*d2+hm2%d1) / (d1+d2) - (d1*d2) / (2%K*a)
S{EZ (C1-M1[8) = (hm1-hp1) CS1(m) 986.63 |=hm1-hpl
A2RA MES (RFEA) ha2 (m) 1705.27 |=((d1+d2) /d2) (hm1+(d1*d2) / (2xK*a) ) - (d1*hm2/d2)
oA MES hp2 (m) 202.00 | = (ha2%d3+h2*(d1+d2) )/ ((d1+d2)+d3) - ((d1+d2)*d3) / (2*K*a)
S{EZ (C2-M2[f) = (hm2-hp2) CS2(m) 548.00 [=hm2-hp2
BRBUKFT B/ 544
EH ks fi&
{EEE R f(MHz) 23600
ESRE A (m) 0.0127 |=300/f
MIRA P TOEITLRILERE Rm1 (m) 19.14 | = ((A*d1%d2)/(d1+d2))
M1[EI$f/85A—% Ut 51.54 |=CS1/Rm1
MRS+ TOEIFIE% Z1(dB) 50.24 |=16+20%LOG(U1)
M2IRA P TDEITL R ILERE Rm2 (m) 17.57 [=v (( A *(d1+d2)*d3) / ((d1+d2)+d3))
M2[EI$f/85A—% u2 31.19 |=CS2/Rm2
M27RA > TR ET % Z2(dB) 45.88 | =16+20%LOG(U2)
2EREITCHRREER X Zt(dB) 96.12 |=271+22
BHHZEHEEEL ro(dB) 163.3922258|=232.44+20%LOG(f) +20*xLOG (d1+d2+d3)
{Eifia X [ (dB) 25951 [=T0+Zt
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2. VERA A3k

VERA A % 1 Hh52(95.23km)

% 2 th 21 (53.98km) % 3 #h 5 (62.34km)
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<#{ES 1—VERA AE 20m>

TO74—)L T VERAA SR #{5m1 (OCH) ~ VERAAE {5/l )

BES 2 317 537 18,6947 7 131" 25" 56.030" (LS 27.0m)
FES M A" 524" 130° 26" 2a975" GEHEE 552 1m)

LLE v

Il
RN E

THEMEN &R i - I i BEROD  [Tx—7405  [EWEE 5 5] [ERF

37.33 [ #5177 0.00 0.00 0.00 [ ooo | -58.44 1.00 | 100

800

[ 3
95220 80.32

] 10 20 an 40 60 (] m 80 o0 100
BlEKm]
g E] k2 &
F{lh Bk F E R K 1.333333333
BT 4E a(km) 6370
BERE (B ) ISIRTFT B/354A—4
Y E| s fi&
{Ek B (RA 2 R ER) D (km) 95.23| =d1+d2+d3
(B PEEE (1 ETRA PRIESR)  [d1+d2 (km) 52.5|=d1+d2
{EE PR (oM TiRA PR SR)  [d2+d3 (km) 73.23|=d2+d3
{Ek P (A-M1 I E #R) d1 (km) 22
Rk RS (M1-M2RSE #8) d2 (km) 305
{5k PR (M2-B1RIE$R) d3 (km) 4273
ARAVMES hi(m) 27
MRSV MES hm1(m) 370
M2RA 2 MES hm2 (m) 470
BIRAVMES h2 (m) 552.1
ClRAVMES hp1 (m) 173.14 [= (h1*d2+hm2*d1) / (d1+d2) - (d1*d2) / (2*K*a)
SIEZE (C1-M1R]) = (hm1-hp1) CS1(m) 196.86 |=hm1-hp1
A2 RAMES (REE M) ha2 (m) 365.86 |=((d1+d2) /d2) (hm1+(d1*d2) / (2%K*a) ) - (d1*hm2/d2)
CoRAVMER hp2 (m) 336.47 | = (ha2+#d3+h2% (d1+d2) )/ ((d1+d2)+d3) - ( (d1+d2)*d3) / (2%K*a)
BB (C2-M2ff) = (hm2-hp2) CS2(m) 133.53 | =hm2-hp2
BRRIKFST D544
]S k2 &
{RIE LR f(MHz) 23600
EERE A (m) 0.0127 |=300/f
MIRAV L TOEITLRILER Rm1 (m) 12.75 [=4" ((A*d1*d2)/ (d1+d2))
MBI/ 354A—45 Ui 15.44 |=CS1/Rm1
MIRArTOEFEE Z1(dB) 39.78 |=16+20%LOG(U1)
M2BRA R TDEITL LR Rm2 (m) 17.30 | =+ ((A*(d1+d2)*d3) / ((d1+d2)+d3))
M2[EH/354A—45 u2 7.72 |=CS2/Rm2
M2 R4 b TOEIIFEE Z2(dB) 33.75 | =16+20%LOG(U2)
2RI COMREIEL Zt(dB) 73.52 |=271+22
B HZRniRigk ro(ds) 159.4737157|=32.44+20*LOG (f) +20*xLOG(d1+d2+d3)
{EigE% I (dB) 233.00 |=T0+Zt

