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6:1 rl "4,K- 
,Ji c;rb- orj:11 .5rL-; .*.- ,Jl.r l; :L; g-El; ,fu" \ ,-r\y fi\.l

.51--oo;13"oL.51., (USSR) .y.l ,SSsy- -:iL?:l*;l t--; :lb r:^ 
pl .ril:.."y ,t5rr ->tf

;: o;l-9,oL.J-a)L/,.r1;l l:; l t a-ta1-\ JKj.r; sE;il c,rL \Y ,1l,_J ! U_f e-*"-

! ;t, Fe.-t-it".,- G\ 6:l 
^li J) fl,r ,-S)! y: :--cL A :3,1>;: jb; o;3: ei-

..t--l,r- i--.-tJ lLJutu .:l;l-u";: (Three phased satellites) ojLi a-- .5Lao;ly,oL ;l o:Lir-l

L-(TUNDRA.iI;l"t-") c,pt- Yt ./JLi o;3r L.-5-*2*.-rl;l-r." ):J" )) .,;utl" rK rr-Jr"

t : ; l ,  Gl tE,-5 lo; l_e.aL 6L"f*" -  6 lyCyo-. - ,1; l -u; - l  .c* l  ou pb. , l  Yt f  ? : t ) .

LAJLdtL- r-&; ,-a* Cl_r S.t_t"F ;: (Masking Effects) 6uV4 ':ljl I ea-al_e"

...u:!.r lL ,c-l ,fi Grlf (1. ";lr:.5 >u,) (^'stt_i .5[_l_9; ;r 6J:*+ -rl;l-e ,:b;;>1

;: l;.r,-L-a.(J dtl-l J,ilis- (Inclined elliptic Orbits) )'-t",gr-a: rrlrl-r" riii>'>

g*l 1.'+-1 
"(-_rr, ;lrs 6L-lj; ! 6:l .i_ry .;l;oL l{"tKio L-5- u,-Vlh eG.f t

6G e-f dl_"-a 1: --t! ;*-"j .gL-o";l-e"oL t-r; "ul;; ?_P L_lJ- ;al ,5 elt

Jat" .-l+ ,St--a:.;l.l-u^ jl o:Li:-l (ESA) ut-L-:;L J-L;i ;tji .r;; -"lJ J-Fl.o-

.r4*;-,1 a-"tJr, vlL! _r: _rL^" ulyt*., (DAB) JLg.,-: u;3-e ,glsa'lJ P. 6\y (HEO)

Fe -L;lyr- .rr"L A .:lrl-r,. ;: .11;oL F ,t ,[-= a1,4; f--- 6_ .S,-f 4JU" lJ

.SK-r"l ,l-,-j;l :-,11"t-:;r+ &A' j,-l .JL:;- l; n4, ;l: 6-;;- ,*t-;^;r1 ot;^a ias b34

;r.5!" i :  JL;

.c-*t ;-9-15 J-o -li.-7 -rl-q-r -rLi orlraL rLii;l .(LEO) _*_! 1U;rt Jlo.1l: -rr."1 -:l;l-t"

. ( - - ; l - r - -  ?g - , ' - - 1  . 1  . ' r sJ - ,S r l - u "  L -  +91  1U . . : * l  J . ^eL  i l 6  - r - ; )  u3L ,J  o ;3 r

V- \ JK-j .# ,:"u-t F * s o;l_9,.aL .-5 ; -S ,- ,.-7-:' ;: \ glg c-,-r.";l;: ,i;t

")U-) 
;.-LAL;- .gL--o.;l_e.aL .Sl_,r -t\b a;_l -rE;;l #, - uK ^+i .-uS,j' Jr-a:

ft -;\g (r4j: \.\ .a:tr; o;-er y lA,VocS,,l$ J* jAY,km LU;;l ,-gl; l: spot ozlj-aln

lJ JL-JI J o).?);ltli" C_)tt ol:,./ ,S! ;Le>\ll orj: ,glr'. J-L-, q )4H o)tJ^w

-*-!;-l+lr'+ ,f -t' ,SJJ-l);l-L, -,: o;13-ob or -i^1 ;t .!9-= ,'p:' S--.ss1iss )-* aa

-rl;l-u. S f^l-U 1,, jVJLi.^ crlyH, .:,t,l_y,-l (Y^, tcm;: o;lyaL 11 L p;r--r,-,l-l ).:)

b ;^"=- ; ,_ l  ; l  l l  ; ,_J:a. : : : i ; :  ) r4 , , : l ig  : :  l ;1 . ' r l  F: j  a ' - j \ ; l  'Errc

(";,J ECCO ,GLOBALSTAR) c-,1 or; :k:.;--
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c,lll-r" gQ 6 (Circular Medium earth orbit) (MEO) bs- Url ! ,S_ry_l, , i:"j .:l;|.i"

1s ,g;l"tu J* *-r1, 3 I . . . , km U)\ .91;l: ;lrh" a,r+ .$l.r^i 6rlK-L t: gV Asy-lt

\o ;1 \. :3.r- o--rb:..L" [ i .c*l c-".eL 1 ry.t-;r gi.r3L; o,1s .JL)Lut 6.':J-L-

J-<* lJ GV 4\oL;.-,lr,l; 6 oy;un jft--z, je) "15 ;l 
a:-j-- Fy,,.5lo;l3"oL

INMARSAT Yl . jJt; l n5) .:-l ICO a,",=- (: ;r-l1'\,s;,5y-; a"Ur,, 1.-*_*,5,-.:;L.r"

.(-l or; 4:;L- L0" cE_,1-t J." J A^ie Y ;: .;l_9aL 1 . ;l .glr.";,bi ! +5 (;*l .-ul .;r!.sl

.c .l c:1, j*-; .;l_j"aL ,l-t" ,rlJ, atJ_r* .Q,-lrz-t dJlJlr") *. ,Y L qglor,-l: .:lJl-r.

6j"lf f oVAl 
LLjJI :: s :ru: Ff t KbL-a : 4lg-l azLe :t.r:"j Jf .tl:pL

C-U +-ti: ,S-- ct;-*.a'..;l3-aL ;lr,L, cul ,*; -Ef o)J).JlJ u3[:,i o;j: .J;_A€

J-1ti e! Sll. A"\ dL"j J) G-*| d,, .i- ,tlj*: l: .rjl: :rK.t -e J J-)e rl+ oL.-i:,

.S.f ,-^l.p {;*: eF. /ir) ..l.aL L-i c'_Jt

_-$ l-orl.r- )l G$ ; c*l ;3* Li,-L-"*." ,.)-. .(Hybrid Systems).p; .gtag-.--

ELLIPSO ,;.=- Jril^^ ,J,;L +:,:l:,l 2t \1 6j)4 J 6JJ-lt -rlrl-r."

;r;l: Lnf[r, :rKL-o: J9p 
"f,G 

.[l-u ,a_;3,"L c*--U ,. J<:-. rlr. --,H:l

.;ljoL 
LU;;l ,JJ* ol5.l-: .-i1;y ,fiL a:;l: u;:J{ -r"! 6.51a-[ .r"l*lF efJ q,

oL- o ,J-"4,.J-itF .fJ_+ cs--$ Fe 4 .Sl_t.(J a-7rj,;r.51 .-t:5;s; ,f"t-e

.<-_ ,.5 -S ,t-l;l -*lt" ,,_l 3 .:r5 r:;i 4Lr'U er" o-k Jzse l[:l -+ :: 6 -r-o:.r,

cs; 45 .gla+l; c-:lr a>:p -r,_L Ll .-ul;[.r" ,i-L ; I u^S d..G.gl;l: ;*_! $,i;;l ;l.t"

-;JI o,--g1 ;: -*:.a5 ;i c;p J )-p€r os--: gr3;; ,,l ;; o,-.lj :t ,)J-€ €l: -3e

,J-S,r- c-+ d*-! ,l.u ,l 6 .gl"1lyoL Jl- .r;L..r" jlrs \, +LaG -_y 5 c-l o;l3cL

.(-- ;: 11 .g:3Ja LrjL1 d.L.pU 
'L^--- 

J rf J)--t a-JiJ .i;: 4j>jJa g) Fe W

aS (dB L;zt- -,r) f .ye ! .5t".r-i \ ;*:.91^.tK:*,_l ;- .5,_t t^lt ,.rs* t--.'-oJ"

c'.t-jl o'L.:, - .;g fL^; C-i.*..i L. l--16 -r_l-rt+ J J:S,s- f^l; l-,.rJ..ra:c-a-1

.J-,5.5-:L_1 l1 t-4;i c-; o-5 ru!.; l3aL.;L-r; :r\ ir44; t te.l_!,,; l t,gQ-aK:-"|

La.;|3-aL ;l Ll .c-l & e-t u-\y e:-31, u*j,- 6\11 Vra; -*l[ar"j .;ly,oL ;lyt:,

JJ--o- J-G !-J- crl;l-t-. L- 63"aa -rl;[" L q5La.;l3oL L--t, 6 | ,+] ,flj ,-F:l

.J:5.,- a-ali ,i*l

cs$tj tt *ly€ J-t" L- -,IJ 64 .;ls..i;: o;l_e"oL 'K- ,(Elevation Angle) zly a'-1\;

4i jq a.lll ,t:.t \_t tS-*- 6\y t: crl"t*. S:ltt4t<"| J ,F _r^U L ,- 6\L u^al-



G-ttl) ,rl)jb
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"tU"

c-tlltzJ* L- u;Qly<ee-p FW.F-lil ! ;lS e'31;,c-U ;*j .;l3"ol" 5,- )s-f ))

.+t-.r" ,;aK otIJ^LJ ,-:"j .lSi--l ;

a,rl; ,ir-: o)3l-r;r .5ta^t(--l .gly ,_."j1: oJ: -tl.i 
"fj 

.;l-9-oL .JLrl ;'U-9 JL;l 023: .

,rg'L; rt,r-i".r-l .s|:,r" ,t\osec t-;6f--t *.t-C*l . i-;t 6t3"t ,U;j l i tr ' j  Ll ,. i5.r,

l; o:lr JL-;l 61r,. ueL;6L^.$:-t t_ ,.riJ; 6UUt5 cSsta S\t1JF 
"[L-r;l 

o:Li:-,1

.r-1 -;Q .r;l: .r(-yS JLS| r+t S.l 6 f .F-! :l-t" ,5,- ;: 6 qgl o;l-9aL .-S 6' 6^lJl

.5,.u:---," o;13-aL U "'g c---j1 
"|,G 

ert";^-a y o:3,,5,-:;j 6.;b.K:-t ;- tt .il ,-rLj

,.-"L; ;--l JJ) dL^ .L*---l 6lr-, ,.J-;L ,)i >yn JL-,1 -r.Fi JUil e A Ul .$L,r"

."t^lL c-cL J--tl" -t>;: -tllyl.rr

l-, .rrf, .5Loc-J-.e* -r,;l: -bLi;l t+l ! 5 ,rrt{alK-"{l t + c-ru;r.i .gLr.;lyot" .r[ls .

s 6--6; c5t"-Li! u-l-b L L-ad--- ar.1 '[l$ JLi t: c.-tLi- .J5.5" J[:il ,J[*-l ;:

2> aS yl-.gL-a.yljoL E 5=<f ,5;ltu rLoli .-t--l.s- a#JJ 6jt-,.gbc-='-iy,.

.gLoo;13-oL.5rlJl ol;;l -r_l-c oJ-: Fl$ Ch- -..-l,Jl a* .",:,, xSu. J^r iL51 JL^,.JlS-e

;--l Ll ,J;5 o:LL-l oli:..5t^.,,i15_p yl .*13;.rr -iJ:i" ,_gLa--=- S rS e -S _h n_ta

s) g-t--tl:.)1,,1-; e<lJ-i 4-:iL_ ueL-a:>l Fl5; dL^lit? :l-h; .-:r3J*, $+ t"nry

'& - ,,5-tlb" U \ a\j,l *j 9,,-l.l: .t'-r.,J >jJx tut-j;-t\ GIJU;- ol:f -,11 c-*:

Otr; !.r*:-- JA dr-LA,1lJ" 1: "i:*".gt.o.;l3oln tty;).d.*l o-Li )3Jru 6 :f a.>ly

.s* \J or-l , ri; 6S-t 4i + f--."-.<--.--; c'.--[ll ool-r; j o:rJ 'd
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+t-s" FK o;l j,at,.g;1.r." 1U;;l ;- l i l  ! rr:f,r l t lyg 6 gf ,L"-([rl:rS.t. '  .

;: ir[i r,1-1 .;l;nL Y" rJ,i> ''aV )V;:.*l ,,-rJJy"* i:^1" -tl o,; o;l3.oL

6-;r'2 1': L-.oo;l3.oL:l.t-^; +J c*-j lJr.j"-t i ^t-St .r; l::_9>j 6:lu.rg JSY1.";r,16 Jt-

4t_ ,;-l;t .ir: (.-,^l-bl.rlt*l :6-_,r\.-,,G ,-5)U 
">\i),-5rt-r" 

o._f ,.,l6k 4
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a-*a .t-*r; G-y)l-t J-St 4 -,t 6>t;J'lj 7'j," .:Ui;-"| jl dl+^ll 611. u,2,:11 oltp
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l; : j-+ 6l)cl L ..j.; o.t*i 
Eta.l cSk;)u 6 c*l (ITU) olll;-.rtLJl,_ro a,_:t'jl ;ti ;l

. , - 1 l  e t # l  i 4 1  S l  . : r r i , h * l , p ; \ . E l r a  5 : ^ U ^  e o ) l ) p l > l l  l ,  - - K p r ) z : a ; . 0 ) F t ! .v  -  
\  

J  7  r  r J  u  -  
\ -  I  r  I  r

ITU ,g,Q OL"jL- 
'l-A-l

S-- + c*-; 45 c. - | ,-}_L ..rL;L ,:t5rl Sa- ,(ITU) ;y: 011 ;lr,t*" .rllJl;- a,-rtJl

JL*II lJ (RR) g_1-:l;.:lr-J" ITU .J-56-,,5,-rt ,;s j::.:l;bl t-; s,H.il J_rr-jlF

61lj>\ 61,-ib' I ;+ cdy-)lr c5l^,jlJ,:5 y ITU 6Vel oUl:l ;l ;tK-r--L*; L-; 6 sa>u'

.t-S e :l; ,s*:-t \J" (WRC/fuRC)

CCIR :s;u' n_J,_s a15 -er l-; ;Lf^cJ ap JG*J, \qqf U \qiv 6Ql 
"p::

.(J-l.|;J Jl;.f ._-ulir- G,ty:, ar:S) CCITT s (r/-1.'-tl: ol"t; .'ulr* 
'tr;' ^;yS)

a-i ori ,*U ;S; o>[iil .:lJ;* cirtl" ,_r-:t Ji* (IFRB),rllJl"* ,_r-15t c+ c+^

MIFR) crJ.#l !-lJ.Jl e .iS;.:-: q5;[a.( J e-y-:l: .>l;.iu L y4s olll;l i:-t ITU

..r-!.r ((trlas t er International Frequency Register)

:c-1 o-u; f-r-A J-.1 ui. l a- yITU,\111. JL;l

L ,.i + ,,-r.)l-i 6 \ ,;s oGyas, s crl:t-./t; a5 (ITU-R) G-y]l: crlyt; ;;'1

,:;1.: oJ.6-c.r c$,-rr . ,-r1J" CCIR J IFRB

;: CCIR + b_r.-t.:Ull" J CCITT _tS 6 QTU-T) ;3> ol; .:l;t*" 6;Lr1l;;[-l ;n

.$r./ 3t+.;l l; .r"-9*r .gLoa(-: ! J_.ir_rl: jl,,li. .SL^+t- .rl;l: -bL.,1t r;3,,

,K.aUa auy 6ls Gt* Jk-L .<,_ j (Forum) -,l-,tr .i_ JlJ+ oS (ITU-D) a*-y; ..,;eq

S g ,h.ok- t) .:l;t*"

o-r-ir^ir, CCITT r CCIR (.G+a-rs 6,rrlf Jfu t 
'X; 

oS ;frtl : 4; ,+ fU"

.c-l o.u g+.lLjL c_sLj> ITU-T J ITU-R 6y 66Vt o;3..2,-r;'51,-a ,:j,

,"1 Lai cd.g.Jl.l crl.;1|,*.o,SLlcrr_gr- Y-A-l

+5 : *;-,- L-ny -,--: J_L rt G-y-tl; jl,,l;o .5Lo_-,_J.- | G-y-tls i:l."li" ,>l:P

;y.L/ -L"-* eV Gl1e c5t^:r/;5 6lJ ,J-t-t\:613ll c,rL;r U_ 3 JLll ,>:p.

(Fixed Satellite Service) FSS c+U .gl.1lj,oL e-Jf .

(Mobile Satellite Serttice) M,SS Jl.". .gl.1l,aL J.-Jf .

(Broadcasting Satellite Service) B.lS ;ji-l 3,->l; a-"Lir, ,;1 ,_gl.1l1*! u--sr- .



G-t-rl) ol)ju

(Earth Exploration satellite service) EES G*j -t[sl .51";l:^L rt'-Jr- .

(Space Research Service).tR^S s,-L;j ;U"t; cr-Jr

(Space Operation Service).SO.t cr,_LJ .:lrt"c o^-Jf

RSS.*.:-;.g[" 
"t(.-_l J-" ;..- .glr, .gl.;l;,nL ,r,-Jf

(Radiodetermination Satellite Service)

(Inter Satellite Serttice) 1SS .gl.;l3,oL t_d L)--Jf

(Amateur Satellite Service) ASS 6lesy/'.91";l3oL !r,-Jf

.J*il5J9 LJe+latE; f-A-'l

eLa;l )l t .r,;--:l; .:lrrL;. tSGrr'_Sr- t :*L". o:[i;-l ,-Llr, G;St 6t"$ti

S j ;4 J--Jf .t-J+ a.r: ..l: L 3 ory .roE ,t-sr , -r@'L- {tL- L)atesl .g[ar]L ..r"!.r"

..r-!.r

:.l:^^-a /-j a->Ll a- qok+ 6+r; ,.tLl tta-+a;

JeL Ss-ty-:H;l .4L"rrg .LL_li.qrrr :\ aoll

G.yzJ Jkj sli-r"i:v o.-u

gL 6s,t-y- )tiil3 4jL-JJtr -11_a1 ,t-fljl3 1,".i:\" aot,

:J5.4 o:l;'..1 -/-j c5t^$! _,1 cltj .glo;l_9-oL .p-s:- ,1):,

pL- Ln-r".=- o--l) LGnz r3-l> 31;r-L .<!J 1 GHz t_9s-:: _l_r)! .i! L .gLo--...(-iJl

-*Jij) L"d---.- er-t.'-_r! t-i tA$L ,1.1 .(xs-'l a:;L; C-tL L-\ltGHz,St"f.-=*

.c*l J,tS Jr-:rd Jt' ;i g.;J.t 3 o.r.; o:Li:-l (,rpylS--r"i.rlx .gtaa4- cc**l[i-l

45t:; ,_gL^rr-1-) 6lr'Y GHz r-r-t-:t.r=:! .*-J j zr GHz sjt- _r_,Y! 4 L .5ta-"1- (.-,

.-J3: orLi ,l ,glr- u)j:.:l;l:l ;- ely:*t t^$L J,_l (X$ti t_ AlyGHz cllr:1 ou

. (+ l  o-L;3; j ;

.(J .glr- \\GHz >js> u-l-S; _,:_,)! .fuJ .Slr \LGHz )J-F d*jt5i L .51^g--.:.- (6

+ Ls:y Laau=- ;.-l .(Kul-\ | ,\Ll\\GHz dlJ '.r oJ-i 45L-i .9t-,"-^--) JJJt-q

.('r*a3 .J3,_ rrli) S!.f Fl .,;LL, c5L^c-t;t

.LJ .5lr- \,GHz r3-t- ,"Jt5i: :_,)! "(J .5lr- Y, GHz:3.u lt5r.e t .gta--=- (:

,J;*).!U :t_1 ;U! cSL+ ,H+ (X" $L f ./Y ,GHz ,1lr:,.. ol; n:;L; ,gL"-*.-) JJJ*!

