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Abstract

In this paper, the communication performance
and its characteristics of the polar Low Earth
Orbit(LEO) mobile satellite have been described in
terms of the generalized performance parameters
via geometric modeling and analysis. Especially, the
general formula related to the parameters such as
the number of orbitstM) and the number of
satellites per orbit(N) were derived in the LEO
satellite system for voice service, and then we
applied the general result to IRIDIUM system(M=6,
N=11) that would be scheduled to commercialize
soon. The offered traffic of Inter Satellite
Link(ISL), ISL link blocking probability as well as
both new call blocking probability and the
probability of forced termination for the on going
call are calculated as the result of performance
analysis.

I. ME

ABLNS 018 BA U WAMu|A, 5 Y4B
A MHIALE QMW MulAE BXIG) Oj#f 24,
oiSeel HEE SAl0l o3 Aol HuE + Y

Che SIE xiLa Uch X|4e) o|sSHTE My

2X|92 VIRt olSEEof met HERe| HEp

7t il ABsE EYLFZE NBH=2H Clo|
Lteist e SEUAg o|85te 34839 2ost
ot REB BHUMY|AT MRl YcH1I2]. A
AHE Hste= ol 7]& = QHE|L} steering 7|&
0| LWRP earth~fixed cell system2} X[Ate| A8
AHAHA ol KUM= satellite~fixed cell
systen® O =F0AE satellite-fixed cell
systen= CHECL Z[4ZS A 72 =S
MYW2o|, MU LE0 A/AY = Efjzie 38
M2 =0(7] It ANzt ATt It olals AlA
3100 cistol Yoteriz ok NANAME XA
LI MY 2HYS CFEYT NFME XA
FlYes ASHE o xuYe Mz BI e
¥ Zo| ESUASI yYoAMe YImSZAE
32|21 on-going call®| LXEHHBSES Foict
NVEoME 3ol 3% Mo Offt AlS3olM

HAUE LERHACE

II. A" =dE
1. X|Met odg

7I4xte] olE HYol A Ho| SME XUIt=
Enrico Del®| ZY[433} Y| 221-20|A{Qt Zo]
Hao ZHA JKYAIIF Mol random3tH fIXIEHE
g zAgystyct

- 833 -



99 £ A BBEFTEE EFHELBMAH XK H2%8 B1H® 09/6

1-1. Erico Del 1-2. 84y =9
28 1. XM 298

HAE o[4S a=zIt Hotaof matd FYS
T} WX MELHE Of YiHs| Yojuch et
M glddlo] 2F=0 US FLA HAHA A=
b RAE 2Zsfofdtct Ao FYEZ=E V,
gl 9t 8 Rol2ta St BEtX|S HIAILE Tt
giog 7,2 X$+EZEME KM M2 Zo| #
EQHE 28 P, MSwE Bo| CHA| H=ody
It Yojd &8 P= CI2I 2o HAlECEH

Pu=HTy>Tl= [ (1=Fn(b} frat (1)

P,,=1—P[T4>TM]=1—f: 1—FrdD) foydt (2)

Za

2-1, origination cell 2-2, destination cell
2% 2, 7|818E cell Y

origination cellOjA{2] channel holding time<2|
pdf{S51E T2 2-10] 2 A8t

4 7 F]
Frld) = [Ofrr 1= Ost=e 3)

otherwise
t: 2R/ V, (residence maximum time)
2 UEHHO K| destination cellOflA{2| channel
holding time2| pdf[51= 17 2-20f 27{5}0]

[ ;;11(rt/r)2 O=t=z

Frdd) = lgin[cos “1(1-2/2)]

otherwise

0<a<l : overlgp HEiid]

olct.

t=(1—a/2) (@)

2. 94 =293

gld2 ¢ A X0 2YstA 2x=o U=eH
o= 2iMe SY¥8 ssicta JHyEct agla 2
Mo =EeHE XA ESHYR A|A”US 2E Y
o] £Y3l0 origination YoM XiAIZ} CIE =BE
iMooz MEste EgfU2 =2 Helo] 4agiol =2
& sgsicta by stct