-81-



<iE{EH 2—VERA A¥E 20m>

<EfER 2—VERA AE> - - - 1 EI[EH
I074—)l T VERARE #5522 (0CH) ~ VERAAZE Ff3ml | ZaLe
R{ER - 317 547 14407 / 130° 58" 48.302" (B 250.0m) Eﬂ;‘n
FES : 31 447 527147/ 130° 26" 23.975” (kR 552.1m)
EOTRER _ Esh Rz PETH BHBEROID  [Ji-7100 [EREE 5] [ERP 2] [REE |
#2268 | 5919 | 000 |_ooa | oo [ o00 [ -i6s3 [ 100 [ 1o [sasa1 | ns |

2000

1500

=34

1000 |-

500

A1

1\ O B N

- o ; T -
|,\
[

{

——

f

B e

a

/ P

1
fol
1
1

i _
[ 5
B (Km]

IHE Be i
S EREE R K 1.333333333
HhER T F alkm) 6370
BBl (EE) CREFT S 54—

IHE irs ]
(=X R (S BRI ER) D (km) 53.98|=d1+d2
{EEE PR A (A-M1 I &) di (km) 6.3
(X FE k(M1 -M2 [ 5 85 d2 (km) 47.68
AlRAVHES h1(m) 250
MideA v FES hm1 {m) 1470
BIiA HEER h2 (m) 552.1
ClikA v HEER hpl (m) 28757 |=(h1*d2+h2%d1) /(d1+d2) - (d1%d2) / (2%K*a)
=1{EZ (C1-M1R8) = (hm1-hpl) CS1im) 1202.43 |=hm1-hp!
BESIERET S/ \SA—F

IHE iBs fis
(=X FEE f{MHz) 23600
ESEE Alm) 0.0127 |=300/f
MIEA P COEITL FILEE Rmi(m) 841 | =4 (( A=di*d2) /(di1+d2))
MIE 378 SA—% Ut 142,97 |=CS1/Rml
MIEAFTCOEIFEE Z1(dB) 59.10 |=16+20%LOG(U1)
SEEMEREE roide) 154.5428077| =32.44+204LOG(f) +20*+LOG (d1+d2)
(= HEE 5 [ (dB) 213.65 |= I 0+Z1
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<i£{E A 3—VERA A¥E 20m>

<HEFR S—VERA AE> - - - 1 [E[E

FO71—)L T VERAAE {5553 (0CH) ~ VERAAZE Z5{S/1 | ———RiliL|

1000

BIEQ - 32" 12" 41227 /1307 497 48.387" (B 166.0m) FLEAS

F{EAE = N” 44° 5271147 7 130" 26" 239757 Gk 5521m)

ARTEER il i3 BHRROI)  [Jz—T400  [GRER |EE] [ERP R I
[aon | 5036 [ 000 [ oo [ 000 [ 000 | 038 [ 100 [ 100 [62348 | 8610 |

BEEKm]

