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Abstract

The merging of telecommunication and computer technologies has led to a high demand for
data communication to support various services such as the internet and multimedia. Recently, the
increasing interest of broadband satellite multimedia system has led to the consideration of higher
bands operator, Ka-Band (30/20GHz) because of congestion of lower frequency bands such as C
and Ku Bands. Propagation impairments have many factors for attenuation of signal. Rain is the

main of effect to attenuation of signal.

According to the need for telecommunication in Asia, Ka-Band and Millimeter wave are the
latest beneficial frequency used in satellite communication. However, as a result from their
qualification which is sensitive with rainfall condition commonly occurred in tropical zone and high
cost of their equipments, Ka-Band frequency was limited in use for telecommunication system in this
continent. As another country, there are highly attempt to use Ka-Band in telecommunication system
in Thailand that is absolutely located in tropical zone, High rain rate is the significant factor for
frequency attenuation. Therefore, it is very importance to study impact for signal from IP-Star to

Gateway in any country for control and sending in system

IP-Star is the commercial satellite and has with a high power complement of Ku-band and
Ka-band frequency transponders, IP-star can reach customers in at least 14 nations across Asia and
the Pacific. Eighty-four Ku-band sport beams can be aimed toward population centers, which 10
shaped and regional beams can provide more general coverage to rural area. The spot beans offer
20 times more bandwidth than traditional Ku-band systems. The Ka-band payload operated 18
feeder and use gateway to connect to external network such as the Internet backbone and

telephone lines.

This paper presents analytical results of rain attenuation in Ka-band IP-STAR beacon at
Ladlumkraw Station Prathumthani, Thailand (Lat 14.09 degree N, Long 100.43 degree E) which

represent for the tropical zone. During four months from September2005 to December 2005 is the
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rainy season in Thailand. These stations is a gateway and have service the Internet backbone in
Thailand. From analysis have swing of signal from -59.34 dBm to -89.96 dBm in cloud rain condition
and high reduce signal in began raining. The maximum in attenuation due to rain have 12 dB in rain

rate 120 mm/hr.

Keywords : Ka-Band , Broadband satellite , rain attenuation, channel modeling

UNUI
9 A ' a @ a Aa o o A & ' &
luilagtunsresnsiiuanufisudandunuinludiadsziriwianndn latenduns
fadafemiluguuurasmansznedygruniwuaziios wianstianaadyyiondss (Voice) lu
o & A v a ' P A o a . '
szuulnidwdd wiansdsdoys (Data)  lunsFasnsdiuanifioy Nenduanuien 9 lunsss
fyamaiudnNi C-Band (6/4GHz) wia Ku-Band (14/12GHz) udzdununisiesnsunylnldidn
A Aa o - J =) 1 Qa a =3 1 Qs =)
dununluiiedszirivanin fa msssFuImwdunaiiia (TCP/IP) MussuuRypImaL iy
FIzonAURYYIMUIAAULUAANNDEIU Ka-Band  (30/20GHz) 1Tuwinuslunisfadafass ez
& { | a =1 A o oA o [ '
dunmadendedwmefifialuguuvlnad SsludegtudzmalneldGuiinaluladasnaanlslu
=~ I3 . v a o 4w
anufio IP-Star Taiduanufisauunuseauund (Broadband  Satellite) imsliuinsudsdaya
> 6 a Y a a a a 1 a
snenizuuyIaauuduazizasiwanmliuimilunidiate samaside uaz vadmveInidylyyl

Wumasanlnailunmsavdasyyio wanmitaanmadendaluduluuiisiues wse snolawaa

A

\Fua wazazlanInisastanangInitnelulad ADSL %aa:ﬁﬂﬁ;ﬁ‘t%ﬁmmaa'aaé”ﬂum'iﬁﬂmu

U U

A

g90u uddniunmiardoaauanudguiuaiuninus (carrier wave ) lumsdsdayaun aziifadn

o
a

' { v d { o v J v a a g kg té v
$14 9 ﬁLmWNWiUﬂﬁuﬂﬁuﬂ’)']Nﬁiﬁdﬂ?lﬂﬂ??ﬁd“ﬂaﬂaﬂ'ﬁ]m@ﬂﬁiwﬂwa’]ﬂ“ﬂu‘lﬂ SHOSL%U'YIQ’J’]N%&J\‘]LIL%