.c-l d;"_lil Jt- t) j:_,.r" l"-tj! ;,_l a, a,i)l..c r,-rLi r3Jx o:Li:*l ;l ;U f FlrU _l



\ 1

l-l J:-t+ .)J-L_/ orLi:",| qg;3lr-i j

u.f.ie

\ l t-:* -a .:[!31 ,_r^t<\". GHz;l ;\t c5t^$q

.c-l o:r5 {*at\t lJ )! +U"

r)-St o+:p;; l-\ J:.tt

C\h.pl

dJ,*.

6la ,b* .,-it5j crt^rjt

JJil, .K.J /ey3a_\ KJ

Or-slt.>l1tru .s--Sf

C ri\

X JUl,t

Ku S\

Ka sJ\

v -$\

I JJ\

K a , $ \

S $Lr

K a L \

s i \

6/4GHz

8/7GHz

14/12-11GHz

30/20GHz

50/40GHz

1.6/1.5GHz

30/20GHz

2/2.2GHz

l2GHz

2.6/2.5GHz

(FS.g) c"tj 6,1 o -sl 96 rs--2 t-

0f4SS) rL- ,4lo 1l a.oL -, e *

+"U 
" 

j io clc , l 
"ab 

- c -

GSS) ja;;Jb -e-sl,

:15.r, o)t;'.".1 ,"_; gLalt rl .51.;1_9-oL .l-\S' -*-sf

UHF J (\ tA-\ o,MHz JJlti .(! J \fV-\fA MHz _j4--\ K:.J ,rL; ,_r"t' .r-Ki) VHF (.,i.11

; , , - l  ( l o i - t ' i .  MHz  y \L . .Q :1 , . - ! . \  MHz  JJJ t ' - !  dJ , : L ; . :U ld , t ; t 5 t )

.c-l c-rt j4*ggt^-*"- cSll Loi l-n-tL
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(-r ,t4ll-;"a' c4J" ;l .LStF of tt4l, z, z q + 0.,11.9o1, , G-Vlj,a J*

:[-y-c/ ar:- (ft-Y)J (ff-Y).r!:L" .;-*l ],e "-5 lrJyt,-:1, 6:jr-- "rS
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t:!.y ;\; +-j\; J .* a"-j\; ,a,3\;3, ,,-l !_.*"
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:d-il: --al + )L L,l e; ;l ,c-l PNT 6jl* BNA aK2-ta,i ;l
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u(t) = o orA,F (t) (I/)

,tlla cslv#s.t

(o-r )

.r-:!,-f ;y)j-t": c-=*L: Oor(Vf Hz) 6

19rY9.r.oc r*9p Jr .11.9'r ,;"5 JtS+ Y-f-t-f

)t-,J o:lr y-j ^41-, !;3i)3-r."r .tJf )) J! & JK.

NoC0 = No(o* f A)'(ztlf)' (w lHz) (t-Y)

JG< ;y'/ ,f ; ;$ +5 c*l ;9)3*r 6>s:s )t t-t & JK. U, s ,-lV n:,,1> A 6

.+!.f 
"F"lil .-r-Si 3-t \ : o:i '- rU ;3i)3.t,: ,-trJf :: ;-y &

;gY9.r.oc '*9f )s ,..1.{ JUK+- c.,-.*i l-l-l-f

6+L>, ty -i Jt<.- c-*;,(}-f*d u;=U.ttj.q q oJ:;5 al3.r, Jt<* e(,- r;3,.yr

:L c-l tlt.d_y- 4_S ,E J) B' =1."" .r:!,JU+i.(- -t) J-yoli ^?itl",;9i)j-t"r

s/l,r = bl Q -f^*)](tr^ _ I .f^ _)' (c I w o) (v-f )

-L, 2: "r-"q oJ C/N0 )lJ-l.,.c*"1 .r:r3 6>J:J )) J-!.Jli t J.t.- ,JlJj d+ ,_)K= C/N0 6

;l r:-i[-;r .r+j "t<---1 a- JL*;l u:='; "K:*-l ;l 
"f"t5 

.<! t-t 6 c-l 6,tlJJ* t-* ^:o,S

G J)11 JL-;l ;: )1. tgs.s d;1,-:v3-b: ,ssx) (Transpqrent Satellite) ,-sli; o;l;,-^L 'S-- a-h

.c-l ol; o:l: erl.;] (C/Nl)r t q-O .t+;:3 -1,-i .rr g+$

r-rg*+Vlu"t o;QC f-f -l-f

Jy; ;l B aS J5"-. JL: i.l JjYJ Je> g>rtt :t l: B ;u! 6t+ ,-i- or; aly-t, .l,t-=

Jti--i l  L ,:*-b'BN JrL"'-y.It i crUe.i- ggl;b "-$-S 6 )t-Lf uc-p.r-\g c--t, sy-;S

c*lN=NoB, ylr,ry!3r"t IS>J:J )) J-! ol:,.) j ralr+,B" =B ,l- l-t\,J-it J*t-,-i"b

J_tF. V-Y a-JrL" lJ .J*lLcr" C I N = (C I N)BN ;l-t-L .9111: j-_f il_/ t ,j"l- ol:, -^.- -r

1
: -u_t5r  S) iS

,s/1/ = (l 1 z)(a. 1 y^. ) (LF^, 1 .f^ ̂ )' (c l N)= 3(1 + * or)m'or (c l N) (^-Y)

S/N Jl.ui., ."r-llr.f ^S / N = Zm3o*C I N ,>;3-a:'-l;r c.,L;L 3 :-r. GS o;lJl a, mru *4

f J c)1a*Yi-1..> or4 ,S-- ,,-.,Jl6; o-u; aly-t ey &- rJ31*!3-t"r l>s-,_/ C/N )l f )j

,Jtj.e" ti ,glo;l3ot- eQ ry',r" c..c! .-_r* ;,_l 5 +5 q" .5./ f^l; ;,r q JtK*- c-,;

,i-lfl J|i*i;I ,t-;! cSL*e- t-1 or*)r-r, ) o* oF.rr f^l-,e oJ::5 al3r" JU<- )\ ; )J. $1.

-bt-J:l o;lyoL .<jJ +5 Jl- ,, orLi:-"l r;y, r:! .Ete 
",i-lil 

! rily.," C/N f tl-to" ,41".f
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",JlJi-rjt,St^e Jrti 'p! ^Sl "C/N--tL. cgt{i Jrti 'rL.l ,"_l .: j)olr- cr;b c-_:3-uu olyj

sgLaJtK.-- JL;l .glr, \ u*6; cJ;a-!3r" 5 c*l 'fJ-/. S/N ,S-_,l;l a, (.rl.r" oJ.rlj j*

.JS 6, -,lj- qglo;l3ot" 61o.Q ap ;t 3,JU\

jf)t9.rrc 4iU*rI A-f-'l-f

.g*l .":*" 4,Yj-1..: ut;-i p\$ls ;lrL -5-- :l f _,;. C/N r,:li-,ljl I k:i A-f aJ:L,

y_j., 0.. JtK* ,-^.- J .r-ir ,,otl ;3i)3-r"r ,_trJf _;> 6l\s* 7r, :l S_t.iL-i ,l ,:J ,,_:Li, ;r

^a ,fu.;;p)3-ur ib-i .r^>.r" ,*^t5 .r:-../ orlr (A-f ) L-i 6 t;_tl& ! *-G" ;r l; S/N

!" gl^-,y):-Lrr r;yu ;) 3 o)3r\ , dB >j,)-r- J;r* .glor;)3-t,: r;jr1: 6 r;lr ;;)3-r.: 1r;

.:,-tL \dB )Jb rjlicr^ "a:iL- :-i.+ +;Li

SCPC/FM 6il-r1,,s!.U' Jbtl f-t-f

d3* (SCPC: Single Chqnnel Per Carrier) ,-< -.,& JLjt< ,K- JUq- a-l=.",, ,J*f

..*-! or-5,;-<!Jt" C 15jtii ,.r-lfQ .)-y-,_/

.19rY9.toc ,Agf )J ,.y t JUS*- c:.,*i t-f-t-f

'.)t-./ o:1: r,; oLl-, !;j)3l"r 6Jf )t J-J 913, "1 JtK3- oli c^--i

s f x =:kq )' 4.f^ -)'l p*@ l w ,) / q _ f \

(Hz):-; JK* jl .-/U (rms) u2y L_y -,^. .r*"lt,r .rlFl = A4

YL., Hz =Grt JUK ;S; -f l t-  = f^*

(lo dB) errrS -r;."t5;l ":[i;.-l o:.f y: j (17\" dB) JSI:\J, ,5L,-*" jl .rru )_h41 \---r? = p

$ to dB) G-t'g-y e)s --L-e = w

.(Hz) ,sf 6)r)r i r-t d+ Jg- t &t- ,Jl;, i*- = C,0,'lo

,_-j.,j "K:--_1 rl .r-K .<-J ! ai c-l 6;ltl- t* ^r_S P ;: C/N1cSl: J_! 6 62lsi.

d_1+)3J,r 6-^ ,3rlU1 JL-JI J)) !-iUL-.. 0;l_9,ot- S-- F--h;l c--i[y: ,.:rj otK:-_l I JL._,l
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( \  . - f )

.Mo=u;S j  l r lF lF l l -  = gLLF,  (Hz)  :o\  ,> 6

Bu=B=2(LFp+ . f ^ , )  (n " )

c.->-a Jt*i Jt4- jl ./t ..,-Si JlFl ,Slt- r-r,-i..r" c*-r, ;t) J-s-ra. LF, .>rl*

, - - "1JJ+J-G-16 j l  . *b  6g- - : - ,5 ,_qJU- ,  iaa  5 , - ; l  . r -Urms u-6 ;  r l l ; J l  a ,

\ odB )l; jl Jt i ;.a-a JtK- ,5,_ ;l ,r-U rms ,-Jlril a5 -rar.r" C gfu ls .:;l> u!;^

L =10e"*o t t502) /20  =  0 .35

L =10Q. /2+ot rs (o t2 )2) /20  =  0 .53

JU15 o-r JL-"jl fK;-o ..rl,1:t5 ;l 7.f +(1 .,.; \ l.rJ .r4 ;:* ,r-S; lrlFl -flt- rl ;,*-!

;l if; rms u-S; ulFl (*-J ,03)1.o .$ ralJ; g: 12.6 .J,r; \ta C- J<- 1t2: ;i1:

nS t- ,e L (Load Factor) e_:\S,t\ ?_re JIJ c-; JtK* .i- 1 Jt*r c'>e JU<r- .<,_

u-,*:> ,r,-lyl-! .,.u-:,!.f L,o,-rl-i, sE ,'1, Lac-"|: c---,i .c*lrms Jt<-- .gt-ar;"l: + L_yf

g+lli c*l or-; .-ij- Jl--i t:...x.,a Jt<* ,-;-S -b _,, #4 r .gyLJL*i -r:; +J (\-f )

. - : t .

l-r>t' .4"5 o:4 (\ \-f )

(Y-\-\-f u;+)irf .ur"S U

(O"_f \;ii.lJ O9{) scPc/FM Jbtl :l Jtlo f -f -l-f

.)y-d ^-u,5 ,tr , \ oKHz rjJ> ;r cSJ,! .9L.61 L .t-(.-_l 3r ;., g;l.:leat" .<! .<,-

:;l .r_Lrl .r-t5i !tlJ.*,l -flo,(YY-f ) gr;31 .-,Lo t ! .-t-i!.f S/N:50d8 p >;j" c-=;'.5

LF, = B N I 2 - .f^u* = 12500 -3400 = 9l00Hz

gi) ;l-r; (YY-Y) -,1 .tt-rl LF, = MulgL=91001(12.6x0.35)=2063.5H2 
"'1 

.r5 jrt2.;

C lNo =1sllr;f{:ft lr, ) '  t(.f^)' lp*}=i6.r rlBHz

:L c-l tlJ C/N Sl.r lj) pU:' )lr;'

C I N = ( C l N ) l B N = 3 2 . l d B

(CFtttt= o.ri u;,.o|5 FM :6ssS .LLolJ b.) SCPC/FM Jb;l :YJlJo f -f -t-f

ln ef  .+ -h - , t  L=0.53, p(dB)=l5dB+6.3d8 =2l .3dB - t  w=25d8 \L.  Jk" - , )

LF, = LF o f gL = 9100 l(12.6x 0.53) = l363Hz

Cf No = 64.7dBHz
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:L ;*l Jlt CAI.91,r p;Y plb )lJ;.-

C I N = ( C l N o ) l B N = 2 0 . 7 d 8

+t_.r )J=e.. \\ tLdB rlJl" q C/N y-lst".

FDM/FM JD s.iri$ Jbtl A-l-f

;l )-cV (FDArt) ,r;St FJ ,-il,,rrJ\ -(-- ursf ;) o-Lj {y, .JtK* {"_rj"tr

.c-l ori ottri ITU-R5.464 a.ag -,, -rfb"':=, ;>la;-:t .)-y.d '*;St al3-r.",;il JLitSn

19'rV9.r.oo ,e9f Jo .1.1.t c,f Jti5.::*, C...-.i l-A-t-f

Jf S/N c---.J .-tar.rr ? .r4,rJL -,, .t)! u:a[ JUS )t J-u q JK- r-*i ,ry-rr

:)J-e o:b -r-j o-,t* ! JUIS ,,l , J-?.tl;3;; Jt-<"-

(s/N) = (LF,I .f^ *)'(t1t)p.(c1 N,) (\ y-r)

: e i ; : 6

,c^*; JtK- jl 
"/U 

rm; $6 S eilr;l = A{

a-r ..5._, ,.r-: cJ*<L_crJt" ,ri-b .StaJUK rl-r*: ;l ,r*U) ,_,*<lrrt" Jt<* ,r-t5r9 jSlJ- = f^u*

,(\-Y Jy-r+

,(l\, , Hz) ;ilJ Ju5 .i- -u! 64 = b

,(\Y dB)ts:f r+t5 -,1 o:li:-,\ ,>y,a:> j (\dB)-g;'Ut, , .r5"U; jl .,r"U )r& \-_-p = p

,(\ ,o dB) 6;,gy G)J ?.r2 = w

.(Hz) ,*f tS>JtJ )) Jy,Ab JQ t,-l.t- JIJ: =ClNo

,5._ e",b;l c-iLy: ,r+; .lK:--l U JLJI 
".:."; "t(:--l jl -15 "<:J ):_f J) 6 C/N0 ;lJl-

i (C/N0)7 t+ (5_rtU1 JL-:l Lr )J Gs_s d;a-);-rn: d ..r:+) JJf -F -,r $-tt r-rtLi ";l3orr

.tF,_l o:l: crLi,i q-0 ui+

jl'..i ojgp *! At+* Y-A-l-f

'.)r.tJ *i; ,F _,, .J,f !-; tt*l,lB $q c5U#" \ tttB,,r:,^( Jrb. '-, r,li caL#

( \Y- f )

lFu = dS f qrlFl ;Sl,t-( Hz) :gL/F, aS

B u = B = 2 ( L F p + f ^ * )  ( H z )
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Jt<-* jl lU d;St Ltlr-"=j1 Fl-t- i-r,_i.r" c--r, i) a)f/Fp * Ltf otV

JlK.* rms +.uls t Flr- +ilr,-^--J \ )tg \--re &"\rms u-SS,-rlFl tu d5L:dJt,

:g;l: (f-Y) ;l .u!.,, L^ol:, ;Ja L ylr, Lac.l.: c**.,J ..:;1: ;<L- o-EJ'-dt-

g =  J0  =3 .16 ( \  f - f )

rms u-S; rrlJr.,l 
"i .-r-<\,1t" J[.<.- 6,- ;1 ,r-U rms u-lS S -ilFl i-J ,oj)to

c*l L^JtKr- ;.-\rms.gloa;b c*j 45 r-tr.f L 6.lStL ----ra JIJ c-; JUK.- jl ,_r.;l.i

6 )-e--1./ Az4 ISZA - B1](Y-Y)J (Y-f ) ,(\-f ) .:,):L" jl .r-l,4!

:d)rs J+tS ,JJJ,

L = l0( 15+rorog,)/20 
n > 240 el-111

1_1gGt+atoen)/20 n <240 el_114

L =l1Gtt2+t01osn)/20 n> 240 ol,1la

L =10Q8+4rosn)/20 n <240 ,Ul+

(FDII/CFM FDM t"t-: rbls FA4),t:r5 -r;t5 ,,J,1- lt st< : lji ^9/N c-.; .i- upt L.

C/No ;-;l4K c-[ -,;3*.a ;r ,*(tlt" r*],.+-lil L-C/No cSl-i fj\ Jl-r.c." diAt5 e.-a! t-

.) ci . -o o-1,: , <Jr , (U[i" ;: cJ.Lr ,J-l .)S- €

(O..f .t.;,-o|5 O9.!) FDM/FM Jbtl :t Jti. f -A-l-f

,j"l--.:; ,-r*<!-.Jt- 6_ J $-F Jti-:l lJ -u! cat:€.i ]y& fl a< *f -b st ls,J"t- ,-i-

.rS 6" J* 1, ;4[ JtjK qVY

(\0-f ) +Jrt* yl .c--*lf**:4028 kHz tlr, \-Y Jjl-7 jl u*Lt.,Jt- '",5t Flo

:c*;lr a-a13,- 
(Yt-f ) aJrL" yl J L:5.54

A,F o = B N I 2 - .f^u* = 13.97 MHz

LF, = LFo I gL =13.97 l(3.16x5.54) = 0.798 MHz

:L S/N:50 dB J;l +, (YO-Y) aJrL. ;: '/-&q \

pw (dB):4 dB+2.5 dB:6.5 dB

:c-;1r--al;--

C/No:92.5 dBHz

. ) _y. e C/N : (C/N il ( I /B N) : I 6. 9dB rl r C/N pU' )l fi'

( '\ 0-f )

:4rr5 -t7t5 L

(\  2-f  )
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(or-f u:rroL' b.) FDM4oFM Jb.rl :Y JLio f -A-t-f

cd:r5 +15 \ .t,t -rl .)U'".1 u*<LJt" ,)t^.a JL;l .51r, Y\MHz t[;- $q .Ek .i- rl

lslJ L:8.6 jt-in,n:972 'l;L;i ;\ aS t:Su" -*- (\2-f) al:l* tr aU" S,tlS-,\---ro

,y-:.:i,g c-J' l, l) b.l-, s *-1rS

LF,  =  LF, I  gL  =73.97  / (3 .16x8.6)  =0 .5 l4MHz

:L c-l )tpw )lri '5fi{:50d8 ,l;l a, (\Y-f) 2t a-$-V\

pw(dB) = l'1 dB + 4dB + 25d8 = 23.5d8

:! ry,.f JljC/N )Ur' )lJ;..C/No:79.3dBHz a, )J-L-/ $:;CNo dl; jt: :13a jJn- 3

C I  N = (C I  N)(r  I  Bx) =3.7 dB

cs$ ,!S t-b..J.g a./_1 J- -,, .)y,_/ \Y/\ dB j\J.trrS r:=,[5 4--,1 "S 
all;l or4 +_l_rQ

.5.;) i:*1 ;;u)y-u": 4jtl-i ! _,:l_t ,Pl* C/N )lJ'J^,6 tr- ;:"t" c-l pjY lt--, ,+i.r-

.(A_r_r _f .ir=?