HE s &
EifhERFEER 1.333333333
BRI EE alkm) 6370
EEE (52 [TE&TET £ 5A—3

IHE is El
{Z X PR R (M iErtA FREEE)  |Dkm) 62.34
{=E IR (A-MI ) d1 (km) 12.3
{EE R BE (M1-M2 [ $3) d2 (km) 50.04
AMRARES h1{m) 166
MIEAMES hmi (m) 790
B4 MEE h2 (m) 5521
Cl4/ v HMEE hpl (m) 205.95
SiEE (C1-M1A) = (hmi-hpl) CS1{m) 584.05
BEMICEET LASA—S

HE il i
{EE [ EE f(MHz) 23600
EEEE A {m) 0.0127
MIEAFTOHEIIL FILEE Bmi(m) 11.20
M1E i/ \SA—4 u1 52.13
MIRA > TOEFE S Z1(dB) 50.34
SHTEHEREE 0(dB) 155.793576
{EHEE 5 [ (dB) 206.14
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=di+d2

= (h1*d2+h2*d1) / (d1+d2)—(d1%d2) / (2*K*a)
=hml-hpl

=300/f
= (( Axd1*d2) /(d1+d2))
=C51/BEml

=16+20*LOG(U1)
=32.44+20%LOG(f) +20%LOG(d1+d2)
=T 0+Z1



3. VERA /NE R

VERA /N5 R %8 1 #h 52(895km)

5% 2 th 3 (938km) % 3 #h 55 (702km)
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<iE{E A 1—VERA /NE R 20m>

TO 70— T VERAVE G 21551 (00H) ~ VERA/NEE 335651 ) -RALE
{5 1 34" 55" 530877 139" 56° 42565" CHIEE 36.0m)
F|ES 27" 5° 3007 . 142° 13" 03837 CHEE 1101m)

L)L
-l

BHARROD  [Je- 7400 [GWER 71 [ERF [ TME
[T | moa | 17207 1.00 [ 1oo [mos70a | 4656

Prs =Pts+GAt8 +GAr 8 —Lp—Lft—Lfr—Fs
=—33 (dBm/MHz) +40 (dBi) +0 (dBi) —178.94 (dB) —0 (dB) —O0 (dB) —62.67 (dB)
=—234.61 (dBm/MHz)

_CT.
Pts . hEZ 52 5 1 |MBBOX T 7 ADEHIEESH  —33 dBm/MHz
GAt 6 : s 1 HERBMEBEPKRAEG 40(dBi)

GAr 6 : BRRXEBDRERIEOEHRRFIGE 0(dBi)

Lp : EEZER{EMkIESR (f : 23600MHz, d : 895km)  32.44+20logf+20logd=

178. 94 (dB)
Lft . Z{ERTRRIBKL 0(dB)
Lfr . Z{EREMRIBKL 0(dB)
Fs : thE RInREERFRE 62.67 (dB)

ARG L JLERERA ETREA 5
B85 23. 7GHz 23. 8GHz
F i ~-234.61 dBn/MHz | -234.61 dBm/MHz | R T 7 RZHEBH
FHLELME ~174 dBm/NHz -191 dBm/MHz | RXUHREIE
-y 60. 61dB 43.61dB Fib L& ME—F5iE
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<3iE{EH 2—VERA /NER 20m>

TO7r—IL T VERADSEIRE #4125 /a2 (0CH) ~ VERA/NFIR STl )

#AES @ 337 26" 51.4907 1357 45" 35.762" GEEE 79.0m)
FES 127" 5 00487 S 142° 13" 038" CEEE 101m)

il &
LA
S

ERTEER  EEW EIE E iR [BHARIOFF  [Jr—5429  [Gal U5 [ERF

AR

| 174s | on4n | o557 | non | nan | ona [ 17852 [ 1oo [ 1oo

| 5oa sz

| a201B

BEEm]

Prs =Pts+GAtO +GAr 8 —Lp—Lft—Lfr—Fs

=—33 (dBm/MHz) +40 (dBi) +0 (dBi) —179.34 (dB) —0 (dB) —O0 (dB) —63.54 (dB)

=—235.88 (dBm/MHz)

_CT.
Pts . hEZ 52 MR 1 |MBBOX T 7 ADESIEESH  —33 dBm/MHz
GAt 6 : Hhm 1 HERBMEBEPRAEG 40(dBi)