(o
A B
Uz 4+ i —_— wh ags
4 =5 —_—
P T —y Y
| SANEEERZN
[IAEMG wisled — twisted \ e 2 1cM

12 3, 23 = LEo fiAe] M=

0% 32t &2 AMHiX=2 MIfe| d=xo 2t #H
g MY & Ns(MxNIJHSl gldez FYE[ofUE
AladlE BTt M A=E g 29 29 Az
2E 242 o= EHRYES| o|RAYI M2 2y
o| ols4aro| ©et ¢4zt gaHFo| #Itst W
ol =Astcta stF et wetM ol 290 A=ue
ZE M2 M2 OE Y UE8 He o/ReY
3 AP fMME XY Azuel o fygE

Relo] zictgzrz @S sick. M22 2
2aEBEZ HEBE P2 Fesin P = BY
source?|AlOAl £EHES2Z 4, $EBFO2 jHe F
28 72 Xy 2M7tx| #85Z =X\ HHol
AZE 2E= Fyolsich metM Mozl (LAY
origination®|4JOfA] destination®|&7IX|e] & &
SUHB Py, NE

Pg(i,)) = 1—-P;; (5)
olct. I8 30iIM =HiEdiel ol 8 Yx=& F3(8}
ANES BT H2 V|giEy =2HE8 JIKd =
fiez=gy Xelg =g UEIt 2149 2|
SRS Lyt B2 HE kHA A=
F35te Mo HE EBEUEE Py (K61 CE
2t ek

2 1 rr

P (k) =

8 P+ B S P "5 Pat0.9]
N,—1

S0+ S esio
_(L"N__i_z-;_"___) . k=12..M (6)

Pg(0,0)=0, Pglk)=Pp(M+1~5k (7)

-834 -



d43 2da zt= LEO ConstellationolA 4839 584

EY Azo &3t ME2 AN U2 EE2X
# X2 kM A=o &3 Mo JdE8 F=
ISLIA Yol =318 4, (bI6)= C}22} 2o},

u(k)=2[§';w]i_f)"(i+;)u,«_,»+ 20("__ Pl XA wg'zixx.,,,]
~(Bixao+ Bixap k=12..4  (8)
o2100M A= 7EQINCRZRE fEASE iH
+iRoz jHe H=2E AHE XM =SHx| M
7tX12] EZfgolnl 2E M40 Ojsld sYsict
2 Jrystct,

m. A28 &Y
cellof MHU2TE st= FR Yy =3zE2 c}
23 2t
A, 0 MES ol B3 93 =g
Ay MESY o FD U =y

28 4. Fo{Z! HolMef traffic contributions

FOT B cellt] B0 & =2z 23 43}
ol 4, 4,2 THEICH

AlAEel YESEME f8 Cga 242 20/

9 7}8o| gesict,

1) M2 & arrivalse 2,0 HZRUS U=
PoissonO{}{ ELH F| arrivals HA| 4,9
HA2t8® Zt= PoissonO|C}.

2) Py, : ME2R TO| 218 8

3) Py, : HEHI ANE ¥E

4) Pgr : On-going call® AR =SZS=

5) AL g@eldlag il dA =3y
= A
AL = N, [6]

6) dstg 3o LIS MUS Bl 2 5 M
22 F2 L-sHel Mot Al2E $ QUot (s
reserved handover channel)

7) 89 MulA8L .o HIUS ZE exponenti-

ally distribution E4& 2t=r}.