anuawlatad Mg suNMuAR BRI YL MR gNLTaALUKANAIMA Ka-Band  (30/20GHz) lag

o P

Fnassygr mwunuinluszuuanldsunsuasuiaiees SasygimsunIwiiadunuaz

v o

&) e L dl o Y Aa o [ tﬁl a J v
\Juilagpnan 9 1’]1’1’11%Lﬂ@]ﬂ’]iﬂ@lﬂﬂ%%@dﬁfﬂufy']miuﬂ’]% Ka-Band "Ij\‘)ﬁ’]lJ’]iﬂLﬂ(ﬂT%vLﬂﬁ]’]ﬂ%ﬂWU

[
=l

sungasdia 1k

1. MINaNauseIsyaIMUa 9§ Niienaniznlainie 15w nInanaweaIFy I
finannisanveddu nsaanauvesdyyIiiianUiamlaifigindnadaninud nia n1s
sanauvadsy g mitianUfsuulaswadlna lsistusaseiuau

2. mudfsuulasasdygmiiiaannnldszane asnndyanmluiin Ka-Band Sau
hdanssuniu asmudseunsaiadsingmssinisinig msszvian wazmIunsngealady uazasd

HANIENUBEITUUTIAIZA LAY QN

3. musanewsasdy g wiiienngunsalluszuon lildunasuusznangeandeszuud

dalWiiansgiie (Loss) annawfnly enavhlddasniszens (Gain) vesszuudadle



262

NY 1)

a & o o a4 v a o P A s A ad o
NMINaHuen Lﬂuﬂ%%ﬂﬁaﬂﬂﬂqlﬁLﬂ@]ﬂ'ﬁi‘]_]ﬂquﬂlaﬂ@fyfy"]mﬂﬂ?']“ﬂgﬂ TILUDARURTYTUITU
dl a = a @ o [ [ v = o v o
Lﬂﬂ@uﬂN']uLﬁJ@ﬁJuﬂZLﬂ@ﬂ']TﬁﬂL%LL@:?}@]T‘I@%WQGGW%Ta@ﬁwvaWMLTWVLﬂI%LNG]Nu W']SLWWQGG']%"U?JG

ﬁfllumw’]ﬂl,ﬂﬂﬂ\‘lLL&:%&&INﬂﬂ’i:“ﬂ‘l_lll'm"lJuLNE]NE]@I?Wﬂ']’i@]ﬂ“HE]\‘INWY]L‘WNSJ’]ﬂ“IJu 8134 Nﬂﬂdﬁx@ﬂﬂﬂ?fgmﬂlﬂﬂ

' v
oA A

nsdadefeavld asunluunanuiisiiassglunureinisssdyyimlasendunisdiaeInis

1 a = 6 Y o a l!l &)
] fyfyﬂm@]']’lL'Y]£|3JLL‘LI‘U‘]J?@@LLU%@LLﬂva@]‘I/L']ﬁiyfy’]miuﬂ’gluwuu AWGN mﬂugﬂuuumia@ﬂamao

a

sygrmndantwasnnmiaduan  @esunInluszuy wazilafivn AUy Imuad azviinig

o o

Wisuiisudannisianaiavasdeyanudygrausaauuudizuduwitiizaunsianaiavesioys

WWuaenals wasyinmsdiwisnidnuinasIndas ﬁdl%ﬁfﬂuﬂ’j’m’ﬁddﬁaHa@n:ﬁm%liﬂi

P=F(n A) = Q[mJ

: ;