GAr 6 : BRRXXEBDZIERHEDZEFHERSF
Lp: B HZEREHEME K (f: 23600MHz, d : 938km)

0(dBi)

on

32.444-2010gf+2010gd=179. 34

(dB)

Lft : E(E#RERRIELX 0(dB)

Lfr : Z{EHREHEEX 0(dB)

Fs : i RIGIRERERRFRE  63.54 (dB)

ARG R LESER E A A fwE

Bl iRk 23. 7GHz 23. 8GHz
F i -235.88 dBm/MHz | -235.88 dBm/MHz | R T 7 RZEBH
FiHLELME ~174 dBm/NHz -191 dBm/MHz | RXUIBEE
-y 61. 88B 44. 83dB Fib LEME—F5iE
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<3E{E 5 3—VERA /NER 20m>

(=2 3

=Pts+GAt 6 +GAr 6 —Lp—Lft—Lfr—Fs

JO74 = T VERADEER {5533 (0CH) ~ VERADSEEL Z{Em1 g
HES 2 39" 4 50007 /199" 48" 19141 G 158.0m) “Taisn
TEE 2 277 5" 300487 1427 13" 0383" G 1M10Im)
[EETERR [HFilte 30 [BHAROIF  [Je-7409 GG T3] [ERF [ M ]

1987 | 10797 | szse | noo | noo | ooa [ <10058 [ 1o | 1o [ 70z.160 T
7500
7000 T

/’-'
6500 o \\
i d
6000 i \
/ ,
7 ,
SL00 i
r
5000
500
.‘r‘..
4000 Y
/
3500 Fi
.-’.l
3000 /
/
2500 /
Fi
2000 ;’:
/.f
1500 5
!
n"l:
1000 /
/
i .

so0 |/ - %

f JL = A

() A— e
b 100 200 30 00 00 1l

A0
BEEm]

=—33 (dBm/MHz) +40 (dBi) +0 (dBi) —176.8 (dB) —0 (dB) —0 (dB) —59.72 (dB)
—229.52 (dBm/MHz)

—CT.
Pts : thEZ 5 A HME 1 BREDRATYT7ADZEFIRESN —33 dBm/MHz
GAt 6 : Hhm 1 HERBMEBEPKRFEG 40(dBi)

GAr 6 : BIRRXEBDZIERHBDEFERSF
Lo : B HZERHERE K (f : 23600MHz. d : 702km)

0(dBi)
32.444+2010gf+2010gd=176.8

(dB)

Lft : E{EHERIEL 0(dB)

Lfr : Z{ERELEEKX 0(dB)

Fs : iRk ERRFRE 59.72 (dB)

ARG RILERER ETREA =

Bl iRk 23. 7GHz 23. 8GHz
F i -229.52 dBm/MHz | -229.52 dBm/MHz | R T 7 RZEEH
FiHLELME ~174 dBm/NHz -191 dBm/MHz | RXUIBEE
-y 55. 52dB 38. 52B Fib LEME—F5iE
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4. VERA FiE B

VERA RIEE %1 #hm (1011km)

5 2 1 53 (972km) % 3 #B£5 (401km)
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<iE{EH 1—VERA RiEE 20m>

JO7+¢—)L T VERARIEE (I (0CH) ~ VERARLIE B 5Exm1 1 ;J;u-
M{ES 1 30" 35 57.242° / 120° 44° 42900" CIBIEE 92 0m) i rer
FH{ES : 24° 24" 448N " /124" 10" 158067 CHHER 501m)
[BEAROIT 925475 {taﬁu 7 Imr L] L3
000 oo 260 55 1.00 1.00 1011409 25.20

14500
14000
13500
13000
12600

11500

10000

G500

4000

15, 000m

10 200 300 400 500 Gon oo 800 o0 lIIII) iilll

Prs =Pts+GAtO +GAr 6 —Lp—Lft—Lfr—Fs
=—33 (dBm/MHz) +40 (dBi) 40 (dBi) —180.0 (dB) —0 (dB) —O0 (dB) —64.45 (dB)

=—237.45 (dBm/MHz)