1. Abstef 8laEYy
2lo] JIYERYFE YEYIE WWL/L TY Al
Moz LiEtd ¢ ACh

A +2, A +2, A +2, 4, A,
O O O~ @0
# 2 3 (L-3+1u Ly

38 5. d3ggyas rd=y
3% 50 2HAM A" HE =HE Po| BHY
2 o33 #ot

(Zn+ As)’

L 1sj<L~Sl
P= L-S(y yi-(L-9) )
Loty A 7 ].'/(",1") P, L—S+1<j<L

MZ& call0| ESZE 2B P, 2

Py, - P (10)

I=L=

Jd2ja MEHI HIY HE Py

Py - P (11)
olc},

2. LEC QIMAIAH 2384
2Nzt B I0HE WLyl RYDHo X281
ch.

A A A A
0 o ° e
My 24 3y, Lsp,

% 6. 942 F39 MWLyl FA2Y
O3 60 278l 23 =S B P& CIS2
Zo| K=& & UCh

l’_‘

Ls
T 0
St

Py er=4A4rl1, (12)

oL
= 5

4 HEoH HEBE Pylel, A A" XMy
St Yojuta Mz Yol o/RoH &
BE Pyol6l2t2 8t LEOSIAN AlAHS AXNSZE

gE P CHS3 Zo| BAEICH

M e~

- 835-



VN EE ABEFIRG ISKABMAE B % H228 H1HW 996

Ppr = (1= Psyo) — (1 — Po)? (13) 3 7-800AM =0t PpSt PyIt SAl0l 243 g

= ¢RIt =gy Yz7t FOX|CH £ Oi2tojHE

V. AlSd0|M ZHI2A Dr= 3= reserved channel S8 FE £ AUCh 2
MXN A|ASlo| 481N HAE Hlgoz o|2|E AlA 2 oE YIWSYS UEIHD igzt Y30 Of
El(M=6, N=11)8 TYZ A|SH0|MS 2851%Ct. P21 =xsl7iot s S| ¢ @R
YdaEsZ@o| AcisiCiets & B5Y YE2

A )| Bick 22 102 JYEe =o| #5UsE

(3]
07

=24 o|o] MH[ARY XYEQ 2= #of fE
H€E27) #ES LIEMHCE

v. g8

BE Nys ggsld guE Edgs golsd
£ AU Jlay BtAo sl CiE Jlsol Y
wsich ISLe|ME B7HIA 19zt g3 Hels
Egygs Yosto] =T £8 888 YYAH
3 A=t ol Al HNH vlE=2Yol ofd vige
Holch %, o8 MYS <8 Us YoMz
diAsts W 21492 20 HES delay® =2
g Mze Z2=80| 28E=|o{of Bt

ll),!!

=
R

[1] S.S. Rappaport and L. R. Hu, "Microcellular
Communication systems with hierarchical
macrocell overlays: traffic performance models
and apalysis, ” Proc.IEEE, vol. 82, no. 9, pp.
1383-1397, Sept. 1994

(2] L. R. Hu and S.S. Rappaport, "Personal Commun-

A ication Systems using multiple hierarchical

cellular overlays,” IEEE J. SAC, vol, 13, no,

2, pp.406-415, Peb. 1995

JlEFRLY, idAOe B43 WE, B

TR BLATA, 1996

[4] Enrico Del Re, R. Fantacci, G. Giambene,

"Performance Analysis of a Dynamic Chann-

el Allocation Technique for Satellite Mobile

e

035

(3

—

T

Cellular Networks,” International Journal of
al : 1e] AlO =
a8 9. 1:10, s:2g Of IsLde] YIAWSYHE Satellite Comn. Vol. 12, pp. 25-32, 1994

(5

—

Gonzalo Ruiz and Tewfik L. Doumi and John G.
Gardiner, "Teletraffic Analysis and Simula-

tion of Mobile Satellite System,” IEEE
Transaction on Technology. pp. 252-256, 1996
(6] ZYE. YU “2IY2e3E 0BT XAz
O|SHMBUAIARS MsEM" SIS

=E%. Vol. 24, No. 1A, pp, 23-32

Fr
025

32 10. L:10, S:2¢Y Of LEORIAA|AE F A of A
2NEZEE

- 836 -