' Detect

Binary signal ]
signal

i

T

Noise

Compare

signal

Signal
complete

JUN 1 LULR0ITRI UL IEIRY I

Ada o v o o &

anzdf 1 duuundassdygraluwiniisnsuzadoiusygisuTeauuud invas

v

v

puluzaudagousziiad @afdawnauduuinuazan) uananuudslaiNadyyin AWGN

Ay
Ada A a v S P o [ v v
nfignswannmufaduand lusuniuluszuy FuledygruusaauuudnnIuNIUGIs AWGN Uia
o a P & A P ' o x>

yarmzimaddswulaseenidu 2 Juuufe pluuuMTETNAUTERINRYYIMUTEAULUANL

o o o 9 9 a & & a a o

AWGN uaz JULULNMIRNAINUIEITY N UUTEAULUATUAWGN  auifiadunsludagiuaziadiuas
wuUd1809 waztlaiinIAmaFYEIMNAUAK WIBNNIYIIM LTI U UNUR YL MWUSAALUUALAN

o

Iiidannmisidayafianaaluszavla uenanuuazimiswimmdrdwiusanN) massdaya
nldnssadayaldiianisfianae Sadgio AWGN  NlignEwaunanmafiaduaniu 1319z
a { a . L. . o a =

#ITaNIULUUNIAANeuiLinaIn DSD (Drop size distribution) T43zWINTMNANIWIAVBITAHL

LazAMUEWILEBIDINIANBIN RN I Nadasy g ssunIuiE lsunusyan museauuwa



263

70 0031N159nVY8 AU (mm/Hr) seaudyIN (dBgm)
60 é”mwmimm?wﬂ'u r

ol I IhF [
40 fo— i LT . - -82
30 - e [ g4
20 - —

10 INE=Hmim rLW P 7T 68
0 LT ey .

16.00 16.05 16.10 16.15 16.20 16.25 16.30 16.36mM

'
[ A

g'ﬂﬁ 2 LEAITEAUREN D IP-Star LUaLtNauNUaaITINTANYaIHY

2]

NFYYIUINI 20 GHz o oHaenauuid endadnuni

o a

mngﬂﬁ 2 1 JunTuEaITtAUR U LalNanIsnudanIsiialuan o 39134 ﬂnwmﬁ

27

a v dl = a 0/ s a ] ] ' dl ﬂ! I o Y a
axadmvlm’nwaumsl,ﬂ@Nu@m:@uma\‘lazyzywmﬂ:l,ﬂ@mmvlul,muau LLRCABLILD ‘HOLﬂuNﬁ'ﬂ’]l‘lﬁLﬂ@

'
s =l

{ & g a &/ s Q v
ﬂ’]igjtyL?[Elluﬂ’ﬁ&aﬁ'ﬁ TIDAINNNIRAN DUV IR U IUNLNAVUNUBAIINIIANV D Nuﬁumiumuﬂu

Fasulasas
AWGN (Additive White Gauss ion Noise)

LIIRINNTOWIAT AWGN 3NNIZLIKIDVEI Shannon’s Expression F99zlen

C= BLogz(1+%j (bls) (1)

o

Warhwualw B 1Juanuniestassugio (Hz) waz SN (udandiwpasmaisyanmes

S UIIUNILED IaanTadowlad
C S
—=Log,|1+— b/s)/Hz 2
B 92[ Nj (b/s). 2)

' C 4 . €. S < o ¥ .
ERERFE BTV TR 5 nagluztuas POF iiludn WIﬂslmﬁﬂmmLLUiﬁugmmnmsqw

[2-4]

S S
CACRE



264
{—} uddanmisiudygimdedyyissuniuiagluanizlng
0

A udidenmIsanansdsymiiieandu

o

LIRINIIOLTD yulugﬂmaa CDF @@

Fo(Y)= FC(X):Prob{%SY}:Prob{%s f‘l(y)} (4)
B A

=Prob{A2[2j —f_l(Y)} ()
NJo

S 4
= Fel|>] - 6
‘,‘;KNJO (y)} ©

A C
Wanwue y = 0

f 1(y) =10Log (2" -1) @)
e
Fe (X) = P{aX = [ Py(a)da ®)
X X
S
x= (_j _10Log (2’ 1) (©)
N (0]

L3NEWNIORIAN Log-term 189 PDF 1a9mMIaanantassyanmenwiiasaindwlaan

-]

262

o2
p, — | 30V2r a0 (10)
0 a0
Wavindran(10) aslu (12) udrazdonldmin
¢ Inx—
FC(Y):FC(X):JPAda:Q( . ”j (11)

B A X



265

Wainuadn

_t?

