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5G NR n65 (UL 1920-2010 MHz / DL 2110~
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RS A ) IMIT 24 AR 0l 3 BSei 7E T4

2.2 SD2DRGEE

2.2.1 SD2DEAREH

SD2D R G i 3 E 2 # Space XK E RS S5
., 4ralic NStarlink-1f1Starlink-2. HHr,
Starlink-1ZHCRIE T1TU WPACHR 50, X M4 %
SD2D# A ) — AR Starlink & JE 17, Starlink-22:%k
T ERVE T SpaceX M FCCH AL H i ) — 1%
NGSO MSS#&4G!, oK Hx S5 AEA SR
LRI N 2% Starlink-1 F R AE G BUE . &
Ja S G RIS AL, AR SR BE R B
e RIATBIE. WERFMPE SR
TN, BHEERME . AR AR . ERBE RN S S 50
FefR0T 8, Hodr, AEE RIS RN T RN A
&, DL ORIk SD2D & i Ak g, BITESZS
EE S SRR RIE T, P EZEAN B/
Fr 5 SD2D 2 i s Ar, SR J H I R 45 7] B i
e A0 A ) 2 (18790 9 Sat-MaxElevation) o
2.2.2 SEERIBEEHLE

FMSD2D B R EH + =R AN B N
RIS, — R Z MRS, @i xtFE
AR AT R e B B LA 3 T80, SEBLIR] — 3
EF—TE EZREH, Nt RAEE.
WA N> R FEBEAEE A& ExHE—
W, BNMRE LA ARG FERE . Hh TR
OGP EER, SRR A7 TG R
F P HARAS BRI MR 55 DX 38, ] 5% 5% U5 Ok T 1
¥, UK ARSGNS RS THRE. XT sk
P BRI X 38, B O oG P E RS T . 2T 1
R, TR AAN TR ) CBAX 3k, Rk R A
PR E TP, R R B L 55 AR 2R
2.2.3 [EISFURRTFHHIF]

Qo SD2D A EE N [R) A R 2 (8 ) 3
P, T [EIBEE 6t n e N JUAT R B 2. BT A5 B
F& 2 B TR R 26 7 1) 1 55 R 1 DA R T L
(C/1) SRVFIITERE B E o A SR FH R AR 7] B
BAERM TS, A C/I HS A HER B A B
3 AR AL (CCDF),  SEUT [FA o HR 4 i) ()
it

CCDF(C/D)=PrC/I> 7|(6 0,05 0s) = ¢ (1)
Hrp, C RoRn 6 WREB B 2 Th R, TR
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% x X A BRI T SD2D RGN HLTE IMT P2 5 RIS 0 5 3h & 17 A E 3
* 1 SD2DRGHIES KA E
EX i (km) BB (°) B AT ALY RAAN [aJF#(°) #7eE RN BALEH/ DESH

525 53 28 120 12.9 3360

Starlink-1 8640/8640
340 53 48 110 7.5 5280
335 26 96 60 3.75 5760
334 32 96 60 3.75 5760
333 38 96 60 3.75 5760
332 43 96 60 3.75 5760

Starlink-2 331 1 % 00 315 P60 46800/15000?
330 53 96 60 3.75 5760
329 60 48 60 7.5 2880
328 69 48 60 7.5 2880
327 76 48 60 7.5 2880
326 96.87 60 60 6 3600

W OEAL (orbit slots) FERANPUETT AT I EEEALE . @K T Starlink-2 FIFUERCE , SpaceX 74 I HSZBREHHE T S ECBAE
i 15000, /ANTTRBCEALEE 46800, LURGE A FEAGRIS  SOARSCIEGF BN, [ e B AL 15000 M0, R4 % 52 2 BALELS k17
BIAET: 335/334/333/332/331 km fF50)2 1846 Mil; 330 kmit)Z 1847 s 329/328/327 km: 3522 923 Mi; 326 km 72/Z 1154 i,