— T,
Pts : B2 52 Hhm | |MRBOX T T RADZEFHES  —33 dBmn/MHz
GAtO : #m 1 HFZBIRBZEPRFIGE 40(dBi)
GAr 0 : ERRXXEHDZEHRMBOEPRFIGE 0(dBi)
Lp : BHZERGHRESR (f : 23600MHz, d : 1011km)  32.44+2010gf+20logd=
180. 0(dB)
Lft . X{S#aEMREX 0(dB)
Lfr . Z{S4aEHRiB% 0(dB)
Fs : th& RIGREER R 64.45 (dB)

ARY MIVERER AT R R e
iR 23. 1GHz 23. 8GHz
FisfE -237. 45 dBm/MHz -237.45 dBm/MHz | R T 7 RZI{EE N
FiHLELME -174 dBm/MHz -191 dBm/MHz RXHENE
=y 63. 45dB 46. 45dB FisLEWME—TFTHIE
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<iE{EH 2—VERA RiEE 20m>

IO 74— T VERAGHE B %4552 (0CH) ~ VERAGTE B 55{Exa1 1 g
WSS : ;1" 24° 53186" /130" ©° 12948 CHIER 31.0m) iy
FES 24" 24" MAENT 71247 10" 158067 (HIER 501m)
[ERTEEN EEW [FRRER Ff!? [ BERRGEE }577..;.?;5’-7' JEREE T F‘"E.- }l‘i R
17.14 176567 107.44 000 000 o.oo | 26607 1.00 1.00 [ 51) 3576
14000
13500
13000

12500
12000,
11500,
11000
10500,

i Km]

Prs =Pts+GAtO +GAr 6 —Lp—Lft—Lfr—Fs
=—33 (dBm/MHz) +40 (dBi) +0 (dBi) —179.65 (dB) —0 (dB) —O0 (dB) —63.71 (dB)
=—236. 36 (dBm/MHz)

- T,
Pts : thEZ 52 5hm | |MRBOX TV T ADZEFHES  —33 dBn/MHz

GAt 6 : Him 1 HEXMEIRBEFIRFIST 40(dBi)
GAr 0 : ERRXEHDZEHRMBOEPRFIGE 0(dBi)
Lp: EEBZERHkIE X (f: 23600MHz, d: 972km)  32. 44+201ogf+2010gd=179. 65

(dB)

Lft : X{E¥RERIELX 0(dB)

Lfr : Z{E¥REHREKX 0(dB)

Fs : i RIciRiRERRFRE 63.71 (dB)

ARG FILERER R E A wE

B85 23. 7GHz 23. 8GHz
F i -236.36 dBm/MHz | -236.36 dBm/MHz | R T 7 RZEEH
FHLELME ~174 dBm/MHz -191 dBm/MHz | RXUHBEE
-y 62. 36B 45. 36dB Fib L& ME—F5iE
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<iE{EH 3—VERA RiEE 20m>

Jo74—)L T VERARIE S 2% {53 (0CH) ~ VERAGIE B S{iml A -~
M85 1 267 07 57.736" /1277 99° 49.794" CHIER 26.0m) Frfo-r8
FES 2% 24" aaBn” /124 10" 15906° (HIEE 501m)
[AHTEEY  ERW PR S [BHAROI)  Dx-5400 [GWER 5 AP Fi AR
L2484 1 15954 8015 oD | oo I 000 | -21488 1 1.00 1.00 | 400528 | 6059
3000 - - = =

2500

Prs =Pts+GAtO +GAr 6 —Lp—Lft—Lfr—Fs

=—233 (dBm/MHz) +40 (dBi) +0 (dBi) —171.96 (dB) —O0 (dB) —O0 (dB) —51.99 (dB)
=—216.95 (dBm/MHz)

- T,
Pts : hiEZ 5 A 5HA 1 BRRDX T YT AOEHHFEES  —33 dBmn/MHz
GAt 6 : s 1 HERBEBEPKRAEG 40(dBi)

GAr 6 : BRRXEBDZERMOEHRFIGE 0(dBi)
Lp: EEBZERHEHkIE X (f: 23600MHz, d: 401km)  32.44+201ogf+2010gd=171. 96