-[t{ caUe crL-o .gly 4,b yJFD]WFM JL-,l ! $l_r,.t ;r+"-a FDAI/CFM Ja)l

JU< -- f*^ J-S; r5lr-- 4K1 4l=i" ! .rrJ a*-li- C/No:92.5dBHz c*; J Y\ MHz

,c*l o.,u; d5liJl" ;;I; .gtaJUK >l*: n 6 S C _E:ii io ,,n o;3..a:. !_F .Il ,*<li,r,Jt"

!  \  Jt-u y: ; , i1,  JUKqVY c*p-h eJ -ua:cr". iL;J ( \ t - \ )  _t  ( \ f - f ) , ( lY-f) . , ! rL,  l rJ

.4t- r;_lil ,rt[ JUts Yo0. U FD]WCFM o-r-t )l o)lA-l q i,re FDA4/FM

scPc/FM )r eHl.* Jbrl ?-l-f

jl J+ Jt<-- ;r;,u: iJs:,* ,ty_t_..# JLK=- oL-y J=SL.r-.t ,#:l:s*j4,J"1.=

{-*2-f J Y\Y oJL--: CCIR o4l; r:.rJ'U13 r {;'U,_r-l JLd:i )t-,_/.rf'Llyl.-r;,*)3-r":

.c*l ou o>l: ITU-R F.405

;9rY9.rrc ..i9p )s l.y "{ JUS#" q,*i t-t-l-f

o,-r-;;lr o-ts 1y + Jl<* c-.--*j f J Gy-t"* Jt ".-,1 6\y uts -iJ-a

:L c-l J\J. )lJL 1l ,4;un Jt* (Y-Y-f.t+ .5.r)

^s/N = (21 z)(tr,,, 1 a,)' (1 a,) pw(c 1 t't,) ( \v- f )

J:t- lt5; ! Jt-Jl o;*: tS)r:r;r JtK." sG 4 tr 4 ,-rt5;; .slFl )l;- lF7pp 6

cSbr--- .9lr-,) -u;t.r- .r;Lt, -r ,J'u";* (Cross over frequency) -f, ::l o.l; eS t

.<.r tJ .<.: o;"1> j (c*\f, =0.762MH2 cOYoT'1. .gLa,*"-*- Slt s .f, =l.5l2MHz ,lYo/0.



[CCIR Report 637]

r $ud+, '#; -;l

1110;3 cal* .r.5"U1.9

(dB) pw btf

ii; ,sfc3lsl sti csUe,

o*f 4737 tB,
(MHz)

r'"'* lu f.-t- L'

g,-/ts !;|.L;.:l.u')

(a;ti r: f_/ ilrd/

\ Y/A L, l M 0 Y 0 / 1 .

\ t/A o t ' !r--i-

\1/r 0 t , B,G,H 1 Y 0 / 0 .

\ Y/q 0 r , I

\ r/r 0 t , ,)t-S,-

\ A / \ D,K,L

\1r Cl.ttu cW1t

6p-y-t-s cra)dj-r J {5"tilJ J Jf'l.i ,r* )l kV S/N .:*; r) )J:e \-f Jr.rt

.L:q Ut+ Bn .'.>-\,grL-oL-',"-o crk-J! ,J.U _r-l---, Jt<* qb ,<" e:,,\t | ,;\r; V7oo
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.t-*.-_l jl ,J"15 .<;*l L._d +5 c*l ,S-:lJi. ,-b) ):f C/Ns ;lti" .;--l ,trS 6)J)J ), ,--t ol_?

ct:-, d-i:-"YJ-t") dJJi) )-y-./ gta.,l -ra: o;ly-oL A-*:t C--iL;: ei-j otK;-,-l a, JL;l ,r;;

.c-l orr o:l: ol;l q-0 
u;+ ; (C/Ns)7 ! -,1-r; g'-l ̂ S (3 jt:i J;rt -ts G)J

. l l+ c.;g".t; l l  Al*f" Y-t-t-f

,"_r !! dL+ r-ili J-t- L-; Jti-.:lB $q ,5U+i "elt G*\ Ug* .glrl: J,_ti "-U-rs

{CCIR 215 G)lf I -r*"! y-j )\rL J.IJ. $-! Bro .JrJ J:t-

Btr = B= A,Fr*t2.f^u* (Hr) ( \  A-f)

.f^u* J ofi -.-f J+ J.it*a A.E&e

I JU" :2YA/A. ,_Sy.s.* Jbrl f -t-l-f
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: " ,  rb ( \V- f  )  i l

s / N = (3 I 2)(l5MHz I SMHz)'z (r I sMHz)(C I N ) pw

;a*-:i;r .,-*lpw: I3.2dB 6jL* \-f J:-ra u,ll r,.pw 6

s / N  =  5 . 6 x 1 0 - 5 ( C / N 0 )

:f:5 jl=r dB -*-J fl

S / 1 / = 4 2 . 5 + ( C l N o )  @ B )

p-! o*t, C I Nr, =87.5 dBHz c-l pt\ .La dB;lri, g:;3i r-*-r, qgly

:! :_r*..-r,1, o-r.; .Jj-r, ,l"l- l"-; Ju^ll "i,q cAki (\A-f );l

B  = l5MHz +2x6MHz =27 MHz

.c/N : 13.2 dB .r_l:rQ

Y JU. :2YA/4. ,;y..x* JUrf f -2-l-?

:+;S 02t

Mr,, =l3.5MHz, .f^u" = 6MHz, Bn = 5MHz

:i ; l :  ( lV-f  )  i l

s / N = (3 I 2)(13.5 MHz I SMHz)'z (t I 5 MHz)(C I N o) pw

:y-:si15: c-**Pw:I3.2dB J;L aS

s/N =  4 .6x10-5  (C I  N" )

,c5o! dB '-*J ;l

S / N  =  4 3 . 4 + ( C  t N o )  @ B )

:,^,.jL a:-:lr .-l pt) f 6 dBJlJ. cS,r[L 9:;3i c--1, .g1r,

C I N" =88.4 dBHz

:\:_y-e ,,ly olj alj-r" .f,t- 4"r Jbl J! cALe ('\A-f );l

B =l3.5MHz +2x6MHz = 25.5 MHz

,S'jtl,Ju;jl{, V-t-f

,5lr- 4j--:l eS;.glaJL;l P tS)yl 6-l\ S4;s,t;l o:Li:-l ITU-R 5.446 a*ajt

.-u:tr.l -t^S 6. "rG;"1 .r*lt5j -Uq .i_ 1l aS 4j'-:11 --,lr,H" ,SL^f*"- d.r* ,-l-l-u ..rrr5r3-r*."

;) o.-t; aJjr" 
"f,t- 

.Jli ,-t:! f o;S; o-ui aly-t &t- ,4 dg!3-t" -i n<."t<i.^

JL-JI .<-_ t: , f  :)>1.:-,. ,r-L_.r-,-t_l i l  Jt lr, :  F:,$ f ,^* J"f Jf 4_,!;U!. i-



,-sly'-,' rsWc.;

e-l*il L grL--, cgki; tya ^S*tK';a SCPC/FM Gy-t* JLrl .<,- t- ,5 r! L. FDII/FM

JK- 6ilt 
"*-t+ .r-[5;.+t:" Jtr<"* (-- o:rSrlr* ,6j;l ,Jt-lt"rls cr-Ll

.)y-.s- .*torjj al3r": JIK-;l iiL-;: ptSi^;, Jt"<"-;_1 ..*l d;ry-)3.url $i ".r5al3-i"
o:Li:-l j--,^ \ o. Jl Y, )3J> .f 15; L. (dispersion) ..Lit" Jt<:- "(,- ;l ";,il 

JL;l :;3,. ;:

? , Hz L- 6, Hz ffield) rl* .r,5; ! .s_! or-;L Jt<-- ,ey-J-,* JL;t :;3" :> .)s; €

.[CCIR 384 r)\lf] )s- 6)L,it";^.a o:[i:-l :;3x j_r-;^_* r*_* -J

Jb.rzr-c crf;L*'o Y-f

r-t .[BOU-B7J t-a:u- 6R. -r--: JL.*-: JL;l r;3";, \-f J* f c^*J f-f J<*:

g5LF:i. rr .riL;! -._U_r .$lol-i e_F 
\-\-Y ,;;1 ;r 

")t,; O; rJ-<lr/|" S f 6:l-K

.J . . i  r :  - . j , - ]  - l r
J e l - J

(Encryption),5;|KjyJ t-Y-f

L ",i JL--,l .5k"h,51tK.i: L- sF-,G-.jl r-:q C;) +S )t-€ "rLi:-l .rlL; s-tKy:

!.ilJ,il-j i -at.;31 
"!.".(--.91r.-l 

t J*- S-;Ky-:.tJ;6;-b )6*.rlr4;l5

J-5r-" d-f l, 
"l*+ 

.S ;-Gr-l;! as3ax.c*l .r,_..1::> d_' 4 tS_t:a ca at ;^a c>;-+at

.SL^ft^-=- ,c*l 7h u.E.>lsl;,',r -^l-ol 6:Kf:;1 orLiil q-51 .t_y-.f o-u,['r5"



JLgl: c.,lrrl*"

J 6)W 6La4(*: ;t'eo'o; U -u-:!.r Jt"-,* ;L:l c-o; .gl.;*-li Jt= -r) g9;1.7, c-rlyl;"

t+i -- o:L- ,r-;,r 3 Lao;l-9-aL V: ,tse #, t ,i i:i^- ;r .15 "rto:-l 6;Ki y-t :l 6sl>l

-,1 cSrL--, r1.l-; ,-,;-,.:1:1 (.L.. rr.g;lll U; J e* 
glr*1 gtil ,'Sa-f .gtartK----l a!-y

\ C-B f, , ,S-,Ktr.5lar-lj .s'./ otJ lJ "t; 191,Ky; JL;t Jts u'Ll 0-f JKr

G:: S;-* J+tS .<-- i;.jl: )t;€ e^l-p y-' +15 4l-d ,5b"r-13 "1.-r 
5 15,r":t5 cS-tJS

.r-:!.r 415 6jr 6ly ;:.L,

:u!.f c "'-^eJa; j> qglllr ,S,tKf:

.ty-cl 613 _)z )6* :l;l L-e f q .sr5-,6 jl -o:y il')>-

.JS 6" f^l-p l, f ,ll;t -9-" U,; lQ ,S-'t(:-: JF -l) ibl;- - j>3t f'

{TOR-B1l )y-€ orLi.:-l r.JJ jr;S ,,-1 .51r,

&. ;l orLi:*,l t- {fG P) }) e-JtJ) ar;; jl c* ra -(6la:^1, rrt) ,-rL-''.-^ ,S-tKy:

&- L.y.Ii !;,, (415 dr) e-J)J) u;t .(- jl c-* I ! (-r, cSL., Cf 
yi") .rL 

"f.-c
oJ J-i! etLo' at- d-r J,r" 6- *lyg Jti" jlJ:l ,.)y€:"5.i,1.J5.-t;S"if;,5,-

.c-l o-t-r 5 -.-F +15 U ;i ,U;U

.<-- ti oJ--) y: cj-, .i- a'. u[al ci-J)J) oi;t.],-rr -(,j4 S;K4).5J! ! SsKy:

.)t-L/ ft+jl +15ci- al=."r o.-t*;,-,L-rr ,-;L !,}ll" 6 -t^:!.r 54 t 5 j\ r;ts:

JUl5.slllfu5 Y-Y-f

dt^c.j 9:r5 a.iLal J[t5 ,5rlK.t5 rl -!ra .$r.r, ...,1;] l-, Jtrl5 .g;lK.l5 u.Ll t-f JKi

,s:"/ :S , "-u,S;: Gt!; gd -e .5;[-1t(;i t;lt ,-/P:c-l oLs)\ll .St^c-* \ ,tvl

r

ll't

tP'
-Li

,F,o, 
or!:aL Jl'15

F.
s:K:l.r

o.t*L o.trl

"t) 6;Ky1 JLrl Jts .r-Ll 0-f J.(,.i;

6113;r.r-13



GllV* rS$st

.itst' @EC) (Forward Error Correction) j-:a- Glb ?-'gU t .r:: J'l .[PRO-96J

P=n l@+r )

)t-€ &"f l) t>1j.at 5 
6;r 

..:*l

("-dl \ q-f )

.-u::!.f crt-eyll a*.n \.ri 4.il;l .gL^c* :l.t-; r a5

Rr 6jl*nj o:j-;K;S c-+. a-t ' , 'u-l ,u-7jr-;r.c-l R6 1\KsS G>J:s J) q C,

R . " = R u l p  ( b i t l s )

,.fl_rQ .r-:tr.f

(.-, \ {-f )

JJIXJS ; : .ur- jyS gt tSS :  J*  6t lS$:) -y- , - /  or [ -p: . ' lgr l f r5 . : -6;  J tJ)  J)

t-t* jl J*- .t:-tr --^ tS e "1r^.o .rt-c)tl\ c-..' n jl 54 ,^ ! ./t-l ;.o. r tlS "S ,;S tL

;y d r4-i )U. .frJ, .:l-c>\!l .SL^-.* *- .4 ; ! -r5 ,-9t^.--* .tt-S ,_l 61lS S l$ jL

(Bose, Chaudhari & Hocquenghem) BCH j Reed-Solomon 6las-5 Lct-a; igilo;3) dl^-r.S

):-f )t.>yJra j13.:[ i*1 :;3* e^Lcl ,C*l Jrr.9l ,L-7.r.2 ;l u;ta- JS 4^J5;*,-. l i ;:5

ttt-x,- -rJ;.:L-c)\-bl u4.n *tr *-', (N-1);l )lKrS 4-r.-r fu +r)..;;t)itS -t5.<,-

J b:---f-r c^i-i,l ,ljJ.l5 .J--:5,.- e}--'/ t J3 JJJ c4)J-t-4N(n+r) ,>-)LcW

.)t-,_/ ).5,t (exclusive OR) XOR :.5 !r il e;La.-t5g".-

*;^jli15 6;l*fu5 9 drb..g.1lj5.t5 l-Y-Y-f

o-d.rS 19t-6.:15

(n+r)

LfJF e-r
R.

n sLcILtrJl0lji

6JJJJ C}

Hn

n
.SCJ .=  p  =

n+r

. a  2 -  |  -r ,r:rg;St 15t{+

Jljts Jl.i<J(

Jtl6 6;1K-r5 Jts cr-Ll t-f J.<^:



JL.29-r .rlr1l; \14

;j)yJ:: ctr-?)) 4s s,_LaGr {rt 
L ;;-l4tS 5r\S $ r ; A ,grtS $ d.r* .:k;l

;: +5 :;l: 6;t-:il ,Jt+_-*i J ty c. -J a, ,*.- t^t-U; p-;_y .)y- g -$*.:y;.r, ;Uiil

J:p LAt-bt ,r+f S--r,, r l-L-!.grl . '-:-rl b-l-":-ai .f-J;u' a-13," ol L,-gl.; l3.aL.SiJ

;: ,--l-cl t^l-ht ,<i-4e L-\;r- ,tt .rrt€.rl;'",,1 F!,lS 5jKS 
")J,* 

J .:bil cgUil ,;tL-

LAtlt LgLAc*y a, r;5 .f -*. ejKS ;:_l-;S 6llSS ! *_L-;: :J.-|,r" dLiil Lac*r,

(Rt j,+ c5L^S.r;l: c--"*=rl 6_*.6rlt3S,K;,--r; Llli c-ftJ ,rl_rQ 3 o>3, s,L*

.c*l c*r, 6tL; g,.^z' dt^.t5 ,j"Jfg (Reed - Solomon)

(lnterleaving) J:ir_9+Jj,JJ_l Y-Y-Y-f

;-l .,-*l Uz- .91a.-- J, a.y q .tirtts 5tlSS rr5l^r >t+. Glt 6J, Srlr--l

,l -u- t-a:i r-r-" o)ri -_," : JL_,l jl J* .J-:, 5jS $ dLnc-* ot-{ --t rl c*:rL-c ,t5

..r, irr,r-i:La JK, q t!; .glo.*.*r, &-,,-tb.,&!L;r

:t_y-,_/.:Li* I K;-l r) St-t :iss s>

J-s*.6 ts-r/ ?y €:N,51a.5;I t>yj..a. Lo,-e :(uJlV-tJ<"i;) 6A er-_t*"t

,JL^.5_+ tr;,* l/ rl JL;l 4;lyj oLi ,J;L:i (N,B) .gl+tit= *-lri "i_ B 5la. ;r>, ,tt Jl_r

c* .i" Ss-tl.W '5./ ?s,tV l, .:3 N 45 cj,_L6llt jl * ,1 4 .$_r-.f "l'lt; ,-;:B

.-tS e. rl+el --* azj: 2NB L. y.lr; 6r*-L ,s.J-s ;-l .t-,lK ,l;l JL;l Sylr -r^ ,,

,"ali .-r-;l.-u; ?-f 64N s,-t^Sr" J:p. La--1 :(.- V-tJ,.(,.:,) ;:_l-;S Kr--l*"t

(i-[)J ;-s-, c4i 'S--,y-_h:l GJ: t-\(i-L)NJ ti 5_{ -p1''(i:1,2,...,N) c.:.

JL;l ! *Y GU: -r-13 .i_ ,r-l_tQ J:B/N 6 ts7,! .5XS _,!i_ d-1 o;y) N g 6te;J

,-lL-ti ;r .l;.-iu-;t Jt---- osp. JL-;l 6lr,- clJf dL^c-.i )t-Ll djN 54 4

(N-i)NJ ojll l a-,5r{ r" -r) c-: gli s o-tu:.5-*53I o-,LJ, 
"r-r 

N SW:f ._/L_-,,

,oJ s,,ss j--1 .)+*,-/ 6jS;L Cl*+ (N-rJ s,-*,t c^i.*:.(,- a--h:l u1l'; t--lj

,r-l-rLl .r-S Lr-:t:-1 ,--.1 ";j: N(N-l)J:N-1)B ! ,1l-r ,.tl"j t-lj (N-I)J "ylll a, .;U

.-ul,!.f (N,B) ; A o-r,S 4^;^? L 4^;,p .i- 4-_r o.;t-; .:b._l -FV , L ̂ ', r;-r- ;L
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Kr-:J;t dJ+ 45 r::..-a .,,-l^cJ or;11:a,-L 6L^c-i.? ,6A Kr,i*-l (-;Jl) :K:-rJ;-l .'Lr;rJ,r V-f JC

e;.y'-y5 S+A*"t (-) ru.r.:^tr; tt;;t2: 
")t1t 

6tL;N .:-y &- & ,,

(Concatenated encodi ng) dlt )l 6;l 
jfaS f -Y-Y- f

f-^ ti ./Hl 5;ltStS gQ #r oyj,,a: fi|rg ;;_l_;S ,gytKlS r ;A 6jSS

rliJrs "i 6 :;t: J i t_t ct)c ; j. )tK rs .( .5r1K5 ,y-t c) .(A_f JKj) Jlr .-5j

;) o'Lj :t-",_l .gLatE .r-Elr ,;L:KS ,"J_;; cjt+il :r .c-l "-r."i ,)i Jt*4 ,_.J;l, ,_r-_)ys

a-.t :)t-s a-5 s .l R.l .5t-:KJ5 .<-- 
'\,* 

,_Sst. eL:K S .JS 6" ?O l, ,r;)jr.r 6Jf

r*-,rKtttr-* 4J s-Jtl) 6a.Ks r-t6i 
L ..,i 6;u; {i./Lit .5tb.gLri-* J.?a

c-"!t )l 6ts_ts c. 1, 4L-rJ ;: LotE rl-r-i otS r^ d s!.f ,c--l (Viterbi algorithm) u,;3
q .rpt^Jl 5_tltS tS rr.(L*e .JS 6" {_l 1,, .r1tb .51a,-* J ,h ()yi J:.:* a_:-&l r*aJ

:
& ctrglj s* u .lj I

tiz,/r, ,2 /7, /t ,/,,

.;
q
z
X i
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JUg--r cJlttt "

r5{JJ oJ)J

"+3ri 
orlr

. i l .

qF..rB 5 dAlJ Js

.-ul!,f o:Li:-l r;y DVB-S )rlr;U-l ,6 .f t il ,.!ul ,,51\StS i,"Lj A-f JKJ

uzlGs.-t=1: dLaJlKs J,i: j1 u-<e J 3r1At"\ 'lr-l ! o:L,r7;t- cgLaJlJ5"t5;l o:[ii-l

IETSI ETS :-J oL; L)- DVB-S )Jl$L*l ):y st oJ-p.4-f u--\ .t-1;u' 7)ual

30042 1J

r-Y-f

T
}"J.