* 2 SD2DRFEERARSH

24 Starlink-1/Starlink-2
kit 698-2690 MHz,/1429-2690 MHz
TR R St 5 MHz
TR R RI A AL

4.79-14.79 dBW

HBORIRI (12.79 dBW @ 2190,/1995 MHz)
. 38.89-48.89 ABW
FICREIRP (46.89 ABW @ 2190,/1995 MHz)
BRRET K ITU-R S.1528"
B R ATBOR AR () 6
RACTAEMAA (emin) 20°/10°
jeisi Sat-MaxElevation
B AR RS (L, Ly) Ly=L,=16m
HB—55MHE (SLR) 20 dB
FIBHOE S5 () 2

NIFE— SD2D R4 N H ' BT A [F A0 o 5% it s
TEZA R VORI R &%, R
HACIBRAE, R TTIRER E 6L, 05,
0F o 77 N FE TN B N R AI I R B8 S B O~ 22 TH]
[E AT AR S FE Oeross HIFAEIRARAE -

XPE n A SD2D 7 %, HBEN C/I1{A:

> 10”

JE€EIn

J

AP j+AG j+AG, j+AL j+oj
(C/I), = —10lg =
(2)
7N Iq:] ’
APt,j = R,max - R,ja AGt,j = Gt, max —
AC;r,j = Gr,max -

Gh,j (05, 05)
Gr,j (erja ¢Tj) 7ALs,j = Ls,j - Ls,n

53 A RN % L it A UEE R 5 5 5 2k R 4 B
BRIR S TR 22, RETIEE2. Sloy 2. FEik
WRZEE, o, RN j o2& THBEBA N R B 1R AL
e, J, Rz n] WL 45 [F e i AR &
2.3 IMTRZEE
2.3.1 IMT RS

i IMT REHAFEES%E ITU-R WP 5D
WAL, PERFES, He, IMT JEuh3E KRR
T, FERE R RS X K2k, HormE
WH ITU-R F.1336& 1 Frecommends 3.1I&(H 5%
MBI, IMT &b R 2R 4% 4 [ AR R AbHE

* 3 IMTRGEERREH

ZH e

B YIEHIE S St 2 M %Ak (Rural-macro)
X AR > 3 km (@ 1-2 GHz, $#5{H 5 km)
TR R v 30 m (@ 1-2 GHz)
Hek i X HE 3
LR H WL 75 R H 5 dB
bR LR Non-AAS, ITU-R F.13362!
R A @3:650’. B=3°, it +45°, Ly=3 dB,
Go=18 dBi, k,=0.7, k;,=0.7, ky=0.3
L ity 08 A (B X X
[FIA3UR G 26 o B i)
LR 1.5 m
Zehi R I EALPRZY
LA RS IR KH25-3 dBi, ik fb+45°
223 NAASAE 4 dB
2y 75 AL 9 dB
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2.3.2 IMT 1RiPERE

MR SCHk[6, 20, 22], PATHEMEREL (I/N) &
FEXT IMT %3 5 B b UL PRI 223K« 1 T/N
BRI L, (/N),,, NERTTRR, 3EA
FIFERTH I/N B 2R k4L (CDF) £, I/N
AT TR MR ANT BARE AL £6 22, /)

(3)

WHESCHR[6, 22], X IMT Zip 5364 — K
RS TTBR (I/N),, = 6 dB. 53T M it
1% k=100% (AR KIS BTSN R
T35 BUAR 6 1 T 267 (£ =99.50%) BEAT 3P4 o
2.4 RERHTHEERIR

A TR BIIMTHAL T eI . K
RERAL (RS 53 25, 4 2 PR 27 s 1 2 () L Ar] A
R, o HIAE TR AITMT 3 5k 4b 52 LR AR bR R
AR P % 70 AH N AR 2R R A B A
2.4.1 DEXRKEGFHEE

HHE ITU-R S.1528 Recommends 1.4, 32
FSCHR[23] AT REIE, TR R 2R 1 il 4 25 K 3
TEZRE R RIS, THEAAR

Gt (U) = Gmax + 20 lg

Pr{I/N < (I/N),} > &

u2

2J1(u).ll_[1 [1—7;2.02. [A2+(i1/2)2}]
[1_<7“uﬂi>]