(J/ﬂ )e7 dt

O
Il
S =R

FMIUMINITIBAULLY Log-normal distribution 13192 16

1 (X—,u)2 (InA—,u)
P=F(nA) = expl ———H |ax = ——#£ 12
(n)jgﬂexp{ Zéz}XQ E (12)
738
'”AT‘”=Q-1(P):a|nA+ﬁ (13)
Tagdi u==t (14)
[24
ez s=1 (15)
(04

AMNFNNIN (14)uaz (15) 1Jud1 mean wae standard deviation 71b@W131A Linear regression lasen
o \ludnanutuuazdn £ 1uaaavad Linear regression UAzaNENNNIN (12) 119z WUINd1D89 A
A [ [ o A P ' o ' A .

nidudanmIsanawvasdyyrmduiasnnduiagluaumuazanmidwimimedl A 1 Rain

Drop Size Distribution ale

A= 4.343IQ(D,/1,m)N(D)dD (16)
Tagfl N(D) Twn13n329718UUY Gamma Distribution  &na3amIen ldann

N(D) = Ny A™D"exp[- AD/T(n+1)] (m>.mm™) (17)

uaz N(D) l#n13nszansuuy Log Normal Distribution aansawienlaain

Ng _1(In(D) - p? 3
N(D)—ODﬂ.exp{ 2[—0 H (m~.mm ) (18)

luUﬂﬂuwuﬁLiwa:ﬁmsmgﬂLmumam:mzJLLmJ Log normal Distribution @434 N&UNTT (12)

T —(X—,uz) (InA—,uj
=F(nA)= . Ax =Q| ————
P=F(InA) ";"A&/g exp{ 557 } x=Q 5




266
WAZANNENNNT (16) uaz (18) ald

A= 4.343JQ(D,/1, m).N(D)dD

Q(D, A,m) = g.i(Zn +1)Rela, +b,]

n=1

A= (4.343)[;—2}5“ (2n+1)Refa, +b, ]N—T.exp[— E[MH (19)
T

~ oDV2rx 2 o

ngums (19) udmssenauasdyyimduiiasandwlafiarsmlugiuves Rain Drop Size
Distribution fifiUunuminszansdayaiduuuy Log normal distribution lasfid1 a,uaz b, iue
o a £ . . o ' . L3
FUUILANDVDY Mie’s Scattering magiugﬂuum'ﬁﬂizmwaa Bessel function #3asunsnw laann
! iy s . s X o (% '
AIWMIMFNA AN ULLANZ(specific coefficient) 1INANTI ITU-R TI9a%agALIMIAVDILTUN Y
guinansvediiiany (D) wananuu N(D)luaun13(18) Tailun1InIzaruuuy Log normal distribution

zfidnduanauuudiaadvas Fang uaz Che asdidrdaluil

ot 2]

D(27)2 Inc
N3Gl 1 (Showers) 5(R(50mm/hr

Nt =40R0-64

Dy =1.14+0.18InR

o = p0-29-0.001R

nYokn 2 (Thunderstorms) 5(R(50mm/hr

_ 0.55
NT =46R

Dy =0.222+0.397InR

o= e0.5——.0035R



267
ﬂirﬁﬁ 3 (Thunderstorms) 50(R(200mm/hr
Nr =8.8R
Dy =1.76+(7.33*107%).InR

o =137

lagluunanufiinmnuafisamsanuadeuil 50 mm/hr uazrwavaddans D=10 [1] asnuazld

(2
o A

NAANTAIT

N 1 Ny =489.1035

Dy =1.8442
o =1.2712
Np =-239.4082
ad
NItUN 2 Nt =395.5408
Dy =1.4230
o =0.2865
Np = ~235.2528
ad
NItWN 3 Nt =440
Dy =1.7629
o =137
Np =-220.4840
= aN o
LBuY N(D) VIVL@]LL‘Y]%GGSL%QNTT]? (19) wazan
7 = kR (20)
= = a Y
WaldSsuineuny

A=a,R™ 21)