Oo-f J+-5-,1

;^-a7 6jr'l 6t-\ GW:,t;l ort;r ,1 )fu.[ITU-R S'446J ITU L-g or; a31;\ a'-cy

o:LL-l cr,L-<,- FS; cAl.^J,! ;1 a5 .uiL,r" G-!-)l;.iltt-i" 6bf*.* i.rJ ,-l-l$ d:f rj-tt"

.5jr-l ,.r*:;t1 u2>L^a: c/-J)J) d-r a+,La JU.--> JL;l ;r.c-l o-r'"iV-\-f ,;;a;: J JS6'

,o;l3"oL JL-rt EIRP JrS r3J>* L )t-,g fi-i .J54JJJ' JIS:- 4 J* ylru ; )"V

e(:- ,-r+3r3: a:-\;\,Ftl";:.; i ' l-r.6Ki ,S\ t*,t )lJ .b' J)\ GJ- ol-i Jga ol-v€

t:li g Lgi a :.1: j ",i-i; ,-at! or; aly-t, ,J"l- .+ g u,b jL; ,-uiL a-ilr 6)1,8 -lU ,.S-Fl

r5d-L-l .rtj ts:d ;\t j l; l a5 6le- ) )\r" i G>,L4 Jli JK<o:rS r3-t*" ,*-^e[

+5 .r--:rJ: d-iJ JtjtL \ 4y O-:* d c.*l oJ:.:SoJ3-ta u;,JsJs d-, .i- J)i ,GiJl ,-5*;U

4J J-^r o--l .ICCIR 354 o4l;] c--l i:Lr: 'r\+ qgl;l.r -u;1, -. -,Le)\-bl o*rS 1t)

J-.-e ,c---it-J) JLJ -s> .>ti./ "J{l 
"U; 

kf-t 
"t-5,; ;>-st' d-1i;-)j-r, ;l ,,f*3 ..u:-irr

;j; ;l JL-:, 
q-f 

,iK-*: .rr-;.r" ,r{t b; k;-l a5s j ot) Eta.l ,-r;**!3r"r 11 -t- ,-(c

J;5.," J.".- l, ;b>\-bl a5 .rp:3r 4:iJ .--* r^ .$)../ oL:.j I,r .I:5 J*"Fli-5:3 o-t;.:S &Fl

4i t..-; J-"r J-"1) )t'€ 3"- Y .gl'=.;: j:La, n.- oJ!, J-r 4l-9; "rt+JJ, - I q



Gt:'y'* csWu

ci-,: ,K_;l (Pseudorandom)./)L'o.,d.- aJL:r J3" .(\-Y-f ei+ .5.; ,i*l oL;^a ,S_;Ky:

;:l-a'+-i a-JLjr J3". ,tLa .gl;l: F-S-let )r-,! J-fu .iLr, 4.i* ,St","* \ -*,,

L oJ-; a-JjJ,r G-Jt, a;-i;.g[ac*Y ,SL:,r::Jf ,Y ,St+J, C1? c---.aV eAl-t3 c-l

a-JLJ.: rJy,.jr .g1t-,tL;^a e"-eL JtS e-\ .t:si€ J*t1: &trytl 613:*,_;L;! .rr:La alLjr

c-e r +*i tlt-:t3),u"..5;LoL..,.a e,-cL;5r3,- J13,,a:. q-f 
JK^i u;,-lj .:>J u" up>La,a.-;

.5-- ;: o:r5"[."f-lqgl3 o:rS"pr5-l a, Lly ;-*r .-iti r ol}tL,.l_rr5 JL;l tl> r;jJ,

cSL^-r-- s> a, jt-,"r.i> --l-e rlJ.j r .t-t^tl.- rt-_l ,-.-eL -.1 "(,-;r 
tlt t l .$;lr llj *J

,s:r5 J*.S-t L"-,1 o-L; .:t --l 6-t -'-y 5-- .[FEH-51] tt-S r-f u,tr aLal]t 4-,, 4J*

t'rb J'lJ' s' NRZ-L et e _:1,;K S ;: 5 c-l e;Lb " 1" J "0" jl ;)Jt .gl^alLj: tt Sf *

;r 6-ur,4L; 6lL; ,J-J #+ J )3,.; c-* d+clt j .4$! ,l-t" ;: .5;LdLj^A erlr c-r 1l a,

U \V-f Jt-fu| .5.;) c;l: LnlJt ;yY3-t": 6Jf ;r ,91L21(i,\ 6tL; ,6f ,p"a: ^LA

. ( \  q - f

L'.TJJJ

o.r-n,.h+;S,.sf ,*S.fA
(.511)

*3j1-r*;.1 o.rf'r

o,r*l J-u;Ssl g.r,3fjlr

*f-l gg:(u rL"f-l(';Jl C-YJ6*!

(*)



Jk 7.-r .il7V" \ V Y

JU,ar_o og+-Y9.b f-Y-f

:rl.u;rLr ,-,1 gb ,;;q .-r,a:.4 ,-rL;j 1-r;y):J, .i- ,5 d-L.l \ .-f JK-i

rL*i J.- -(,-

ru<S -<,-

.G--y)\s 
"r-t5i 

(J't=) J<.- J-," -i-

6>s:J 4L-:r .(-- Jl* '., m ;\ M:2* 6 S .1.!i dtr M \ l-,d_Lu[*J ,:L*i J3,

Jt-Jl J-t- jK- cJt- M jl-a:V;_1 .Jt= M e. -ht; uoy llSS .)_y-c/ r[KJ 9-3:3:

_ :i.-,1 ol-; "..,,+: g;lSS ?-ts>.x5, stli. or

.JS 6' J'o l_, J*l* cJt= "i_ rL^.; cJt= .<,- - ,.ii-.-o 6tlKS

1, J-r J\*.Jt- 3: ;* Juil .i- r[^i cJl- .<,- -(.rL;Ld 6tt-tSts) Lalu:;l 6.lKs

.S g J-t*

6zJf , R" <![:-(- 6-,- ,-,y)yJ- ) 6)J)J tr (o+Ul c-1) R" c--* 6.-r .i- "ljtt

i)j-€ 6-* t).41r tr (q:U ,r J*t- JtaJV *; rlu) ,r;)jr"

R" = R" lm = R, l log, M (baud) ( Y  . - f  )

qgL-a.Q 6ly.L-aya- (Phase shift keying: PSK)1U r4^: uij4ltL-,yG e3**\3r"

c-j, -,' .tj-qls t-i 4---Ui 1)3 o)3r -lli .,-:l ;._r,. .gl;l: J3yYj-t" ;_l ..*l .*L, 61";l3oL

.5.; -.r,;,_:l) J-6f ;u! .'sk -Fl3 ;: a*ti t: tL;l .51^.-1 :l-r-;) itt ":1L (FSK) 
",-15t

{M:2) dt-3: crya-Yj-t" (.-Jl

(BPSK) u/_J)J) jU ,'4"i, ./r+15 
- 

d:- gll-r5.rS L -

JBls 1.5l4Jl:sis

M=2m

JEts rln J3r

M.ARY

JL:!s r|n J3r

M-ARY

,Jf..,-. JL;l ,51r, t_.r):J, .(,- rts ,rLl \ .-f JSj,



Gt''y';" eWst

.(DE-BPSK) JL;G: "u ,_5;1j55 BPSK - J;tii 6rtSS L -
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k n =8 7 7 9xl o-s f 
3 2533 cn"
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2 2 t2a 
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k n = 0 3 5 0
kr=0 310
du=O 939
dv =0 929
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f  : 1 2

12 <f <Is

f= ts

15 _<f <20

f:20

20 <f <25

f :2s

25 <f <30

f= 3o

30 sf <3s

f:3s

3s <f s40

I :40
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0:l -O.OOS (l.r_l*rr,: ,fr"l-36) P<lYo

L 0.005 (latrrr,-1 .rrl-36;) + 1.8 - 4.25 sinE

A, = Aoor(r l .  ) - 'out t* .u l l l t rp-0045In ' loo,- / (1 
p)s inE) 

@B)"  " '  '0 .01 '

(- 1 .L ;J-;4 eJ) ,oL- ;l 5J-a2: * "J-S e:-f -i*a' rl-r,L .- " 1 tV W: u^o*.

:L :-l ,lt iipUb iUL r^.a;r .)Ji o)j j:A>i

p = 0 . 3 ( p - ) t "  ( % ) (r1-0)

L-,oys L J-bh"Jl$ j--l .(Y-f ;;1)c*1.-ui slL. p_ =0.3%o .glr, 5:r(l* -il.r,ol !r,"-

,,_rl_eQ **l p:9.975% ;dL

A^u,r(p. = 0.3) = 0.435AMr-(p = 0.01) (dB)

-,l (-u.err)'1.'1'\ 5ly cr-rti 45dlJL !i*.-J J_y,*r,_:[L ali€ ]+ sV:_t-,;1 orLlr-lI

.r; Oa*;- lr,,- ..1 "-u::' J:+ Root -,1 ,-r;!,tl;.r 6 ,_+t-,_r*_ g*l ^ti,S '"t*_ e9 JL-
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S:f *;l .:l j l .p-l .t-y-€o5*l;;\g;r
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y) aJ.ll;l :3*,r- r^** ,Ji ;1 ,,JLJ -s\ J-'";: p6ly 6 XPD(p) !l;:' ,:*,1;--,\ ;-H

XPD(p)= XPD*,* - C,," (B)

:-t-1.-4 ra*J"

(fv_o)

-,; q-5 c-*l .r:- .glayl 1*" C'"" -r ol-'! -b4 gt;- o-*."1rr:\ S-t; XPDpa11u, gl ;r a5

:-*-i.f i*$ /-j

XPDMTN - C r 
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: .rI ;r 6

Cr =30logf

C o =V(f) logA*,*(p)
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C" = -10log[1 - 0.484(l + cos 4r)]
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Ce =-4}log(cosE) E <60o

c*l ,l i a'31; E 9i;: 6

Co =0'0052o2
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'C*1
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,, \ 6lr' \ dB

?-r.a.c-*l ll5i ;t Ja--. s 6-t llr- :l.r+U ,r 4t_.r" ,:ots Lfrl t -iL*.-J; )t*Kl
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'd--++;: .,' -,1 *)) 4_.J)
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i)t-,J J) a)-e, ol;L L,l; t, -.r-')! :t'l^," Y-t-O d;+ Jtj" C a'?lr" li
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.-t.: ralJt
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To =Tr* I  A*,*  +T_(1 - l l  ARATN)*To*or*o (K) ( tq-o)

. .  - : t .  L.s r * ' .  Y

T^ =275 K

T,t = 20 I 1001 + 275(l -l I 1007 ) + 45 = 269 K

To = 269/1000s + 290(l-  1 /10005 ) + 75 = 346 K

''r-l-t!

(G I  T) ES = 51.8 -  0.6 -  0.5 -  101og[269 I  700os + 290(l-  1/10005) + 75]

= 25.3 dBK-l

JJrL! '(! .Sl-t C/I{6 .>-; l*[-

(C I  No)D =(EIRP)sLGl LD)(G lT)ES!l  K) (Ht)

:rr_l_rQ

(C I  N)D =44.2d9W -213.4d8 +25.3dBK-t +228.6d9W I HzK =84.7 dBHz

o-L; a--t*, ;l"t-i" ;l L ",jb JL- "i_ ;r /.11711 Sll. s:e-L" ,54 Q/Ny)D c*i JlrL

.Lt ralg ;s)j

Oltl1 jf ,-,iiU .fl- .f.i1J sfy cJfl"c J:- ' 6$aa-ii A-V-A

1_e- olJ- d+ JA t ,J"t- ,JlJi c*i 4:-J1,Ji; ,-(. j .-**"y .<,- J* .<! cis

Jtiil 4-" elr 1G/T ,$; ;<L--Li rJ-e co-w-us EIHP ;1.*[ ,el )y./ .)at* c/No

JJ)L .fu'J 4-?;;4.r3^: +l;j" -t-t1 i<! s> a#) "t**--l j: ;- rg;lo;|y't" .<! .(,- ;.r ,c*l



$tS.*J 3 6lc.,1l.5llt";,.: -*J .JJ.t't, /9.2)t *f-J rrKL.c

J) rL;:ll b-lr .t-y.,-+ jd Gn'{o)o..t- al*-r: JJJr-q &"} ua#"' s (C/No)u.-=-, a-f-r

,-i f -h4l_t (C/Nl)u c-*j rlr;" el;L ,c-l t_r :-t,t-\ -, -,-,)! .<! 
"r.r 

J)\:tl ;r -,,i;Jl

.#[--rr dU rU; ,*i t' -h4l: G/I,{o)n;l-ti, ;*e.^,o J -ta)c/ .*aK ,Cy .#L-:r ,Jli Jl-tl"

:c*l ,,_, ,>j* A(C/N7) J1:; ;r_l a-?.j .ra:u, 
"+_lil 
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Ji,,-al'l sYVitl Jo ,.J1.rrJ A-A

r;lr .r(-- td).tK:--l .l-r--ly-:\ eLai;s djL- + 4i 5;L.J6 ;tt

itti€ ,joV p SWs: ;l 6;LJr3.(A c,i+ .6.r)

.ri q o{*; ey -ul1., 6 S* crrl: cJE: L ""i:-i &i J_*l;--,1i .:-,)! .Q ,gly

.)t-cl a),\-,rl ,r"r ,J*i I o;l-9oL

)!.,g orlr,_i.E.#L--r: 6f L.;,"i o-r."ly-;\ JJirj-q "5:J.Sl-t
or^:1r 1;./"t*!t 4!.-rl:^L Jt*Jl Jl{- c.;;r"*-\;r c-tiL -s6tf *l-y.f C:L-ol*

y';u,tjt-1 r-r:" JjS JIS*- U rr5;tK^::i.rl:*rl-,rL.ul -bi"*" ol;1 +i-rrJ., (;5s r!:) uU

. ts ;

4dj'Jr,j ' Y-A-A

ot-; ,1 GJ-a)) J* :t a-5 c*l C/I{s ,:; .glr, zlsL.f-_ ,lrr5 '6.,j,--t^; -;.tn

Fuo ,u-i -,11 7.11,11 JL:, ,slr .r-tL (C/N1) required s-,lst a- j -,t ,0. , -p)'l.JrL* 
,"--

c-;--j ,i^5 ,>-ol Aa17,r,JlrL , ;,--;: Lt ,,i3 0-V-0 ,;n ;r ni"rybh ..:*1 P -/..r . \

(C lNo)MN =(C lNo)","o,,^r, - A*,* 1dB\ @BHz)

(C I No)MrN =(C I No),,"o,,tq, - Anuu @B)- L(G lD @BHz)

Og+-rllJ)l{, .Jc .h..rrJ l-A-A

(aY-0)

:-l-, ..,*-! "Q .5ly 3

.L(;*--l ;K;---l) >ts. (dB ?*) d:AtS A(G/ T ) = L(G I f) 
"t"o,,ty 

- (G I T) MrN aL,.l)



/-*-l o!>{=l 1r ,f,-.r-- 
l2A

JL^tl L o3 ,(C/No),"i,: (C/No),"quirect 
fL.ui:b J--[,ly; g1+,1 c.*;r;t5 afu-l .gly

:)-y-e &-* t) o:y1 J )-ye j-U siL, rrL"-l .<! a )!. )) M(P) 4?XV

M(P)=(C I  No) , t " " , , t  , - (C  I  No) , "qu i , "d

=(C I  No) " , "o , ,4  - (C lNo)* , *  (dB)

+t-.f 
"i^tS 

P."""1;1 !: -*l o.I; orli:-l P CU: t-*"1> tl .S:E Sl-tAp11l1 zlJiu

.r*;L; A J\ +J c*l EIRP $B 
"F_lil 

,.jLo J[^-i .(J ;r Me) a:tV Srl-s a-"r)

J "Lit OJl La;,5,- ;r 5 :L; r-i+J ! ak5[ t)FJ,5lr, .c*l oJ[;r.i ttl9; ,t.:r5 ;":.1

c-, I ; -aa; L i  rrq:1 , ,  o>LJlgp ol_i  c-La:.-rr  -  
( \ - \ -V-0;+.. t .J).r- ts i  . . , ,_.*-*J)

:c*l o-ui J) j Uf F:, 4! S S-&-t.91-6.1-.1; .::f .Srt.u ,lLrl

otK:-l rJJ

s;"+-#
olji,i*.r-l o.r.ri' Y-A-A

,_+"j ot<:.---l 3: .-r.i;l-rJ .rh+ wj ,-Li;lr g:[ ui=ae; ol_,! ]t : 6 G-l+l]. G>IJ,

.gl-aea-*; 'r*;. 't 6o-p aG);r c-r.ilo:rS ;lyr, o;\gG L lJ .<J ,4 nS Y j \ .5[ac-.r".!3*;:

_f A QJlr(- +-l_cQ. c*l .:j[ir Az(t) \ rL-, .r1li1rr-7 {.U -hqA(fl .t"rt:A2(t) ,A{t)

u -, j6 )_y;6- Ao(t): min [(A1(t), A2(t)J rtJ. SrJ ;-l ;r ,;i;.+; .ts-c/ ly , 4-;: ;l

.:_*tAflt): [A](t)+A2@l/2 -L_-F aL dB ,_*J. JK_ s*_r , ;^-_;;

-[L*A f--{- .-t<-u" --pf "L -,U c---is 
"+_lj-rl d)J i ---) L*-*r" ,t

: [Rec.ITU_R.PN6 I 8J [PRA-86]

"LA*-_l :-r'i ::.+ 
"l"ta

Go(P) rJr,' o et \-Y-A-A

JtK* ;K .fu rj,.J L-* e.,@B)c*\ J.. ^; J) ar:i .jyl;l .ot5;-_1 :-rr! or4t

J-cfp rr +5 "tKr--l :-hl L, i=-;r L-J- J )yC *eAdd , +q; jl ,JL"j J-o '>p ;> 6

M(P) ;t ,'. )JJr 4-il,-!.:" rr.o_L. "<!.<,_ -,r..r1l! )r,e;:eAo(p) . ;r-d rl ,JLJ dLA

(00-o)

:\:s-r/ -t lt )Q:;3r +JE .t(--l :-r.; I

(or-o)

M(P) = Ao,^ * L(G lT) (dB)



Y11

M(P)= A*,* r L(G lD- GoQ) @B)

,j"15.t{ 3 ,glo;191" .t r .5;J ,JJ,jJl,, /.9.1)t .f-J rr5l^r

(or_0)

Fo olK:;.,-l :.t-; ;:+U,[.tc Y-Y-A-A

A dB )lJi^ )l ;;* Jt<=- .tK,_[ , +..; L:- 4Jt-1,: pt u1l.; r.'a;: C^j ;l 
"l"b 

;_l

cr-lJ ,L)LA dB )lJi' url*a 1l -** "t(--l 
)-L*i L L4!*4i 45 cr"t(a Pz GU) J..a;> j L-l

.*-ir

;-,-l .. lo:.r",)[; i ,LA"te--l Jl "A:.-l 
d.eG;l cr*bu-Ll t l_s Pt rPt,i 4,"lJY.-O JKi

P, = (P,)' (I + F' ) l(Pt + 100 B'? )

i )yd J*  t :  aL\L ,1- ; .