(4)

=1
A, G RGN (dBi): | NFWRITSH
(CORFMBHL 1 - 1) Ju () R
IREHL o = 1,2,000) 9y () B R L7

R A, o, uiilE AP

A= loarccosh (10%> ,0 = S —
" A (- )

u(f, ) = %\/(Lr sin 0 cos ©)® + (L sin 0 sin ¢)*

SLRE/RE — S5 A o EZHR T REN
At A I AR ROE (Lo MLy ), BN, BLRFR
5 AR T TR A AR AR (e B A A ) 0 SHAE R R
AP A o X FR @M, it
HP N, B A, PR O 5IMTEIIL
AR LA R R R AR (0, ), RTERAX(4)THE
u(0,0) RSP EE . ERXSHT, BT
Le =Ly, W u(8, o) A A0) ==L sind/A.

2.4.2 BEuhREZLEGHRE

w2 BTN, T PUBE S TR R R S AL bR R
( XpYnZn ) B AL B = (ug, uy, us) =

(cos By, cos @y, cos Oy, sin gy, sin By) o K ZEGEY, Hll T 5
B, ZMEMI A = (u),u),ul), Hr,

/ . /
Uy = —Uy SN B + uy cos B, uy, = uy,

ul, = u, cos B + uy sin 3

*E% @2/—\?}45,(])11{@9\%/\’ U; = Sined ’ U; =
cos O cos q » W UG T ZRAT A A5 A5 A 53 A -

64 = arcsin(sin 6y, cos 8 + cos 0}, cos @y, sin 3)

cos Oy

(5)
(4 = arccos < (= sin 6 sin 5 + cos O, cos oy, cos 5) )
(6)

MRIEITU-R F.1336 Recommends 3.10&/H 553
SRR, SR 2R 1 B B SO 25 v RO
Gi(0a,¢4) = Go + Gie(an) + RGy(zy)  (7)
ﬁ;q:" Go?'ﬂ“l%ﬁif?i Ghr(-Th) fEE[E(.%‘h, O)Uﬂﬁ’f’t
77 7} b5 A0 A 1 T A AR 2 2 R 2R A
loal Josr @3 NS ABIBE R T Gy (z,) RN
TE(0, o, ) JH—A0T7 ) A A P Th A B AR 228 R 4k
W, x, = |64] /03, 03T RNINAFES dBIH %
FEs RFINBEZE T 07 MOFE B 3 oq I 1R 7K P-4 25
JEARLG . AH G FEAR B i B AR SR A K R

max {—121‘121, Glgo} , Th S 0.5
Ghr (l’h) =

max {—12x1(12_kh) — Axn, GlSO} ,aop > 0.5

Iy =

—12x3,xv < Xk
—12 + 10lg(z7 1 + ky), 2 <y < 4
—Aeyv-Clg(zy),4 < a2y, < 90°/03
Gigo, zv > 90°/03

A =3 (1—0.57") 2 = /1 — 0.36k,

A= 12 — Clg (4) — 101g (4 — 1.5+ k)

Gvr (:Cv) =

P 2 TR REANEE 3 R LA 2 1) J L AT 2
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Giso = —12 + 101g (1 + 8k,) — 151g (180°/6,,)

180°/05)'° (415 4+ K,
10lg (180°/65) ° ( + ky)
1+ 8k,
C

Ig (22.5°/63)

R— G (z1) — G (180°/¢3)
G (0) — G (180°/93)

WMANSHk,, kn, kA TEE77 W ETAR K3 246
2.4.3 EREERRIER

RS 1528 FIF. 13362 % 15 8 32 LA K 2647
MoK, KREAZETE-5. KEFE. b
FF B AL 55 5 ) 5 H mTRE TN B PRInEERs .
RsREA eV, ES 7 I BRI NS
MEEFBIET . Wue s NS [ A0 7] 25 0 5
R 5%, WU EH i RS I N B BRI S 08 -

A B Bhaxx7,if ug < 0 (8)
kTN 0, i up > 0

Horr, x=min (1, max (0, —us)) Biox ZANIER G 0]
BEIK B A BN R 306 L PR, 3R 1% I ke i
J S (B S R G T B P R R