268

LAZANA1319789 ITU-R 71 Aad 20 GHz
a, = Ky =0.0751 (Horizontal Polarization)
a, = Ky =0.0691 (Vertical Polarization)
bR
b, = oy =1.099 (Horizontal Polarization)
b, = &, =1.065 (Vertical Polarization)

uaztilounudidns 9 adluguns (19) azlden A Aludmisananvsssygrmeuiiasnnain

Sniwaduiisansanuenn 50 mm/r uazawievasiiany D=10 aldan i
ﬂirﬁﬁ 1 (Showers) 5(R(50mm/hr
A = -3.7369 dB/km
N6l 2 (Showers) 5(R(0mm/hr
A = -3.186 dB/km
n36ifi 3 (Thunderstorms) 50(R(200mm/hr
A = -3,4852 dB/km

WALTIRINITONIAN A LeLE996189%1F1 mean WAz standard deviation tiWafas l@widnmIaanani

agﬂugﬂmaa PDF LLﬂ$ﬁﬂ’1§ﬂi$ﬁ]']EJLL‘]_IU Log normal distribution DUNNNTMIFUNT
A= aRﬁ
LR

'”AT_”:(smAw

wld

bR §=i

u=
o

R ™

VOV NITAIWI NN Horizontal waaz la

B L1099 4633801

“ @ 00751

0= 1 ! =13.31557927

a 00751



269

LaINNNIAIWI NI Vertical a9z e

B 1.065

u=L 29 15 4347806
a 0069

s=L__1 144907536
o 0069

fMIUNIEL Horizontal  9zlel py, =14.633821, &, =13.31557921

fMNIUNIAH Vertical azlel 1, =15.4347821,5, =14.4927536

AIBUNFNNT P =F(InA) = Q['”AT’”j LIIRINIINRIAINTAANAWINNENTNANITANVDIH Y

luztluas PDF AfdN®MENNINTZNBULY Log normal distribution

NIUN 1 Warinmsla AWGN  Mdudn P=F(|nA)=Q['”AT‘”J WA TIANAINAIVNNNT

Aavananiziadpilddygrauteauuudgnaanaussdutitasunamaninaainduiiissadng

WWoavinun wagliadsdnnans s nmINIuMuR I MaN A BNUIoALUUATIDZ NI NIURAT
= S 1. Ao InA-u v A e o a M]jvd'
uaziiiayinmald AWGN fiuer p=Fna) = o 2= |ud sdaananaimafinsoniawzdaisd

Ay suIeauUudgnaanauaiduitaInNEnTnaINHw NI GBI

a 6
NIIAINTHLLASNT 5LLﬁ)Iﬂﬂmuﬁﬁ

Space antenna

20GHz

Antenna QPSK:16 QAM  OFDM Data stream

|
Datastream  QPSK:16 QAM  OFDM Antennal T T

Cloud attenuation




270

G0 T T T T T T T
40F b
20 B

0 h [¥ I VRV n u L ma nal nd bl d
0 0.5 1 15 Z 25 3 35 4
[

®x10
‘Welch Power Spectral Density Estimate

0 ! ! ! ! ! ! !

Powerfrequency (dB/Hz)

1} a0 1oa 150 Z200 230 aoo 3a0
Frequency (MHz)

gﬂﬁ 4 aldn@TNVBINIHI9IUVDI OFDM NG IBNNAES

Prabability of exceeding attenuation

i |
2 4 G i} 10 12 14 16 18 20 22
Attenuation (dB)

gﬂﬁ 5 LEAIMIRANDURTFNTUANT



Simulated received power (dB)

271

Simulated received signal

Tirme (days)

3U7 6 uaasdy g U ldnnasaimeanisduniaiy

T T T T T

] PSSR ST | SRR S
T T .,

T S ——— 11
e

GO F e | ............... | .............. | | .............. | ........

0 0z 04 0.6 0.8 1 12
x10°

150 : : , . .

100 b A— ..............
50_ ................ A ‘-|| | ............. 2
L ! : |'||||||||| ||| il

MR I : W
G MO S s e S et e v B e S PR i
100 i i i i i
0 0z 04 0.6 0.8 1 12
x10°

E‘].]‘ﬁ 7 LLﬁ@]Gﬂ"“Ia‘l«W!Ym’]iﬁﬂaLWﬁﬂ"ﬁrﬂ']\‘]ﬁ']%ﬂ']ﬂ%’U



272

Simulation of OFDM Transmission Over Ka Band Channel
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