(ov-o)

.$L. d > 5 Km dJ B'  =l}u dt"  L.

.JS 6" f^li &k" .t:."|y-t\ s o:: ,r--y' JIJ :> lt *V ;'1i...o .r^t-*.*-l -t-r*;

.9t.lr"ci.*lrj' f -A-A

aS ,gj,-;'.,c*l t,L'J up 2t 'Sl "<,_ ./.rl cSt^flt! clrlr ,*5i lJg' 
o'. c9t_\#

: [CAS-98] :.J-S -b ; ol9 un l; :rK,-3; ]-J+ .J,t^{ ,>.L C/No d^-- jlr >;ja ;lJi'

I

I

to-l

5

f

J

q ls{

!
. , J

q

loj

t

lo{

Pr $4,*s!x;Li .*Ji

cgb-r.-) jLJi,  ; :- ; i . i - .Sl.r, .r^lK:*t :-hj:-9>9 aJ+J tsz) t t , ; t  j  J.a)t J- 4l l l ;  f  ' -0 
J6-:

.("Jllt" u-:"j



..li:*.iL gr;; c>;j",at aS , ;^--); Olrr7 c-.47.Q.gly jvl 
CU" O4:a;:

,TDMA etfl+ (r--p);r co.-L..Li JLi*lt .,; jLj it<^:; J,jt") Jliil ,Jt"j d;-l;-el .

U- g^;"'6LnJ5;l orl;:"..1 dJ+ [- t (1 ,J-, .5.r

.r:;b .9r;5 , +,'r a5 f ;.,*-! cSk;ts_.,, f u*6 S $! .i_ ;1 .r[iul .

3;YL .(J r) rL+ EIRP ;1 orU'.1 .

J".-j lJq cAL{,i aS ,Jr:i ,gtL; g*z..gLa5;l orli:.*l L JU:-,_) Jtcil ;r ..:*rD 
":"5

c,: + .5.J) $r,_/ 
",:..a15 

,Ra .:tp>\-bl c* c-.eJ,r ,-r-t5 cgk a' l; C/N6 jt* ::;" Jlri^ .Ji

;-_l .-tS.r" el; ,r^ts;l-tL ,,-l o;[il a, cSla*.;t- ,jtj r_,_1" C/Ng jJ;, lj.als .(Y-V-Y-f

o;l3"oL t: J-r-rl-! .fuJ t_ Jr)L .<! 3 (1-0 J; .5.r) --iLi.; o.,;l;oL ,5! J5;: +!t-

..:y.; o:Uiil $l;,,_f (\-0-V ,;+ 5.J).-rt;L,11

s-rJi,"rc 
q.-LL! 9 .ui'l_P O+J dto" : ,gt*Sacr.;j A-A-A

(r--?) c^+t, g;L:... a i ,(oL; ;l .,. t 
'>ti; 

,g.r.) c-*tG ,..r-c ,J)-ri d 6 c-*l -;lj

;lJ-L ,r-^i; 9y ,-s-t-) '+G p-r-c :t-11 -l:-lt-;.:-il L^ ol;l * e -Sl.i.*l (7.qq/qq) )t-'

6-a>;,r rl.t-L yl $l,y,l ri,,GJ 6 C*l p Olu; *,";> L-i,* o-u; alif-* dr.t C*tG p.t-e

;l .c.*l :L_j j+ , )r- d yl;l-tr-" s tL-s ,_;-r-, u*U .r:r.- .c*l &-S p.-r*rl .-u:! _,-:

((f .- r-r.^-lG -Li*a 4i-j^t:[.gtor-i"'-$ J), {:a'i 91r.- J-91.l:. SWS: "<*"t+i
Jt-! lJ ;Kz-t3 d.rl njJ; -',j_.,-, &_ O-Yf JKj .c-*l 4=. JS c*.j -,1r oJ:S iEfi ,"a>,i ,5-

' $ ) . /

1-AsiG,i olf9al-o t{ J.[l !Si,J JJSJ.s

jl l-, -r-,.r1_! ,-C.J .<-- -r -r-,i! ,<jJ 6,_ 6 t_y-,! i^.., .19--l e, ot-(.--l ;l .(;=l J,5 )tsI"t

J-,ury-q -r -r:)!.gl_a.(-J Gs-t 4jr,- j-t &oJS tj )t-,! J"t-i -r[-i.;13"oL 5--,A-b

;l FU eJ,:*1 .rl-1rr.-; j2: cs3+ $f -E _r: -L-! S e-&-t ,_t elJ;r .c-l oJ) .5r:i

)'V"ta r_5_,t5 jl .,.i;U aJ l:*l d;p-)3-rr,ri_l t_r _, -E tr_r .iS;,tj! cSUe _,) .AQJ"E

)p,e i-*, Jli.Y:sp-l-r 
"f-l;u 

rJ3-r, &J JS )FLr i"r:,l .,:*l ,F*.gLoo.r5,-,;;

.tycl t_s-,rJ d:*-)sup).iYtJ J J>l$ oljl , *



YV\ #ts.tJ.e glc.;l3oL jc .-*J .JJ,;.jt, /9.,1)t .f-J rr(Lc

99.9 99.99 99.999

A-q*.--, )@4ej9@@
qlL.j €,$ cji.als

Ls-_r-t c=!ti;l ,-*l; .tl:+ .(! u-;^ f\-0 J#

i)t-e o5l ;:,.t ;ii 
"1,'-l 

1rr.'-j e;Kl

;?; "tK:--l oS-S ,Sts-ss ,p (H") tt Jl_/ ,* J6- C -e,,)Li J*l- ,Jli ,:-; (C/No)u -

.-,L^--- 7u-r-,!! 
",-.* C:lf J-t 6\)jl .r..iU -ft-t SGy"-t' f.€-" ! azy ojJ".5 c--l

')Y,!

.t-(--_l ,r-:; 6)ilr:t@) j-y ol_F & Jg- crJif-t, J.t- dl3, :.-;(C/NI)D

To:,,;,9-\ f+* u1_sl-r Ly 6*:jl ;tj ,S-t eGyy fe.- ! Ey o-s415 L-l G*)

;_l-r_s grLe

*L) rr- "r-); Gsr:r,@z) .,ltl$ ,__r oli eb JA tj"E ili c-.- (C/Nu)r

.c*"1

LtJf ), (H) cr9-.)3r"ri-l '-i dlJi -J+ JG<.-.: J-t- dlj-j s, i (C/No)m

.c*l _E :ye 
",L;ri' 

o.t5c*Jj

. -l .5i:"j .1-*.--l G>sss -tt @) tt ol, ,* JC t ,J.tr Jli JS '; (C/Ndr -



jti..i, o.1l9l. tr Jt 15 .*.J .:FLt

o.;l9ab JULf otaii.-o l-1-A

3 o,.L; :t2tt L-J-t- iU- 4-(.);4 sr./ crL:J l_r .--iti*:i jltt*" 4JJ""-. fY-A JK;

!!-r-j .H+ 4i J;u! ,SLq ,.l)li ,!J3, 6tsE) cr-)Jlx, c& .rr",_f .r;ji g,,_L- .r-t5,.i

a--=ri: o.tj !:i+i d-:i jl ,Jli dLaoJi--yi 4"f S!;j J^ c5t-&Lt- o.;i;r s >:..g fr;

6-L-U j$Ji*jl; I I ";l3aL Jtjt5 .(.-- .!! ,-_j y' .1-,* a, Lao"i5c";rJ o'*; 4_l .$_y..f

.),y€

:c*1 or.i 6-,**. OK -r-j;r .J:S.r, --ri 1,, ,J*tr .f"r+ L- .i- .1l_goL JUls,5,-

df (Cr),", ! 1t;t .Jt- ;r .c*1 "113-ot- 'J-:; 6>J:J s: b :\f )'V 6lj Cu

.t,yrf

.c--l (Jt:t5tJt",J"t- .:l-t'i =n ,G)J:J =j) .tl:*L Jl;[5 ""r5c-"__* ,Sts,ts g ,sl;Pin

.c*l (JU[S .5t^,J,tr rlL; =rz ,6Jf =O) .tl:r^L J[t5 ."r5c._ * ,Asf y tslr,' Pon

.o;13-oL Jl.j5;r .'LE .* ,_sJtS ti c--l ,;4lL.n:l

--" I .rLt- .* .:r5;t5 lLll ,-Jt-;r o;l_9-oL J[6 ."r::S.i__p ,Stsss J) dli (Pi),o,

.c-*l 
"f"t- 

.* .:15;15 1L;l eJt- ;r o;lyatr J[tS "-r5,:,- * 'SSf _rr dl_:, (Pot),ot

@ cets;.sr:i c*Q

F : "".<.nrt
lEEl eu<;!-6La,J9

riLl; o;l-2oL 
"i- 

li .t<.-_l a, .tK:-_l ,J"ts "<! fY-O J#



#ts<J 3 6lo1l9b d,=i d{ .rr;,t'q /e1)t &J rrfl"-e

J-S u- JS ,_rLt- c* cgl;r a5 dJS- .lJf ol; ,51.t- ;: oJ:;Sc,J,li :f;t5 .p_ l;1

;r l;;L; Jq f J o;ly,oL Jt,t5 r,rU" JL-a;-r.; lyoL 6'J-ar4.(Y-\-Y-q d;+..t.J)

S.f 
f^1; EIRP,ot 

1L:l 
,-JL- , EIRP 3 tQ sat 1Ll;l 

,-Jl--

orteoL tqrl ;Jl- rr oli rL:; Jt<" 1-\-1-A

rJ-i, lr rG ,---l .;-t"j "t(--1 .-u.-; .c^-l o-t^; srf Y-Y-O ,;1 ;r JIJ: )lj' Jl+

JLit5o- i- : :Sc: 'J; i r )ai  rr- l  ; l " r-c." .(Y-f-Ad;+)J;5u" 5; l : r ,orp"r lyoL' . l rS 41 3": f

: r i  :  i -J ,  r  i  +Ll  ,  i l  r l ; l  J [ -  , r  o , l  *aL
i  9  '  r - J  . -  -  

l _ .

Qsa,,n.m=2:*#- (wtm'?) (0^-0)

(oq-a)

,o;ly.oL J[15 .-r;;Sc.- _* ,Sts-ts U .;l3ot osf ,St::s;1 g-l-nl h,*,Gls )1 p 6

o-i "r+. -6lu Gn-* J.;13oL ,-r; tSss:s l; o;l3oL ,s,5 Gi .lJf )l iirl ,a Lppa

f -t tt;i"j otK:--l aJ c-l ,M .it J_ft ,',-l1: .c+l (yt f f dLl-r;r).;l 'enL.-uf

.r ; l :  r l j  (o; l ;oL ; i  i - r ,JLl- ,  f  y) , j . l i ,  * iL_;:  r : ; r ,

LL-il dJt- a, o;13-aL J[tS .*.:Sc,-y,n .g;1r]l"l; 6ly. G:,) "t(.--l ;l 6 6;V, )lJl.">\^o

o- ,+3  #  o . ; . r ; l : . r ( r -  Fe , fy  qc^ i -s -^ j . te -_ lJ l - , t - l  ,F+ :4JL ; l  - r , - [

".,+. lSlt- t + Za ";l-r.il a'. ,r4. Jy "i- 
tr 

"r=", 
.tK:--l JL;l cX-7 ;.: o;13oL .:,iL;: ;fi

.t(---1 o-u--i tS 6ib te JK<,tiLLps; dJ-*l]-J\,;-.b,..r c^il 3 e*l o-ui a--l-9,

:[ c*l tlt S'tpali JL;l .;,

Qro, = Q,o, no,.L *L ro, =( P-!) "' ' !ou 
{ , or ro, (w I m'))

u* G*^* trL

orlgoL EL:;l ;Jb ,,: EIRP Y-\-1-A

,-? j, ;f qgtr-l-l ;r 3 Ll-.j;l cJt- ;r o;l-9-aL EIRP .J^t -L-F EIRP \-Y-0 ;;1 ;r

:r;1r aLl; J-: Js-y4 (Po),o,.;l-e"oL JL;S o"i:.:(gl * Asf 1L:l ,tl3i L EIRP,a,**

EIW,',,^=ffor^^* (W)

JL*rl ;1 ,r4' ,Slt-- Gr*o" J JLrl J;,i U Jli "J5,',_ * asf ;l iil ;l"rc. Lrrx o1 , 6

.c-*1 (;t f -t,SV-l-,;r) o;ly-at"

,L;.(,-.gr3;y r, J-f €.p) J-t-r,JlJi ;.- ";13-aL EIRP,otl/we u,L'-l; c-;

.t-*---l c-i[;r c*<+ r) .--+ c^il) L7 ,;ljei JLrl j,ji ",4, ill -hq ,,srt,r+; "tK:--l



jk.i oll'9oL tt J*t5.*J )tsI",

.)Jl-U Jly JL;l ,ijt .f t ,t p; "Kz--l c/-r (c-*l oI; e,L-rr ,rA ;Sls- | 4- ,*:

:JrL-,r" ,t:aK

( 1 . - 0 )

: L , - "  1  u l u  - - q i  c , ( ) q r c
.  J .  J .  e ' r J

(1Y-A)

(1r_0)

.$_y-,_S et Q.f--r.!l o:* els aL;: _r: dlJ, J)U" J* t gdl Jl

orlgoL olSrlrS or41 Y-\-1-A

JL;6 o-t::.l,-.: * asf U o;l3oL ,*rS 6tj;j jl ,Jli o-,e ,G5p ,o;l_9oL ot:.:S;lr-(; or.6;

.tt-d o-L-Li G54"o; 
1L:l eJt-;r .C*l o;13o1

(1 \ -O;

j (.;l3ot- JUIS .JJ.' I -* ,St,t-ss b o;134L ,tr$ 6tj;j jl) cr:l-bl u11 o;;". Gre ji :: 6

.,-*1 o;1_5oL JI.JK .l::Sc- F "s+. Gce

A9-? 9 cSr9.s9 rts*r f-'\-1-A

Q :6 aJ; a5t-l ,:e y ;uScs- ;[5 1L;l ;) a-l*+-o o;ly,oL JUS dli ".r5c-"-p 
">'1..r

,* (P.)g csJ-r oly s e;s 6)rJ Jl1r t 4tij a/-l .-uq ()a;r.;13"4L Jl;t5 .-t;:5;,;'o;

tf*, J--f Jt+ .J,,_.; ,lUJ ' :;p ed,ot 3 (Pi),o, t + y-r[i." ,,1 e-l .,rg .)t Ll

Gr* = GouGro

IBo = (1)n t11,1,,,

OBO = (1)n 17P,,1,",

orlgoL o$)J 6s9s9 r.: ,[-l-- ;19; A-\-1-A

,,5;l.5 .glr,3 Jt,t5 .l5c-"--9,C sg;l-tllol; .51r, .yl-pL oSrS 6>s-ts -,r jt* rt:" J"t-- ,JlJj

:J,-i.rr c*-r, l) b.l-t )l Q -tl6 aLi ::

C,, =(1')o - P,, = 1gg(P)*, ,r,
" G f f G f f G f f

(1t-o)

:)Ji!dq.i";l3,aLJl.;t5.-t::Sc"_* asf oUJl cr-E -J*l-y,_S a,i+J["t-oliJr-l

C,, = IBO 
Pon - Jgg 

(Po')'"' 
W\"  GrrGu GFF(Gcn)," ,

:c;_9, ;* ,:li,S l: Cu Qt+ .r:*l 1L::l cJl- ;r o;lyoL ."r5c"--4; or4. (Gce),o,;i ;: 6

Cu = IBO(C,)"", (l,rl) (11-o)



YVO &l5.t"J 9 6loll3oL d,:t -<J ,.rJ,;=j!, /3.,1)t .*J rriLr

.c-l

:c.rfi Q*t 1l e.E =*t ol_r,_S ls (C,),o,

(1v-0)

t,

(Cr)*,  = Q* 
G r^ur 4'

,,nor^ 
Lru 4E

cSl:: jL* ,-f ol-*- ,Lt Jq ,*- t>;p ,sl-y,l \ IBO 6>sss t-S*- S 45 cJr

1L*:l cJt-;r o;13-oL ,tly ;f JQ + -b try )lS aL;.;r o;l3.aL JUK .,r::Sc-- rr;; 6;lxlJl

: : 5  c l L

IBo= cu - o
(Cu),", Q,ot

(c/No)r alr .l.rl+ Y-1-a

.r.; -blJp d!,t;6-")3,r."f-l : k^:--.* -&t:l );lX ,re- c.r3{ r:;L-c r,l

,r*"Y9u^;i_l L lQ-o; ,:., F.. ;l #t"; tF o9* p/No)r o,1., ,\-y-l-A

o-u'a: el*fui t-: t:l-f c*l pr.t-(.-_l ,*r3 6:32j;) oJ*i $L__,r ,!V ol:, Co

:-ul*A ;""j.tK:-_l oif ,Sts_ts )t Jt
,S1C/No +* (fY-O a\\Tp:T) tJ-6- 4l=1" cr,-kJ q 6_r:i.,*-! *:.,-y
(No)n:KTo 

"lql-, 
t-i f-t-O ,;;1;: Jti" .Jlln s ),yc-/ , L_fJ (C/Ny)n alj*t Jrart'_q

')t-€ a*-l*"

. ; l3oL L""i  olu JL;|3;)L y_9;

(No), = (l/o)" + G(l/r)" (W I Hz) (1^-0)

"L-); tSss:J 3 o;l3,oL oS-i ,Sts,rs d.r.i.rl5,Jl_r, o_r# G=GroGrGRlLFrxLDLpay ,si g 6

L; o'1l3oL ,L-S 6)ilJ;l .;13oL Gsn o-,#,)L aJ.rL, 1: G o.r;.:.5;lr5.i oJ+.,-*,1 ..r+; "tK;--l
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o,r;jLrjb 6Llolt9at" ti,J.lS r.Sj,J JJSJI-e t.-A

Jt-! lJ ,-il,L; 
"1l3,aL e(-_ 3 olJjL;[ .;lyoL .i_ 6Go.r5;tF ,* -!y:tlf0-0 JK;

;) erl*l oJ-i a-Jy-t ,rr)! .CJ j*f ,,, ei ,a,-ti ;Ut .gtltK-" .rijLj! .J;:SJIF;) .-Lo).-rr

o:l: crL;l 
"lK-: 

;r ci-r-+ ,*il:;r Jt<"|) L€Jt4- c-l jl s ,--l 41;->.f,te ;;!3r" 6t LtzJ-?

o:[ir-l JJi,j_q ,5-:.J J*t- o:; d-J3-t" S\-; Gyg ,:B g,ayt 0-V c;+ ;r Ll c-l o.r^:-i

LJJ;* ./-* jl glt-, "r.o;lyoL _.,r o5 -r_.,,ry_! ,5! C y-,)tr &J -,1 
"r5-p 

x- .r-lfl-.: ;t-,J

:Ia:,rr l; a3!;l 5



o$jLjt, .gLao.,1ljot, t JblS &J rtst^, YAf

(+$ -t-_J? J-f ,-r;a-)9l." ti t+11 ;s tsjlun J.aV ;t*,_,-5; ! sl__y-:l; lt5; ei:rs

.*-i.r

daalg O9.\, .'.bt o,;lgoL Jbl5 l-1.-A

o'L.i o>lr tS,:_f5;: a5 C-l .g;.,att[.a;9i!3-t,: 6Jf ;: lJ"; JL"j-l +5 'ft U-IL.