ASCHL B =60 dB. y=41E WHEL S, T
LRI 366 3y TR 282 285 o i TS 424 2850 Py = ¢ it ) 1S
6 UE 25 S 7 L3 580 H AR AR R R B SR AL
2.5 SIEfEIBIEE

Ext TR BIMTEWAL AT TR, KA
ITU-R P.619%E A5 P425 H 1 b 2 4% F 152 20 11 B i
RAFE. WIEITU-R P.618& I H%, 710 GHz
DA R AR AL 5 15 72 SR el o /N o 8 B8 B A ST
FAREAL T2 GHz I, H T3V DA S Ry R
HAx, WOk H f 7S R Fe e SONIRSFIELL, RITE R
S AR BRI N B S TR R

L = 92.45 + 201gf + 20lgds (9)

Hr, fAIE(GHz), do NERESZIMIMTEIR
Pl 8] B LR B B (km) o 7EBUIERY |, NiE—2
ZIEAEYY . RS MR TR B 1o, 5
AITU-R P.2108# 5200 [y« v g 186 2 £ i &
IE” A, o Hb RS RN AT B . BT IR/
KA EEIAEL, BN 5RE 7] 2R Ao,

Aﬂﬁmz{&mﬂﬂ@WMm, Z;gg (10)

e, Ho=10 m A MBI R B, hAORIMT L
RS R EE, Kio(f) = 21.8 4+ 6.21g (f) -

ZERP 2108 ESS HA gt g, I NE
PABER Pojoa 22 X005 R AE I BANIMT

BUHL, 3% Poaa € [0, 1] BEHLARIRILE B 40T
B FPIRES s EONIERS, W BRAR Lo, THEEIS
JSLAE H A (B4R L AL B I A 45 -

Lpath = L + IclutterAh(fa h) (11)

/H\:EF‘ ’ Iclutter € {Oal}y‘jﬂﬁ#@ﬁiﬁ*}ﬁﬁ%%%o Iz//']?:g‘ I‘]
AU NS, A SCBRINEL Pyya =0(TCHERYS)
3 MWEMITE

3.1 RIFIMTLixPFDIR{E

BT IMT &R ARk, H K oirs
4 PFD FR{H (ABW/m?/MHz) A

I
PFDypask,ur = 101g (kTB) + NFyg + (N) — Gug
th

)\2
— 10lg (41{) + Lpol + Lbody (12)

He, k=-228.6 ABW/(K-Hz) NI /R 2% 2% %,
T=290 KW AERE, B=1 MHz NS % 5%,
NFug, Gue, A, Lpols Lbody 73 A7 IMT & by I 75
RE RIS, WK, LRI, NS,
3.2 {&x37 IMT £if EPFD [R{&

AR PFDRRAE HE T EFEAE T IMT A ),
R RV 2 3y R 2 488 2 oAU A o U L 7 T PR AR
g, KT PFDER AR 2 SN A ) R $i LA S B
ST R, R, 5% (EZ ) 27
22 5C. 14 A M, 51 EPFDAE AR 5L 552
SD2DF#t T EFa 450, HE M-

N,
NP Glsay (B4, di) Gs (6riy dri)

EPFD=10L 10
& Z b 4ﬁd32 GBSmax

i=1
(13)
Hoeb, PR @ AT EENRHEIIE(ABW):
Giar N TR R LRI P LG R ST 25 Gps P9
REAE P RN T BN 25 G 9 R
K (O, bui) T (O, b)) 93RS 5 HE
FAEF R BERE 7 1 B ) 5 B L s d ok
FiZPRMMEE; N, AR LT R S
o, T HAEUONL S 50 5 TR Sk G

4 EPFD FR{E (dBW/m?/MHz)U:

I
EPFDMask,BS = 101g (kTB) + NFgg + (N) + Lpol
th
2

A
+ Lt — GBsmax,api — 10Ig <4) (14)

T

Hop, NFps, Ll Bk (0 s RS A iHE .