(dB)

Lft : X{E¥RERIELX 0(dB)

Lfr : Z{E¥REHREKX 0(dB)

Fs : i RIciRiRERRFRE 51.99 (dB)

ARG FILERER R E A wE

B85 23. 7GHz 23. 8GHz
F i -216.95 dBm/MHz | -216.95 dBm/MHz | R T )7 RZEEH
FHLELME ~174 dBm/MHz -191 dBm/MHz | RXUHBEE
-y 42. 95dB 25. 95dB Fib L& ME—F5iE
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5. JKiR

KR 5 1 H#1 (88.56km)

% 2 H#h g3 (90km) 5 3 Hh i (53.8km)

-92 -



<EZEES 1—KR 10m>

FOT1— ) T AR E{ER OCH) ~ 7R S a1 | K
IR
iR T

BES 39" 557 422847 7 1417 2° 58499 GRS 339.0m)
{85 : 38" 7 589637 14017 70 565397 GRIEE 741m)

ARTREN R il W FEii] BHAHOIY  Dr—7a05  [RNRE A [ERP B
s aT.96 96.51 0.00 0.00 }_nm | 0w | -sase [ 1o | 100 80562 5542

K m]

B Fines E
[ ith Bk 2 1% {3 K 1.333333333
HhERF 1% a(km) 6370
BB (B SkEFET 5/354—4
EH Fines B
{Eik BB R/ MREIE#R) D (km) 88.56| =d1+d2+d3
Rk BERE (BB 1 [EITRA PRESR)  [d1+d2 (km) 43|=d1+d2
{EEPEEE (2B RA P RIESR)  [d2+d3 (km) 82.56|=d2+d3
{EEEE (A-M1RAER) d1 (km) 6
{EE IR (MI-M2RIE$8) d2 (km) 37
{Ek BEEE (M2-B1RIE ) d3 (km) 45.56
ARAVMES h1(m) 339
MIRAVES hm1 (m) 590
MR MMES hm2 (m) 430
BIRAVMES h2(m) 741
ClIRAVMMES hp1 (m) 338.63 | = (h1%d2+hm2*d1) / (d1+d2) - (d1*d2) / (2%Kx*a)
S{EZ (C1-M1[f) = (hm1-hp1) CS1(m) 251.37 |=hm1-hpl
A2RA MEZE (RFER) ha2 (m) 631.13 |=((d1+d2) /d2) (hm1+(d1*d2) / (2*K*a) ) - (d1*hm2/d2)
CoRAVMES hp2 (m) 245.34 | = (ha2%d3+h2* (d1+d2) )/ ((d1+d2)+d3) - ((d1+d2) *d3) / (2*K*a)
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MRS+ TOEIFIE% Z1(dB) 34.85 [=16+20%LOG(U1)
M2IRA R TREITL RILERE Rm2 (m) 10.85 | =4 (( A *(d1+d2)*d3) / ((d1+d2)+d3))
M2EH /3544 u2 31.18 [=CS2/Rm2
M27RA > TR EIE% Z2(dB) 45.88 | =16+20%LOG(U2)
2EEEIITTHRRER X Zt(dB) 80.73 |=271+22
BHHZEMEiREX ro(dB) 156.1805272[=32.44+20%LOG (f) +20*xLOG (d1+d2+d3)
[niifis & I (dB) 236.91 |=T0+zt
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A2 RAMES (R H) ha2 (m) 86.74 | = ((d1+d2) /d2) (hm1+(d1%d2) / (2%K*a) ) - (d1*hm2/d2)
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M1 B/ 35443 Ui 2.91 [=CS1/Rmi
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M2[El3f/3T5A—4 u2 48.11 [=CS2/Rm2
M2RA TR EHTE % Z2(dB) 49.65 |=16+20%LOG (U2)
2EREITOHREERE Zt(dB) 96.90 [=Z71+72
B B ZEEniE L ro(dB) 158.4086072| =32.44+20%LOG (f) +20%LOG (d1+d2+d3)
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M2RAETODFEITLRILER Rm2 (m) 18.35
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