: j - j ,s i ; )d)31 'F-* [_o:rS;E; t r>(degradat ion) ; - j t$  JF. . r t , (0- f  J : - ra) .* l

. r ; l r i

(Y2-A Jtr) -iti*! o.r*5_,1lr5j li lr-J \-\-\.-A

oa>-, ,ui*:.L(i---l ;y)j-L"r 6+J-? )t (BEP) .:^1 qgLb; Jt"-l ,l ,K.J s,-lJs

1c*l o-u! orbY-O-Y-f ,;;1;: (f.-f) o4l_,_,, a5 c-l (E/N")r + j l 6-l:BEp )r_Lf

:)t-e.g;j irL- o;L3r l>i-l ;r

( E  l N o ) r  = ( C  l N o ) r  l R , (v1-0)

.t-(---l .<-! .: L-v-e t-y dli 4, ;l"E olj e'J Jt<a c^.*-: (c/N,)r J .J"t' ":lr cri R, o5

i)J-€.g;j irL- t-i- l ;r s *-\g c*-l Y-1-0 d:+ ,(V.-O) .J"1ly;l 6 ;-l ol(*-l *

(C lNo) ; I  = (C I  N) , |  + (C I  NJ ; (w_0)
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cSk*f lt"i.JScr" JLJI lJ Ta jC:.;3r L rf. l- c7le--j.AF-t;l r*.r-.-rp;.gta-^tf*--l

JUS ;-lJ,t! .J;S 6, Jl;-.:l lr .Jr.S rlF JUK $t L5t{.1 ft^; j -u:.---o ot-<,- u-15i .gl;b .f"t-

oJJ) ! u3L;. jL"; ;L;L ei- clj;r h-.y .:;1.: J J) ,J"t- "i- ..tU; ,.o ;r o;l3oL 
"J5 JIF

.x,y-./ .:l: ;lj f:/ 6"- gQ 7r -,3L;

cr+
utJ.3(+b

Lr.nKJp
ouns3lss.s JtlB .nb 6|ra;

,tFqt l" ,',nE;d51.;l.r gl4J"oLr rb3

/ - : - - - * \ - /

A, B, C (.'l.eAl<'t,,!ll

(TDMA) Gl4 ?:-;: ll oit5r+ u-;t )-c.e+ \Y-1 JS-!



(Burst generation) c*rf 't*ty 'l-A-t

,Kl ,- ,st;t: ;ht- 4 ,-r:: ! .-u:!.r -E tts'"t(--l ;t .$1; JUsl L ,.bb" ,.:*y

e5,J-:S.r,..1U.r1 ,..-/ f r:*JN-l .t(--1 ,,L) uitru \-\-t d;+ ,6 olK*-l a',t*al

.r-,-r ! .-r,-i.r" - "4 P:N(N-I)aL't, ;l P g-ti:: tg--r :l-i; 3 c-l 4(J .5t6-al3i-"1 :l"r,u N

uS; c*y,<-- .te-_l ,oJ; i-,r \-\-2 ;+ ;6 Jt-1|'lKz,atrt,SliQ,*tr,4 JLJI

rl-u-; j 'lS 6- JL-rl 4<^-: ;t ,3--t 6ta-at-*--"1 f* t .tK:--t ;t .*t; ! lr tr/ r" dlj!

,1 "i.rl; (subburst) ;pJ J-' ar-J+ ,J.L- a: y' ;-l;ti .*lN ! -rl-t t'-t J) P AW-t

daL5 .rr"-* ,[:C :-]] S 1.r.1 ,.1lyl l€:. y :l.hi q-.a 6 l;i ;l .'r-:t,r" ot-*---l o, oL*---l

L-;- u^j-.s t* + "JLJI .t(--l r^ ctlj! .j.; .i-' ,s"ss .(0-0-2 ,.:;* ..5.;) ,-t:5.r" [.

.C-l oJ.;

d-J)J) o;-,. i- J:F a, l;.{ i l ; 
"i:r;.t*---l 

.$r.r,. lkl lt c*J !g \Y-t J<J

JL-JI dT--j L; st-c>i-bl .,,--l .S.-f c^!L;: ,2.;S (interface) aL-lj L- 4(1- :\Rr Lt ! *-*.

;: a-Ji.!l- .iL-r;* ,lr-: lf ':*r, JU:l oLj 5 4s .xf .-'Fi iti 4El- .<,- ;r I-L e-y

--; ^J,l ;l t:S u, aJ3,L" l; 
"|"t- 

+5 G:. aJ o'-lJ\L. .$J-Ls" JL:l Ts A:L* GV: 
-At^ALrU

: J"_ I ,rr r-* J"

R = Ru(r, f r,) (tit1') (^-r)

)J1l @uty cycle) ,)^-c i;j: *;;i t: -l S!c/ :L-; ,c*l d *; jLj o;3r 6 ds R JlJ4"

-; ti Jrr!-:-r^ -r*i! (TF/TB):IO j R6:2Mbit/s fl Ju.sl:t .r-l-tQ .-l t' ,l*---l (TB/TF)

W -,-.1t. S:J-or.rr .r-f 1-, ̂# JS 4p R 5 .:*jil: .+-i, -l-lr .$!lcr" dtijl \'Mbit/s

j^c i;j:,J:;L a:;bJL<,-.:+rt t-e"t<.--l €E fl .-u:tr.f bit/s '-*y..t(--l .5t",'irl;

o:L-.ti :.J.c:>j;4',15: Jt.+r, JL;'.1.,^-a;':# l.il :T:jI :'"
.(-- 931:; o;3);) Jl :,+"-: 4Eit- .<," ,l:r5 Jt- J ,'*,-J,, 

./JLi o;-9: .(, .S1; b.-: or.-! cl:3r

.c--*-j o:L JrlUi .:t">t-bl 6izla);l>r' Lt U-l 6lr-\ 6.-u!.r" ,c*l ;.Ur5 E e>-rt.

,J"L; ^J .)J-€ o-1,.: \f-2 ,$:y: .ri ;t: JVfr J,\Y-? 
"|-(^i.l: 

c, .y .(,-;k-L

:;l: fll;" -L-lb: _t\t-..r-:!.-f 6;t; .rt.i 'S-- 1 (Preamble) 
"5U.";a,l- 

fteader) ,t r &"

:rl -u;1L-c 6



+ilfu> u-;-t

N A-l.r.L. .l..ll5 CrJ+15LA+j.iJ

.* a;=h,@il/s)yS .* Lt 
=Ri .'o-rit .t(-l ,^.5l,iti,J,tr 4' ,r:_, q r:-r1 -r=1, \f-t J(j

(s)f-f  Z:s:=Tr,(s) , '  .JL_stt=Ta,(bit /s) j- t  
:^:,  i t=*,IR, 

=(bith)r-KL,aL c,tc>rr-H

JJ',L-I .-l-JL4^ d-i+-)3J": CJt- ;r 6 -tr:,_r" o;tol ;iL;.: .r,+; .tK-u-l ;;)j"f": a,

<* j"L; )\r' JJJb,-./-l ! .JS c.rL;*a ,r^rL;r ,J"t- ! ls :_2; (locat oscitlator) )n

's"r f^lr' $V e- c'!-i! cslt -E' .-}"t- -iu 4 6 'ui!.r --i il[:,

,L*; 
Cf L.,'a 6f ,-r,-a: c-L ;! 6 ra:.r, o;t'l c-iL;: *.."3 .K:*,_l ;L;tK^ii a,

J*b .-l!_i!.J!,,rl lo c*;t _s\r. )-*bt ;.,--l Cly ;-;.lL..,^_o (symbot rate)

fi *ijti=" .lt-"-,r .1- .gLaltr 4J r--:Us- ---, iJLir .<-_ ,J*L; (carrier recovery)

.-u5.r" :17,-l (alternating oppsite phase)

gt- o- La-1r :l ,sf .(- .g;L-;K,li L l, g ,ra .51 ql U -r-or"4 o;l-l .r::,; .tK:--l a,

4jt<-d--ls.J-5 .,,-l*U*i (correlater)e-,j:*-", L--g (unique word:UW) dK 
"Js

l),J)rS (UW),.J!,*S..:;b;lj ,-|,;: c^: cS-t;;tj cjt-_,tr iJL;r _21 t*,_-; (UW)

Ur ;;-;lr L '-tj 
d-r .r-l-u" cJ-91-)j-t": cJt- ;r 1, ,J*r -;U ptarl 6 :;L,r,-,rG



jl"j Fr-, 
ti.jt<J+ LlPa tYY

jl r-l 5 .r-L^c{.i lt.; $licr" .$rJ ,;U pkt (p:} Jy.o .2s) 0r: Cr J it aJ .:--J

.J;' cr,_Lt-i cr;b :_9>3 gW) 4j/6.-,."s

.-r:5 l+ Jti i l ,<!t4-: (d5li,,-c"u) tpK^--l JV e--tr 6l-6r!i a5.u:,r".;$l

.<-- cJl-,,r ..r^i!.f -'#- ol-e>\ll JLtl q blt s:;b-llj ttrr ,St+"l ;r .(il; -t1.9

.:L-e>\!l t-.i -,tk, 4-5 r-rti./ G-l^i*Ji) o:t' t 4l;r J"9 ,JLJI .tK:-.-l ,a .St:tr ,J,f

C..re tbtL* Y-A-t

;:3 -\-a:,-r:.lt,;i 1,, EUTELSAT JINTELSAT,gLa+(*;) o-L.i o-:!i.:-l g-l \f-t JK.i

t-J.1.$i .;l-joL & ,t E u*-;.c- | Y ms g-f J9t .c-l o"r,i c*r, lL;L ,-,tj;.7 .ri

'5t ..r:t.-u: orb zlj a6-t :l r"i ,F- a5 c*,1 ,;..i,tK;-'-l;l .-u.i JLrl SW-t fS ,J.l- -r

ur3L:J o;j: &- ,.r,L;^-a CG,)f rtr;3i uL..- I cEl-,1 ."1*:! U*a WKl.-l JL;l jL;^-a

L-.:L-;lt Jirt*. $L \f-2 
"f9-:;r. i- l 

ol; aali.:*r,r" dL" ibli-,Jt"j f l- i JLtl . l-r*

a>y r+y Ly Jt )FJ l.;-l \ pr Ol^; aLcG.(- ! rtV, ,cl -l 5.1 Jl;il lJ '-*'\ YA

:J;5

5,<"elj rLi .i- J s,.* 01. U_.g:[-] YA.-,!r ,<,_ ! ,r<pt; ,gtaatK:--l + L_y-t AW-t

.c-l :L-i \t ;l Ora, J:yz !.tK:*t ,," -+P + +i\

.,u!.f .<;t; -rli ,.r:4 ,,r1 oV1 L- 6r[^i YAA JLJ/ "i- ! C-r" ,5ta^tK:--l y b-y.,t

.r-S Lr- !it--rt bi et' c*y JL-,11 ! lt f-/ .:"cL ;t, *5 c.*l ,r^tK:-"t (iyK:*-l

,-tLi.^ ar--l .l5 JLts g+,r o[K^+-l L 1; ctLi:y,- {! a(;-,<pt; cStelt(--l fl^i

(-, c*r, g!) git 'lKt--t c4/ tu .:*j ;"li.J'U .i- tr .rL:,-t+*"-i rlrlr;lj al*'y

Czf 
,gr*'-L ,4fu y:-fl.r ,t -y c-"2. u-Ll .J:.i #+ .t-S g J:sa

c-l ;,-l :;l: :j-3 f-re "(- ;: r..lL-(,- .:L--9;- \ ey C*y 3) ..il-l 
"fJ: 

.tyLl 6jLj!

.x-t-€ JLrl .r^i ,glLgL-',*a \t;- ey ot5L--l -e, -il F- ^L"y 
"(-r^ 

6

(Burst reception) c:o.;r ci.ib-tJ l-A-t

\o-1 J<--: l-Sc- c-iL;:lt g-/ )) )fJA SW-y.lti.t<i--l f ,::e-\ 14 ))

."l.a>.; r'.rt-li 1-, c^iL-:: .t(:-,-t .5ta;;lrt
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9

tlS.t:- u-;-s
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3\

3
_3

(o

n)
x
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F
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J6

o
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o

@

3o 6|

3o N(c

o
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F
F

o

3
g '
{

!t
N
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.{ r,
fi
9

(o
N

(ITU ,lL7lL.CCIR-88 ;l) .(INTELSAT/UTELII?" :;l.r"b-l) e_/ rk+L \f-t J<-:



e\i l.*iJ ti .jt5q ./p' fYY

Gtlt.l,.l

B;t c*'r.'

Ajt c,'uJd

I= d.ltd.r+

DEMUX

clll+,1ts o+

(:)

ffil
@Et
F:l=l

A J r
B
c

c-r, iiL;: l0-t J5*1

.Ji.,- .t_t-L-i (UIY)aK- i^i5 cl>f ,t(:i trlr f-..,p jl c-t -f 1:,." c.i!;r .L(---l

p us"lt; -r-l*.sk--,lr:jj"U 6 r-ts6' os*.ls 'J^1,clf -b :t oi Sl-t 6 j;t; 
"-=.

a LyciL-jt{ 6lt .ty-,-/ c-iL;r R c-r t/ 
ti o:-}i[ o:f c 4li ,r-l .riL.rr .-y

023: iK-- Clt S\.U'tt- 4t) d:*-)..:r-l'": jl J+ t^c-* .a;AJc e-J)ra:-i;.(,- pY qRr aJ,rl

olJJ.rB {+ t{+ 4j,.iJ

.x_s-g oril.e> sg-I.* g-; J* :t h Ly \ s x_t-rf o.;e-t f-f ?JV



ajl3l:> u-i-t

(UW)+.K- L.J5.9;L*-21(:i t;:6 oJy5.t_C.-_t +5 c-l ,g;j_i ;*re 6lgn,-r,_LLi .gly

szJ-f ;r c-* iJt ,, ,n ,it* ,j**.^s & (UW)JK" i^15 ;L ,K-l;i .-r-:U c*,J )A Ur :,

;l (replica) dldi*j j .- -.t @WuK- i_^l5 ti 6st *- J3.L 6l2t: 43 ,$; c;;L;K:i

+5.r:rL_;: ,_g[aall*;r & .5,_+ :11;1.,t-n r?, e-asL-*a ali.it-;: 6 (Ury)i(-'r,JS

:rSt"-" .$y..r- 61ltaK,(UW)^-K_ i"JS oli,i s.r, {y +;L*i ;l ,Srt ,Sr-_^ Q
(FEH-83) t-€ 6f ,,tJt uJ r,L.(Urm^,K-i^JSrLrtK_:,i

- iL-;: 
Ur :t QhD*.K- i-*15 --(- oJ^: rt<ji l* JL:-r +5 ,"g;L.,t-(;i ,.rr Jk-l

.I:Ls, a-*Jr

p :: (UWa-t<_ L*15 c-;:Lt .r_L[: JLj-t r,lJ, 6 , (false alarm) tl"r J[:A JLj-l

.-u:!.f .$t; rF Jt";3Jr, t iJl-r

: o5 *!,-r ,"t5.tL: .5;LrtK^:i p-r,c Jk-l

.r5l+ ,,Frts.<! i1SW aJ
.*5l+ ,.,-^s (uwx6 i^15 Jrt

.r5l+ FS ,.F- ""A djb-i

:6 -qL_.r" ,-t5 G":3 tl-l e(iJ tS:,t c^* 6V al rl 
"l,cl* 

lJz; Jl ' " A JLj>l

.r5 !+ jL_tft gI4 it(_ i^ts,1r"u

.r:5 l+ 
"atyt 

.rf-.*"-a cU-i

le JL.:-t ..-F-lll cr3J: L-t> JI-L;A JL"i-l .,-k -,: r.:,*; rl---l -r-_! a*JLa- 4 .r_l-re
L* ;- t- f-_,p tL;[- ;l gtKi .)r-€ o:l: ,;.a6 f-_p;1.=U ;l *); AKi it,.._j, ,,5rLrt(:;i

.155 -;t r, (UW.K- i"5 g:l: rE.:l 6 :fi l7-l;t", .gLo+LaLi _2: tii 5.."".^^ aJ c*"1

."r1";na ?-6-,

s')L!l F+-JJ ;l :L:-l ;i ;-i-- +5 .s*l pj) n(:;r -iL:* .-5La.t-(.--l .lt*" .tl,;.^

l-t--c c.-eL A_S J_S cs- rJi FIJI; 6slJb,r(:L!l ,,.e,_-r_r ;; .c.*l FJe J, t4_', (overtap)

cijl".rt";^a SWs,t )JJaJ) L-a tl J.i.rr.f "I_5 ,_;*,, oL(-_l ,r V: g..g-.;L.,1t(:,i

f*-|j ;11; l: -ti ir.,j o;l-pL rl-r.".5tr,,ra.;: *. Ly.-t OLiliiel Llr Lr" c*l p;)

d+U' Jr"j ArlgoL .5,_ (Resrdual) e.,ft.gt{-iht" \-f-A-t

4-S J-;S 6' -;\; (station keeping box) gK:*-l 61,4K d.,.1 .i_ ,o;l_e.oL A-tlt Jts

:t ly -tl 6-s:-;',-l ;a.-e)\-c.-t-!.f '/ l 'd,-LilJ;? .f,f J J*:t di rlrl gs& :-hG,y



;Ui f.i; l.i .itiq r/-?5

o,)--> \?-? .-f-f--: ;r &-:-b. ";13,.a!." ,r-l;ti )y,!:-9Jru [x\ '-' J> p) 6-Flb;l.t'i." a, ;lr"

rjJ> ,) 1U:;l .:1r..1, d..c! .r-l .S g cS f V0xV0x\"0 l* 6t:s rl-l a'' .5la'* | csy)un

:c-l ;1 3: L5l;l: 6 t: ' .,J.:-eL Yi' tJ,-J-l.Yo km

c*r,.(, Ll;3; i l t./-1.71t?.j l$l .Yo'4 :JJ-:rr iJ<J 3 c^i;;t-;-; l eL;-l:.9r*,"

;l) f-/ GV: isst L r'r-o ;r-l )yc/ orlr dt-:; :& ,,-l \ ,C-'>\-cl ,Fo tf -stJJ+ f-/ J)