IR R e M Tk, BER3ETAI S AL,
G A SN ER R F T PR IMT 28 oy A L i T 75
%-&PFD/EPFDRR{E, JF4: T K3, Hr, sy
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2 % FxE

7150 | L L | L
O DRSO L DN
S P PP
S WP O ST, 6

A% (MHz)

Bl 3 R IMT L3 A1 L3k 7 (19 PFD/EPFD BRI
B AT AL 1 h 2

< map e

= 100 — EPFDIR L

= JitseTeE =g,
“Ho 74«/%—*——%7".& 7

% T Y -102.72

fau -120 -

m ]

= 30 e

a +,,/———+/+'4/+ o

L Y -129.53

£a)

~

a

[

[l

2190 MHz W& KR HFPFDRME N
~102.72 dABW/m?/MHz; 1995 MHzAb Kk 58 ¥F
EPFDFRAE N-129.53 dBW /m?/MHz.
4  RGETFIDH

RSB RS IEAT, B R 2R TSR
FB Bl % X i E g 5. SR E . kb
B HIEMNERIRIE . BARIAES . ASCRETH
PR 25X — il ELE s e, DU ESEE R R
SD2D-IMTH:AZ AT HESL . FE WK LFTR T35
F, EFRAMIBERISD2D RG89 T SN 5
IMT RGN T, FEARS X 5h5E2 85 N
BEEES d. WD KRS (0—~dy—~dy—> -
= duin ) SD2DARSS X 18] ABE A AU 46, B &5 35
JETMT % vy b il AR R 2K

Pr {(I/N)UE < (I/N)th|dUE} 2K (15)

Pr{(I/N)pg < (I/N)yldni } > 5 (16)

R PR A D AT T R /2 3 A A R e B E

AATE, RIFEILIE DR A 2 IR LAL, R

e — € I 805G Bl N OB IR T/ N A )5 3847 CDF 4 it

WeER, SRIGTESRE A AT SR E . N
I PRy £ i RIRE ol 5 226 o 2 B 2 S B«

UE BS
min? dmin ( 1 7)

FELEE d T, B ZIN FrA W IMT 235/
FEuh T LRI FE AT

M Im.i)
Ligg = 10lg [ Y ) 10710 (18)
mo

I(m,j) = Ptx(m,j) + Gtx(gt)o ¢tx)(m,j) - Lpath,m
+ er(grxa ¢rx)(m) - Lpol - Lothers (19)
A, Ty S8 m AT I TR 555 R SRR
S PIMT 2 3y / B sl e WOl 7= A2 10 F 0 2h &4 %

dmin - max{d

JE: Pgm,jy NA N RS D HAB B s G (O,
D) (1) 3 Cex Oy Br) oy 3N LR BRI RS 52
7/ N5 o €l A 7 < T o< B A
Loathm NEEEARFE:  Loo WA KRICARHFE:  Logher %
N R P 2 S N ARG Lyoay  BHE ul 151 2 00 FE Ly
NN AT WL AR B A T i R R4
IMT % by /RS SR A T S LA :

I/N = I,,, — (10lg (kTB) + NF) (20)
ZFPREATS F T VPG 25 Ul 1) 2R -5 PFD:

M J
PFDaggzlo lg (Z Z loPFD(m,j)/lo) (21)
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EPFDZ i -129.90 dBW /m?/MHz. 1% & A
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A5 LAStarlink- 1AM, % 558 2 Kk 47 BUR
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2, HFTASHOC BN E, BAX S0
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k=100% 5, IMT % 3 /3550 1 5 A1/ N5
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# 4 Starlink-1F# IMT ZimfBEbzSHERESR ((I/N),,= -6 dB, k=99.5%)

IMT i IMT 3k
d (km) PFD Ziiii EPFD 4iilE ,
I/N (dB FE(dB I/N (dB HEE(dB
/N (4B) (dBW /m?/MHz) HiiedB) /N (dB) (dBW /m?/MHz) frme(dB)
0 11.35 ~85.37 ~17.35 17.25 ~106.27 -23.25
100 2.46 ~94.26 -8.46 11.25 ~112.28 ~17.25
195 -6.12 ~102.84 0.12 1.47 ~122.06 ~7.47
290 -13.71 ~110.43 7.71 ~6.37 ~129.90 0.37
# 5 Starlink-2F# IMT KBRS HERELER ((I/N),,= -6 dB, k=99.5%)
IMT IMT 3
d (km) PFD ZiiHE , EPFD %iiHE .
I/N (dB HHe(dB I/N (dB KHEE(dB
/N (dB) (dBW /m2/MHz) HiE(dB) /N (dB) (dBW /m?/MHz) filie(dB)
0 10.73 -85.99 ~16.73 16.74 ~106.79 ~22.74
100 4.19 -92.53 -10.19 13.81 ~109.72 -19.81
272 -6.16 ~102.88 0.16 ~0.55 ~124.07 -5.45
420 ~14.15 ~110.87 8.15 -6.21 ~129.74 0.21




Fx XN AEE: SRR ST SD2D RGN HLIA IMT W% 1 RIATT-4 43 #7 5 8h 25475 HAIE 9
R 6 XESHTURT Starlink-1 FHIMTR G HELERHBURMENIK

B WATEE R I/N)yg (PFD)yg JVE (I/N)gg (EPFD)ggq 4BS
(@d=0) (@d=0) min (@d=0) (@d=0) min
FELR (BB E) (12°, 12°) 9010 11.35 -85.37 195 17.25 -106.27 290
£=100% (12°,12°) 9010 14.77 -81.95 304 19.95 ~103.58 560
Pihield=0.2 (12°,12°) 9010 11.07 ~85.37 193 17.25 ~106.27 290
Pyie1a=0.5 (12°,12°) 9010 10.43 -85.37 173 17.25 ~106.27 290
Piiera=0.8 (12°,12°) 9010 9.06 -85.37 141 17.25 ~106.27 290
Pyiera=1.0 (12°,12°) 9010 -8.35 ~85.37 0 17.25 ~106.27 290
etk 55 (12°,12°) 15817 12.41 -84.31 222 18.78 ~104.75 360
[ A R =1 (12°, 12°) 7839 11.68 -85.04 207 17.23 ~106.30 270
[F) A3 R K =16 (10°, 10°) 16962 11.75 -84.97 192 17.57 -105.96 330
AR f=10° (15°, 15°) 2597 9.75 -86.97 340 16.30 -107.23 460
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LS 4 (15°, 15°) 4169 8.68 -88.04 192 14.92 ~108.61 340
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¥ F A& IHER L w. X T Starlink-2, f2
S TR 5 SR AR JE 2 45 2R (272 km, 420 km) (I3
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Satellite-Direct-to-Device (SD2D) systems that reuse terrestrial IMT spectrum may generate

harmful downlink interference to incumbent IMT networks in adjacent administrations, especially in cross-

border deployments where SD2D downlinks overlap the receiver bands of both IMT user equipment (UEs) and

IMT base stations (BSs). Therefore, a practical coexistence methodology is needed to (i) translate IMT receiver

protection criteria into explicit power-flux-density (PFD) or equivalent-power-flux-density (EPFD) constraints

and (ii) validate these constraints under realistic spatiotemporal dynamics so that they can be mapped to

enforceable geographic coordination measures such as border isolation distances. The study focuses on the

dominant interference path (SD2D downlink to IMT receivers) and establishes a traceable workflow from

deterministic PFD/EPFD limits to dynamic Monte Carlo validation and the resulting minimum border



% x X 4% PEEERCT SD2D ARG HLE IMT W4 (1 R4 5 1 530805 H5E

13

isolation distances.