.)t L-/ a-,-tr" (Y 'ms L \ ms

"r-t+4 
r-"-eU r.:*:i 4f -& 2> \, km/h..,ll;+L ..rr-lert+ ief jSlJ> fl 6 AJt ;l

\ /ar Jols lli L .tt,€\,ns/s ,3>js- ir ! .t(:^*t 
"i-;l g-.* 2> ity..i- --+-r

,1.-p )5 f- t--64 ,r)G -.1r Jl-"-:" rt4J Jt 
"/-t4=iq 

oiy .:Jt- .f j s *; ..:r: Jt:l

rj-u> 1r :1-; o:-s.9-; JP ---J J) d+ c--b1- tlt-; *&-l cSll jl-J )J'' -*4

oa*A 
"r r ' )u ,a l  

,F Gl-4 6 l r ,  ,11 c4 c&;- l  6 . - r . i t . r ,  ( ' /o) ( \x \  ' - t /Y ' t \ ' - t )s

y d*l Wl i-1< J. .9 iJts Jk:;l ,Jt j :l f :S sL; ,-'r, ;,-l a5 -:rS d:y -t'-! ."tl5,r"

.ri!t c-:^!Jr .5t-E 6raLi ,fLl t xlyg a-J. r4JJ' J-;S 6 ra:..rr i.rki

;ib-;r r JL-,|)J fu-t 6 ar,-rt- i!l, Y-f-A-t

,.t'U f..: -Lilo.l--2 o;l-9,4L a, ,S ,r-poL*A ! l1 t>-r, x-L.(n:l ,2 , ...., N) n ,Kt--l I

,f tSlt d, ,;L i;l-rJl ,r4.r" oJ,-r \V-2 .$: ;r 5 ,-rtrb .J5 JLrl e / u,J o'. '>'') d,

J S,J 04;, f,-l J) lJ t+,-t 4-i d, ,r-)[i, 
'a-e-J -+" .(;'l r)a;' 'tK:--l

osreL -i!;s:t !fi ) t o.oo'

r tu5yj t  Go-r-  4xlda

611l* t,y> ,5.- ;l u:41: *t! ;r,j i-;lj,oL 
"i 

:l^ t oJ.j Jti-xl f+- u;'a cr)J j.; \2-2 JS.3'

ol5 ;.; o1lsaL ,.L ;!u

(i-.cL Yf )



llrte u-i;-s

,.t'U "(- 
| n ,K:*-l 5 *:*l 

T jU: ,iuJjn;: d:lrJlj .t+-€ o-rar c*1 ,lLj e/
dLJ .rAr pt+,,l lt J*zl (Start of transmitframe) ,SOTF,,,.1L_21 6_/ er ,.tU1 0,,.,->..*J d,

al{; (time slot) .1t )f J-/J. +_f jtf a 2}:, r ,J,_L ot31--l e5 c*,1 6l$4 SOTF,

orf 1-r* o, n ol*---l ,_rt _t"-o JKi, ;,_lJ,t! .J.5 JLJI ,g-t' j*t, *1"-,r .s Jti:l jt;

c + d, -;L L n ot-*.*-l 6 ,- .l p:! Gr- Fjl{ lJ 4U*J J,-l a e_r )r-c/ 7;, SOTF,

'Ji.,- - i!-,: 1-, -l-,,-r*-! SJ ,gistrr- lS n oK.z--l,p-.(; .r;'r': ::t ttr*'"

-u5:/ oa*' \ SOfuF".#U:: 
Ft (!f bl1 ,Crt' .:-s ;l (UrD ^;K_ i.J5 .5;L;lK-:i

cip4t: p:-* 1:r j SOTF, aJl4l // fJ-,- j* .tL-r :L:lJ \A-P ,F .Q;Ltt f:/ t:r)

:-; d,(n:1,2,...,N) *L ! lt .r)r 0,. Ltt' :aJ .n.t(:-l ,,o :7_f ostt e-t. GU) C* lv-t J<-!

U f  n , t < i - - l  . o 6 ) J e . r K . i . . r " : . r " ; l j . ; l g L  ) l J ) r , J S G , r i e ' l ) i j U ; t 5 t s o ( i : " c a 1  u

.ra.:.; crL:i olK:-_l ;"1 ,515.\ $OTF) ;U;l ,,r_*



j t" j F+'ti. j t<q ePr

,9j1 st-;;l;l,)Lj i.tt-21 a, o;tj-oL :t (k) g-f er ':U; ! ,J-rL, SORF,.r^r,-/ oL;.; 1: SORF,

'-u!.r .st uf c i J;l.uo n t--a).tK:--t 3t ';l3oL +L."8 R, 6 'J:'l€' R*/c '12;--\ #

4;j; ;L;il .tL; i.!l;l n-. SOTF, ! .S-lL- ,*l g -c >-t-o .-i- m nS (k+m) f-; Uf oV)

ti\rp o.l-lJ o;l_eoL;r (k+m) ,'-S : &) g-t Llr GU-t,JjLl-r+ ."r^:tr,-f R,/c al\L S'l

::-; j' bl j: u, lt 1; 
'aL.l; 

y-l1t-. .'-t;Lu" mTr

) p
SOTF,- SORF,- D, = mT, -2 (s\

c

i;l"r-il ;1 #t-rmTr +3 faJ.JG.il S-ttbl:m oS e-\ gjY,-l^:li c-5 +5.-',1 di-l .5lr'

i ; l t-ITELECOMI',K-1 tuA p Jt",Sl-r.-uL.c*l .; ly.oL;l t:s> oS n oK:'--l 6lr;2R*/c

,L;jl gb; ,:5lu U ,>-,1 Te=2\ms r*-,r .tLj 6.,y: .(- ji q ,'bLt E ty.,! f t \L rly n

.r-t-H f r u -t (Urni'- "*" .rt r::::t,:r::;,' ::r-,t'L:;:;

Ly ,t Dn )lJ-;b Ua: ;s:4i {*1 .Js.r" JLJI a1-tD,+dn 6;1-r:l a' 11s.6\aI'A;:3 or;5

::1:1** 6l;u, u;Up stl_t

a:- +i.l- etss !.5-rLclLr'"-a

;t dI- erst ! d;jLdtrj^a

n ol9.:--l 6,1r, SORF,.:.iL-;: -e SOTF, Jt)l )t it Ur- ot"j dL" iLl) \A-t JS-!

(q-r )



dlSv u-;*s

aiJ-> jt, q 6jt-,jt-.,^o Y-f-A-P

4-i + f-J- J, \ .ttr c.*r, c.1*!-y n ol9'z--1 .$r../ oL5 lJ es: c-l \ q-t 
J-C,

,5-,1t-2t(:i J Ct' 't-1 (LIW)^.K- i-15 .5;L;tK-:i ilf" r-rL; 6f ,;lt'l'd=.j;,y:y u-t

c-!U;: ;) o-l-i oJ.at-L )lJ;' d*(j) )t-€ nf .J5.rr orali ,-t)f *J. (Urmr;K-'4^S

-r)U-il .sl oJ-; orLir-l Jl*tl ,-lt-j sr.+ c*e- Dr(j) )lJi,:i Al-e. ai c-,1 .1-

r) n-:j$l q qi! \Dn )lJj-.tK:--t;-ttU .':-l ,- ,' c*;J,",51L;e,(i) :do,(i)-d"

D,(j +l) = D,(j)- e,(,r) (s)

..torr" i-li l

( \ . - r )

,-SlJ-.1 fj) crL_.; Jill- *5 r;5 /->y )J*1Lrr.r[iil JL;l r,rL;;5 6lJD, -t-"q,,11$" 3

YA. zs:j-r-- 5 c,-l ._,1lj"ot";1 oK:,--l g-1;1t tSlr. r- ,y J*;L;:ll r..lL; ! .J-rt* ,?o;

.-t-!"f

,lLj n++ :s s $€ o-rrE l-,2 j,tj; +r,:-.3t3"n.K:-11 ior- a;l- ,;tS: q dJLgLj^l \1-1 J<J

.J.S 6, G*a: 
lJ Jl JLJI



jLj F:.J ti.jlsr+ ept

jt Aib ,-,"5.t + cStLOLt-o f-f-A-t

J[.5 L;tij r F ,f:_; \ A tyg o:l,i.i.l rj-b+(:; 6lt ,1-g ,-ts,t ,t_l

t-#'* J-# C=y "t-(---l 
'^U_y 

",Ji;t;.gta-^tK:--l 
i ,.r.- ,.!-r4i f j,J-;Su,

3 o_213-oL dt " R, 4L'aU i.*1*" 3 o;13-aL +J" .:t-e>{-bl 'rllt ,f_u ;,-l .(L-V-? 
"r:;* 

.c5.;)

,Jlrl (r-L;; ;n) .g;1.r" J's .L(i.*-l il*"r -rjl,r.-r .;l3,ob o*ij,. .-r-!.r ,"+; ,t*---l y

otK:--l 3r ,-r^:! ,,t , ):_f ci*_t u:;. J ut-l;l ;4 oty .:l-il- (decoupling),35t ,51 .r'e*

J) .,-LA)s, 
ar l: €J) .J-l Y. -t J.fu, .r3-; :ta_l g:l ,lK;*,-t ,; o1)v *_L (auxiliary) ;iS

.J-l5sr 6-K ';lt;l lJ JL*a-t#.-J, ;L;jl i;L; A 
-r.tK:*_l s C s B cr,L-dl#tt .t*--l

a.l.-"r o;l_joL d.-a*tJ" ti J-SLJ- 1,&A -r.t-*_--l a, l; y_:LL ,t-l C sB 616-otKi-_l

.K--l .r-:-; ;,, ,a; 4(-j .Kt*l J-^ jl o;13,oL- A+U .it-t*" J 6JJJs*li

Dner.rttu 3 19J.#L.j eJjJ,

XX
TDMA.Tlsi

e+;r ol33*rl

1
1
o

I
2
1
o

!
. 1
q

1 .

5
I

J

1l aA> i3s !.5jL.rLj.-r Y.-t J.<.;1



a;t3.4 u-ps

L lJ (q-2) +-t,l; ,,11 oJ-; r ,-[* Dn )lJ-iu n uS-sl;6taatK:--l l* t ,;t:.; :* + gr-r

aJ c-il: .?3, r,-l{ .(\f-t J.*, ..5.J) rscr" Jl4l e-f 
'=-,1CDC <!t<* Jtlt5;l .-:Li-l

(u.K J. J --rr ,5-) :1 "'il crLj 6f ,;lxl c5l;a jt; )JJ'. dt/j [ *1 .gvl- ?--' ;l 
"]-i 

,lt'.1

a-;r.(,-) gy,tK;*.-t a,,r(5 otK-:--l 3r tL-r,;[c)\!l ;-l JL;l ,Jll jt* )JJ" dt j i-il."l*,

...rL; ;-l .J;,l.urD, t-rLL g,-jr ,Slr+ flj! dt"j .Jt)t J +t*" ot j i-iUltu s G-;3 r. t

Gss y d;jL-dl,rj^.6 4-.: c-:- Sf :-t d-tU- 6Wtj a;;;;.: J bJ +l.i 
"r-t'a 

q Il.i',-f

.-u:tr.f ;U ,;-1" a;- a-il-

.rrL;^o -,t*51 A-f-A-P

.--i.f ri*J, r:y' aSL.i rtl-l .ulr;.1 .tK:--l n5;L.j,o6;--1 4 {"r 
"/1"i.^ 

,-,L51

fS ,tr, ! .:*t ,5- .t<:--l t:-I dl- ,-fs, st.rili jq L- +' r a.il- Osya \ [l-yg.itJ-,c

oJ-al-:r lJ di c-=tJ" st3-)ut d-JJ.r, 
",.i)L4i 

o+ iJl+r.i- U-l J-r*:-b.6 -t:S,r" JL;l

JL-rl J-ts ",lJj 
q I :;o ob)\!l .r : bJ )f .,"u d-:--!J,, c tj J5./ e 

lr;i 
"rr5

,H, o- 6tJ dr-:l n-( -l5,rr orL l2 ,-rt*51 ,irl ,'r q; iJl*t &- L-r'd-9'-)3-L' .xy,J

3 orlr l; l-L; ,4rJ" 6r-3,;lxl i-;t-l 6,--l nJLl: (Auto Conelation) 
"!:-^a>y 

uel2-

JL-rt .grr' . J. ug--.tu 4n "rlJi r.;lj ot(i--l jl ;U ,[l-u ;t5i-l.r y,J 6iJl Jt*q e-!

2l ls D, i;l-r-il ,.$y' r-;lj ot5i--l ,-2L a.i.l- 6J-s :r.J5.re rjJx lJ Jt-3 
"rit-Pt<--l 

;l o-r^i

.JS 6, JLtl q ll.t.!l ,C./ c*r, c^iL;r 2l tn D,tdn'oLA -t> j o:f c^iL;r e:t' 
,lK:-'-l

rDMA.jr+.ltt! c+'E A-A-t

,-,-F \ -A-A-2

y: o-,11-9rt- 6J:5 JIF Jtlt5 .-=irg .-.- ol...r xl-yg TDMA JL-'l .ry-{ 
"!G 

c+}

e6+ L/p); lt- .5111 a,t-j-. JLitS '4) s (,-q*- ).<-" -Li!) stt- 5l; :fLr

,Jt'l-.51; rr(.r -t, .r9.J ,-/ Jli.-:l $t .SLe CU cJl- 3r st S t-r,J .f f .)y- s|f ";lxl

.r;!"f (bit/sHz) o-p.!3J, .,,i-b '.:-11 f j (Hz) JUIS -rit 6qB 6 .:*l R=Bf Jiat c+-rg

+5 g ,.1 
"r-t+L; 7g^"r,lt, 6 ,c'-l n(t-lt,lrr) At q.h.itil+ ,-/P) t)-t' ))

-+j e-l-t\.(.:*,t gb_rtif +it-pl a, lit*" ..gta:t";) $l.J-! o>l: u,"l-."t\ .ful; JU;.;l C;l-t

:Li ,' ".1 -tl_r ,*-r-* .!U

rt =r-Z,,lro ( \  \ - 2 )



jt"j fr.-,'tt oit<q tgps

s-rll,l .5lr- 't-l;r 6- 6) .<irli JLJI a'. a:tl- u,al-asl rJtj c-- .,,-r-+ 
"1.i6 

-+rt

-+-h.5,-f o! 1; (:;lrr,.r" l.,,1..ti a, aS*; )J;ll6) JUK S-S-,6,:t-;7g*y (c*,1 +(*:

"ut1 .<"F Zr, , tL) Tr jt,) \r 6 ;". I f t d:./-Jl_* 
"!tj

s :\r -,: k*:r :lt; p d 'aS.r;b g,-l y P l4*r;:l.l*; r ,5*. u.t_+ 
"!G 

c+rD

,c*l E-.r" C+rr 3: &U e-r, l5--l ,f ;li .-dt: c.!U- bV; 6lr. c^,., JrL, jG) ";s, g

r t=r-(r+z\p+ f l lRT,

.*-:lr.f @it/s) ,.-S -a., -/ R 6

N.gta"tKl--l :l-r-; 
":+,c*l 

6,_t-r-r:l-r*;;l .*U 4 o:te tr*-l_* 
"fr6 

-+,.t

o-:F a: .r-r-J-: Jrti c+rD 3 .>28 u$:*. oJ^i it*;l .{il; .rar.*- ,t s_t * 6 ,aS-) 6_9,

:(\-0-2 u:;.) :j*u, e-* t-)

P:N(N-l) ,,-_-,1l: .53J r^ ctljli ..J"E ,l tJ) ))JA ,

P:ly' ,r,,tlr o-rul*t .K:-,1 ,." gl;! ,j.tr .i- .-r,arr*- ,_ts: ,:y s,

.c*'l ,re-1, tSri es-t it^;l c:y,u!"r 
t',.:*l r[-,1 P 5 ,?: G;-4.!U --p-,t.,,tt

:l.t-; rl u41d '>tt--e +- t(-; .i_ c^+_rD i*l>";r ,.*i:* :-h. Glh, 
"!tt 

c+rD

slt-; n J GiI JUts .<-_ ! !t+_,1;: K!t(_- 
a;, € 'f f )J),-/ Jt<, .,rlj 6UUK

:g:l: ,,-lr,L, ,J-:L ,_iil; 6kJUs
R

n = q - (r r-r )
rl-t-; .-t5.r- Jt+ l) ( (bearer) JiU cSL-aJUIS) f-_.,-:) .,-.at.; cgkJul:i :l.r^; +Ll; ;,1
o!9 t'* :l orLl-l .tt-(,| * .fu,a(; +, 4j,\,a:-?;: (Te*estrial)g) & cStAJtjK

.(f-f-\-\-f cr:+ ..S.J) r;tr ,;i q /U- e*. J @SD j&e 
Jtr""-, GVs:t

p?.P dLj 6.1lD t t9,r. ci[;)t Y-A*A-2

,-+J .lK:*lr.it .5La+L;E _,, r)! i:-;t 4*.i_ a1 .i.r, j\* e-S;L, .;3: ,-<1

.(--;l .it->t-bl .:b 
"!-;eJ tJ lp i;3r ,-_l -l 031-c .r;l: 6L=ol r: ;L-;r 3 JL-rt

,.rt ,"-l Cly ,, ra:.r, .;JJ t-t ,*t -<.; - .t(--l !-1, ,5_ * .tK:*,-l - '#) a3.-t b-lJ

.c*l 4-:iU- 
"F-lFl 

c-!!;: 3 JLrl or+i dLj 
"t 

-r 6 j:< J.3 l:!; ;t-;.il ttL; U c ..1 ,,1r,
:,,11: ;-lyL",*l p,-_p 6- aL, o;3r L 63Ln,51_u .;! o|-t o_n

:g'lb

(r Y-r)

L-l-2 a'. L-l: ,]',-_* ,;l: = .-:3 J J c^i) rl ":.al tslej + 2Tr ( \  f - r )



*13.s:> u-;-t

jl !-t+ ,.)ttrJ" dL! )l.il bV;.tSu, era'GL14 
o;Lo; a, CCITT'a"c; ,6rt JLll ,51r,

;l -qU ,_r,y-.:l: /A dJ j ii; _,1t-ail crL; +fu-l ! 4?y ! .(0-f-f d;+) J;5 ti;l"ms

(..j,-.:,j ctLA4-U-!-l:;Lr.-rl dl'+tj Lf* 6lr-.Y,ms ,F; -b J) l-.,i J -r5;3t6 \Y/tms

:>_.e*: a-:lraK; J) )l$' rt ;5 r-\Tr ,(terrestrial tails)

r, <){+oo-278-30)= 46 ms

.)t-€ 6f -p;: \.zzs ti V0. llt ,y f"t jLl 6t-ao;3r ,.f.-c ;r

,t*r r d;l;> rL; .,tL>)L Y-A-A-2

"rt-lj-rl ,,,--l-! "!U 
c+rD -r:5 l+ ,*rK Il, Ut4 ,uzs-f e-;r ,jU: i;3r.i- .51;L

:.tS.r" -11-11 l2 ,'.1 >slt' ': -*oV if-l .{t-.,"

-# e-l ,tl .tFe r3-t-. .5rLdLj^^ .f:-,1 ci, ol ..f ,-ts-t ,t-l:J"rl^" ,5ta:Lj Fs

.r;1.: ce;l ,L a;l- Cs_t y ..-;- q +iJ-- ;j;

f^l; c-r 4;qt"j J ,J,t- Cr at";lr .gly t-a.rirS;r jl;l-r." 6 .:*l gar :t-a-lLr- ,:-atS

,b ;r ,"jr-" d;ry)yJ,: ,Jt+r l-' JGIE d-p")3.ll: 31 .fl-h I ol,r.+;=4.-r .r./

o;3r *5 1-;-f bly./,&-tg;:. j l lr c--* 6t-t; JL-l ,., j"-l l l  Jts,,-l ' l ;1 ,.6 g--5.