Methods A cross-border scenario is modeled where Country A deploys an SD2D system and Country B
operates a terrestrial IMT network. Two representative downlink frequencies, 1995 MHz and 2190 MHz, are
evaluated for two SpaceX-related configurations, Starlink-1 and Starlink-2. The IMT network is modeled with
ITU-R/3GPP-compliant characteristics, using I/N protection criteria with a threshold of -6 dB and a target
percentile x (baseline k=99.5%) for both IMT UEs and BSs. Satellite transmit antennas use the ITU-R S.1528
reference pattern; IMT-BS receive antennas use the ITU-R F.1336 sector pattern; IMT-UEs are modeled as
omnidirectional. A back-lobe blocking attenuation model is applied to both satellite and BS patterns to capture
rear-side shielding. Propagation follows the ITU-R P.619 model with free-space loss as a conservative baseline,
and an optional clutter-loss term is introduced via a shielding probability. Deterministic protection limits are
obtained by back-calculating the maximum permissible aggregate PFD for IMT-UE protection and the
maximum permissible aggregate EPFD for IMT-BS protection. A dynamic simulator then validates these limits
and searches for the required minimum border isolation distances (Fig.4). Co-channel beam isolation is
optimized through the C/I complementary cumulative distribution function (CCDF), and a segmented-search
algorithm determines the minimum UE- and BS-side isolation distances together with k-percentile PFD/EPFD
statistics.

Results and Discussions  The deterministic-limit derivation yields a maximum permissible aggregate PFD of
-102.72 dBW/m?/MHz at 2190 MHz (IMT-UE) and a maximum permissible aggregate EPFD of -129.53
dBW/m?/MHz at 1995 MHz (IMT-BS) (Fig.3). For Starlink-1, the C/I design target gives a minimum beam-
isolation angle pair of (12°, 12°) (Fig.5). Dynamic simulation shows that under the representative baseline
setting and the I/N threshold of -6 dB and k=99.5%, the minimum isolation distance is 195 km for UE-
protection and 290 km for BS-protection (Fig.6, Fig.7, Table 4). The coordination distance is therefore 290 km,
and the k-percentile simulated PFD/EPFD matches the deterministic limits with a residual margin below 0.5
dB. For Starlink-2, the optimized isolation angles increase to (15°, 15°), and under the same baseline setting,
the required distances rise to 272 km (UE) and 420 km (BS) (Table 5). The baseline distances reported above
should be interpreted as representative values under the specified simulation configuration, rather than strictly
converged unique results. Stability verification shows that, under different sampling intervals, simulation
durations, and random seeds, the UE/BS-side distances mainly fall within 195-210 km/290-300 km for
Starlink-1 and 266-290 km/370-420 km for Starlink-2 (Table 7). Sensitivity results for Starlink-1 further show
that the isolation distance is governed by the upper tail of the aggregate I/N distribution (Table 6). Tightening
k from 99.5% to 100% increases the UE/BS-side distances from 195/290 km to 304/560 km. Clutter shielding
substantially reduces the UE-side distance, e.g., to 173 km at a shielding probability of 0.5, but has little effect
on BS protection. Polarization reuse increases the UE/BS-side distances to 222/360 km, while increasing the
number of co-channel beams to 16 raises the BS-side distance to 330 km. The minimum service elevation and
link-establishment strategy are dominant operational factors: changing the elevation threshold from 10° to 35°
shifts the required distances from 340/460 km to 101/150 km, while switching from Sat-MaxElevation to UE-
MaxElevation reduces them to 80/180 km.

Conclusions  The proposed workflow converts IMT receiver protection criteria into deterministic PED/EPFD
limits and validates them with a spatiotemporal simulator. Under the I/N threshold of -6 dB and k=99.5%, the
baseline and stability tests jointly indicate representative UE/BS coordination-distance ranges of 195
210 km/290-300 km for Starlink-1 and 266-290 km/370-420 km for Starlink-2, rather than unique, strictly
converged values. Sensitivity tests further show that the s-percentile only changes the statistical criteria for
extracting "tail events" from the samples, and clutter shielding mainly benefits UEs, whereas minimum
elevation, polarization reuse, co-channel-beam number, and link-establishment strategy can reshape worst-case
geometry and drive large (sometimes non-monotonic) changes in the required distances. The framework
provides a traceable bridge from receiver criteria to enforceable border coordination measures.

Key words: satellite-direct-to-device (SD2D); IMT; co-frequency interference; cross-border coordination;

isolation distance
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