I L: Jl r ;A JL.j-l ,:-_lj-l e.-eL JtJ ;--l t-l rrl: ;ltJ \ (UW)JK- i-.15 .,JtJj

.r;1.l ce;l ,L a;l- ,/s-r r. ..-;- q ail> j'j;

.(f-o-1 ;4) >t-Ll (UlIt)^,K- i"J5.g;L-,1ti:l 9 (false alarm)

JU- f-A-A-t

N rl.r*; l+ .S:L- P '*l; SWt:l.r*; ;l .*E o:_yo t er"./-* 
"liG 

c+rt c-,lr*;

.5La>-,1lriL-l ,,-:l-L ,;-F-t+ L- r-liLr- ,t-o,r-;"r rl,t-i I :, .-<.;t;.1-(---l

,rt+ t-l .r,l- t-#)J (\Y-2) L-J.:L".1: \f-2 jfu i- .I3,-/c-[i-l

:,e-jll p = 560, g =128, R =120.832 Mbitf s s T, = 2ms

4 = l - 2 . 8 5 x 1 0 J ( P + 2 ) (\  0-2 )

c+) d--/-! 
"!U 

c+rD i:*a| t":J.r.l5 q )t-€ oJ,-r \\-2 ,F ,p nl.--r o4l:,-r-1

:l-r-; :;j- ,, 
">U" ."r5 ozy 6,s-r..: :l-r-; -.11 eE osyo a' (FDMA )-s-f )t \ \-t J.(} 4,

( \  0-2)



un$.+,J.lI s+Jl"

jt"j 
{.i.-r- li 

rjt<J+ Llps

25
laoe:3g.r ll.rr3

.F ,rt-t 4 ,Sl_,r o-r..i o:l: dti /.\ . , )l$, ,INTELSAT/EWELSAT TDMA -1- or-,11 y\-t 
J.(!

.:;:.r" JL-,;l t-_t:. 1k J rS € yp _r,t g-l;;l d ,-u:L,r" .* jrl- ,K- c+.,L ti ,tt.t

4+..ti ,-6-'

jL,_,; r-e t5-; e<-- iL"rLi -,1: JL-;S \ ,r-p> L (TDMA) u;1"1 --i: itK-r+ 6-p)

i t -* l  crpl; .gt1ly.5l1b 6 ,-rr- l  oa*,,

lr oJ-Is JIF JUIS -u! crl.;e lL*j 6 ,J"l- "<.; .<,- t;-i o;l3ot or5 rlF JUIS ali*J ,.o;r

JUIS Lt-:l ,JlJi Jl cl,t- 3 -tj;l-r.i r_9ryj rJ34-)-9.r"r:i-l .5[adJ,j," ,$ e &-]A JSs" JU-il

..t:5,r" o:Li:.*l

.IL.f 
"l! 

,L-_, [a.r-r:-r;l .5rL; :l.u; ,51, JLJI c,.:J,-i 
"].itj 

c+rE

.cJ te6t*-_lJLrl Jl i JjS C cSjtr

dral nJ J-5 ,r- c.!L;.: _r JL,.,l ,*]lSi 4 ,Ss: i-r- t -r.aa, t qy JJ+ t-ga,t<--l 
lt"j

.r5.r" ;L | (Tuning),*Ji ,r3-

:ri!c/ i ,se*t',="-L" .51;b TDMA r,l y .jXr

-,,L5 .-r ert' ol<r---l J) .)."'U 3 0J..7.^1 (procedares) gl+Jl_l-l .li cSl_r 6 .5;Ldt j*A a, JLi

.t_t. StXlS j .(;t;l 'lu;l_rC taJlj; ,,_l ,+it-:;Jf .)r€

ce2a- gj6r.-r*r ! a-,_LL _,, -rjlr iSLg J dlj dl!-lil C jtj )t-j 4.aJ I gj*t ,gl1

..r-ri.r FDMA Jd, .,-b.



a6+,r.r'

.)A*"' t L: J[^>l - J -b tt-r c;S l-f -F stl,t.t(;--l o1 .t<---l .Sl;J "<,-

--Er ,5lr-.C/I'{s c*j .'l5.," oah:.A 12 E/Ns c-*j jti >1jt zlt}- ot-j :} i-,l!"ljl .r4.r"

.)t-c/ oa*'' ,x:-C,5.,;jir[- b.:,-l ;.: +5 f u;+ ;) o-l; .'l! 6L^aLl, 4-J, ,J*[5 ,K'J

cf No =(n1N,)n (\ v-r )

++-h.il- 1gl;! .,J-l o-r.i (A-2) ilrL, -1r R iL,l; l'5 ,-uL.r, R ! :-b C/N ,S J"-) dliLr,

,t3u ^S l, R cr,, 3: U rF (dimensioned)6-,ru,.;l.rJl ;u! ,-6t{i 3 cllgl ;: -r,-t, .tK:--l .i- .Ra

;r) .r *;r- ..r +r (A-2) iJl; -): e-ll" Fl .t_5 JL-'l ,-t*:tr./ :l-: Ta/Tr .Fo i_,st d)J{ t'

;r--l ;l u:4.(r:,t{./ ;S ;U 4ja C/N11a2.".:J ;: : $ € JL:lRa .* Cr [ .t<:--l FDMA

:, -l-,.,.1! .5;.J 63.1 o;l3"oL iJ-:SJlF JUIS J"--r; iYt ;"t^: eli ,.Jl-.f a\-y TDMA ,*,p

)-F€ cllr,,1 ,.r^l:L,r^ jli r-r_r (back-ffi tf-" S FDMA.:Jt- L a--[L

o1;.=.6.7; ;.-l u-j^ Ll .r-,11.: gj) ,,"*-' ot5i--l ;, 6;{"-t-t olp; TDMA ,6 th.

rl.lo- ,'-lb -,r'1)! Jt*Jl .J-xJ,-J- J-.iU c+rE #, I ,_r-E .r4,,r .Ji t{, :rrr5 -hw *.

.)yL/;t 1", dX- ^r. 
",4::4 

JU:+r: ./jl:, ,r,1r, oi)b )-t-€ glrg 7rL--,1 t9lo..r.-?)

(CDMA).15 f!*,,*iJ l{ 4tiq r#_rtuJ ?-?

f.-J-*- ! _r p:l.u 2eL *. aS=;,-gta.otK:--l ,(CDMA) rS f:-J ! dt<r+ ,s.p).r,_r-, !

.,l;lu u,_lJt! .J;5.,, JLjl lJ .:3,- ,.-'Le)\-bl .;l3aL il5;lF JUIS;l at--i- 6;S j rj! ,S-l-.t

lJ.t<:--l ,-a 6 6l,xf o!-y,r-,11: ;[ls ;r-l -t x-ir-l 4-3, --i'Jt*.5ta-"tK:--t .SkJL,,,1 ,*

ry;.r" ".r.r.tJ ,5 6 e>-l e/-J)J) iJt+, 4 '1,)'l .>t;'u. u-hl ,5,-l .-t-LU^:, oi'lJ, 6lp)l I

i) ,;aly-.5lrlr .l-U oI; orL,iil 6l-a,sS oo j a' )y€;JJi "'lx-i -P ;r -!,i" .:ta>\ll L 3

:.lt:-iL

.r:,t cJaJ.-U J"li ,dt j 3:f :: 6:j- 
'aiL-.'.+"i jl aLi q -L-t? .l5 r.a

.J-:t ur#*:,J J"U 4<^; -,1) o-tj orLir-l .gt'o-tS -3-t tf -, \ qy tr3* jLi n J,-q 5r^

;l o:l;. '1 ! I .r-t+i +,.ib){.bl JLtl C &*i ,J-i" .ilc>t\ll q ..t^i yt'j 6ta5 JL;l

1L-;l "p: 
.:;l: ;t-i t;ltt G-y-tl:.r-S; -Utr .5t#- a, , \" ,;;1 ;) o.Li o:Liil .gl( l'-r,

..:-l -lt, J*'^ +,5,4L )Vyl * ua.;

:;l c-l '>)le CDMA;) o-Lj o>Liil .(5(i j:

.(DSl '=.aL. iJtt.:

(FH) ,r*ls j otJ-



rS f#; \.jt<r+ c/p' Yfz

(DS-CDMA),q.ili,..r iJtjc l-? -?

-)l' o"l-l \-\-?-?

,:3-iJl,*; l i :- l , lr-i 6m(t) atJ)J' gLa,rn:,rr Cf 
ls,ts_ty-lJlsd.Ll Yy-2J-*,

LJLir 1: aS m(t): +1 
,,,tb ;-lr,b ,r--*l or; .l5 NRZ jt, ! 3 c-"1 Rt= l/Tr.+ 

3l tJl:l:

S a; .ty- !/ i)e ,J-t\o.pft)= +l J13,,a a. J,J-l JS NRZ J1t' \ aS p(t) u;-2:jt

lJLir r--..:r::: qrUl .(\. 
t 

[ \. '  -_n ! ).:*l Ra -:l 7t _,1 -S* jR":I/T, r. lr.p(t) 'a)Vt

a/R".xl-rt+.f.a) dz:i;j C! 
(c*) e-J)J) trUl;l l;i alt4 E rr../ o.rr,.U ;a7 &-p(t)

JL;. lgly ) ;ti .:",; .-tj415 d;ryY3J" 4\.jm(t)p(t) ,F; ,SS=- ,-H )y€ oJ."U :-:?-

4Li cSkat-*-_l pt.; .91r, ..ti;S; d S.r al3r, l; &t- .<,- ( t-y-t d:+ ..5.r - BqSK

:rl cr! il o4|: ̂ )*_rl dlgu.lrc(t) ,t; JLrl J*t- .c-l 5.;-;

+c^|
jupyJLBu

R6= 1fr5

m(t)

p(t)

m(t)

lflc =R" n:+ c;,

I to l

LE-
(chip)

m(t)p(t)
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AAL ATM Adaptation Layer
A/D Analog-to-Digital conversion
ABCS Advanced Business Communications via Satellite
ABM Apogee Boost Motor
ACD Average Call Distance
ACI Adjacent Channel Interference
ACK ACKnowledgement
ACTS Advanced Communications Technoloev Satellite
ADC Analog to Digital Converter
ADM Adaptive Delta Modulation
ADPCM ADaptive Pulse Code Modulation
ADSL Asymmetric Digital Subscriber Line
AES Audio Engineering Society
AGCH Access Granted CHannel
AKM Apogee KickMotor
ALC Automatic Level Control
ALG Application Level Gateway
AM Amplitude Modulation
AMAP Adaptive Mobile Access Protocol
AMP AMPlifier
AMPS Advanced Mobile Phone Service
AMSC American Mobile Satellite Corp.
AMSS Aeronautical Mobile Satellite Sewice
ANSI American National Standards Institute
AOCS Attitude and Orbit Control System
AOM Administration, Operation and Maintenance
AOR Atlantic Ocean Region
APC Adaptive Predictive Coding
APD Avalanche Photo Detector
API Application Programming Interface
AR Axial Ratio
ARCS Astra Retum Channel System
ARQ Automatic repeat ReQuest
ARQ-GB(N) Automatic repeat ReQuest-Go Back N
ARQ-SR Automatic repeat ReQuest-Selective Repeat
ARQ-SW Automatic repeat ReQuest-Stop and Wait
ARTES Advanced Research in TElecommunications Systems (ESA programme)
ASCII American Standard Code for Information Interchange
ASIC Application Specific Integrated Circuit
ASN Acknowledgement Sequence Number
ASN Abstract Syntax Notation
ASTE Advanced Systems and Telecommunications Equipment (ESA programme)
ASTP Advanced Systems and Technology Progtamme (ESA programme)
ASYNC ASYNChronous data transfer
ATA Auto-Tracking Antenna
ATC Adaptive Transform Coding
ATM Asynchronous Transfer Mode

BAPTA Bearing And Power Transfer Assembly
BCH Broadcast CHannel
BCR Battery Charge Regulator
BDR Battery Discharge Regulator
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BECN
BEP
BER
BFN
BFSK
BGMP
BGP
BHCA
BHCR
BISDN
BIS
BITE
BOL
BPF
BPSK
BS
BSC
BSN
BSS
BT
BTS
BW

CAD
CAM
CAMP
CATV
CBDS
cBo
CBR
CCI
CCIR

CCITT

CCSDS
ccu
CDMA
cEc
CELP
CENELEC

CEPT

CFDMA
CFM
CFRA
CIR
CIRI
CIS
CLDLS
CLEC
CLNP
CLTU
CMOS
CNES
CODLS
COMETS
CONUS
CoS

Backward Explicit Congestion Notification
Bit Enor Probability
Bit Error Rate
Beam Forming Network
Binary Frequency Shifl Keying
Border Gateway Multicast Protocol
Border Gateway Protocol
Busy Hour Call Attempts
Busy Hour Call Rate
Broadband ISDN
Broadband Interactive System
Built-In Test Equipment
Beginning Of Life
Band Pass Filter
Binary Phase Shift Keying
Base Station
Binary Synchronous Communications (bisync)
Block Sequence Number
Broadcasting Satellite Service
Base TranscEiver
Base Transceiver Station
BandWidth

Computer Aided Design
Computer Aided Manufacturing
Channel AMPlifier
CAble TeleVision
Connectionless Broadband Data Service
Continuous Bit Oriented
Constant Bit Rate
CoChannel Interference
Cornite Consultatif Intemational des Radiocommunications

(International Radio Consultative Committee)
Comite Consultatif Intemational du Telegraphe et du Telephone

(International Telegraph and Telephone Consultative Committee)
Consultative Connnittee for Space Data Systems
Cluster Control Unit
Code Division Multiple Access
Commission of the European Communities
Code Excited Linear Prediction
Comite Ewopean pour la Normalisation en ElECfotechnique

(European Committee for Electrotechnical Standardisation)
Conference Europeenne des Postes et Telecommunications

(European Conference of Post and Telecommunications)
Combined Free/Demand Assignment Multiple Access
Companded Frequency Modulation
Combined Fixed,/Reservation Assignment
Committed Information Rate
Co-chatmel Interferearce Reduction Factor
Commonwealth of lndependant States
Connectionless Data Link Service
Competitive Local Exchange Carrier
Connectionless Network Protocol
Command Link Transmission Unit
Complementary Metal Oxyde Semiconductor
Centre National d'Etudes Spatiales @rench Space Agnecy)
Connection Oriented Data Link Service
Communications and Broadcasting Engineering Test Satellite
CONtinental US
Class of Serrvice
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COST
COTS
CPS
CRC
CS
CSMA
CT
CTR
CTU

D-AMPS
DM-PSK
DIC
DA
DAB
DAC
DAMA
DARPA
DASS
dB
dBm
dBm0

DBF
DBFN
DBS
DC
DCCH
DCE
DCFL
DCME
DCS
DCT
DCU
DDCMP
DE
DE-M-PSK
DECT
DEMOD
DEMUX
DES
DM
DNS
DOD
DOF
DQDB
DSCP
DSI
DSL
DSP
DTE
DTH
DTTL
DUT
DVB
DWDM
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european COoperation in the field of Scientific and Technical research
Commercial Off The Shelf
Chemical Propulsion System
Communications Research Centre (Canada)
Cell Selection
Carrier Sense Multiple Access
Cordless Telephone
Common Technical Regulation
Central Terminal Unit

Digital Advanced Mobile Phone System
Differential M-ary Phase Shift Keying
Down-Converter
Dernand Assignment
Digital Audio Broadcasting
Digital to Analog Converter
Demand Assignment Muhiple Access
Defense Advanced Research Project
Demand Assignrnent Signalling and Switching
deciBel
unit for expression of power level in dB with reference to I mW
unit for expression ofpower level in dBm at a point ofzero relative level (a point ofa
telephone charmel where the 800 Hz test signal has a power of I mW)
Digital Beam Forming
Digital Beam Forming Network
Direct Broadcasting Satellite
Direct Current
Dedicated Control CHannel
Data Circuit terminating Equipment
Direct Coupled Fet Logic
Digital Circuit Multiplication Equipment
Digital Cellular System (GSM At 1800 I lMHz)
Discrete Cosine Transform
Distribution Control Unit
Digital Data Comrnrmications Message Protocol (a DEC Protocol)
Differentially Encoded
Differentially Encoded M-ary Phase Shift Keying
Digital European Cordless Telephone
DEMODulator
DEMU1tipleXer
Data Encryption Standard
Delta Modulation
Domain Name Service ftost name resolution protocol)
Depth of Discharge
Degree ofFreedom
Distributed Queue Dual Elus
Differentiated Sewice Code Point
Digital Speech Interpolation
Digital Subscriber Loop
Digital Signal Processing
Data Terminating Equipment
Direct To Home
Data Transition Tracking Loop
Device Under Test
Digital Video Broadcasting
Dense Wave Division Multiplexing

Early Assignment
European Broadcasting Union
European Community

EA
EBU
EC
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ECL
EFS

Emitter Coupled Logic
Error Free Seconds
Electronic Industries Association
Equipment Identity Register
Effective Isotropic Radiated Power (W)
Edge Label Switch Router
ElectroMagnetic Compatiblity
ElectroMagretic Field
ElectroMagnetic lnterference
European Mobile Satellite
Excess Noise Ratio
End of Life
Electric Power Conditioner
Emergency Position Indicating Radio Beam
European Radiocommunications Committee
Echo Retum Loss
European Radiocommunications Office (of the ERC)
Earth Station
European Space Agency
European Space Research and Technology Centre
ETSI Technical Report
European Telecommunications Standard, created within ETSI
European Telecommunications Standard Institute
European Telecommunications Satellite Organisation

Final Assembly Code
Federal Communications Commissron
Frame Check Sequence
Fiber Distributed Data Interface
Frequency Division Multiplex
Frequency Division Multiple Access
Forward Error Correction
Fixed Earth Station
Field Effect Transistor
Field Effect Transistor Amplifier
Fast Fourier Transform
Fixed Gain Mode
First In First Out
Frequency Modulation
Fixed-Mount Antenna
Fleet Management Service
Fade Mitigation Technique
FIFO Ordered Demand Assignment
Field Programmable Gate Array
Future Public Land Mobile Telecommunications Svstem
Fixed Service
Frame Relay
Frequency Shift Keying
Fixed Satellite service
File Transfer Protocol

ETSI General Assembly
Gallium Arsenide
Go BackN
Global Coverage
Ground Communication Equipment
Ground Control Station
Group Delay Equalizer
Geostationary Earth Orbit
Global Maritime Distress and Safew Svstem

EIA
EIR
EIRP
ELSR
EMC
EMF
EMI
EMS
ENR
EOL
EPC
EPIRB
ERC
ERL
ERO
ES
ESA
ESTEC
ETR
ETS
ETSI
EUTELSAT

FAC
FCC
FCS
FDDI
FDM
FDMA
FEC
FES
FET
FETA
FFT
FGM
FIFO
FM
FMA
FMS
FMT
FODA
FPGA
FPLMTS
FS
FR
FSK
FSS
FTP

GA
GaAs
GBN
GC
GCE
GCS
GDE
GEO
GMDSS



tqv

GOS
GPRS
GPS
GRE
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GSM
GSO
GTO

Grade Of Service
General Packet Radio Service
Global Positioning System
Generic Routing Encapsulation
Global System for Mobile communications
Geostationary Satellite Orbit
Geostationary Transfer Orbit

High Density Binary 3 code
High level Data Link Control
High Definition TeleVision
High Electron Mobility Transistor
Highly Elliptical Orbit
Highly Inclined Orbit
HIgh PErformance Radio Local Area Network
Home Location Register
High Power Amplifier
Half Power Beamwidth
Hand Held Personal Telephone
Hyper Text Markup Language
Hyper Text Transfer Protocol

InterArrival Time
Intemational Astronomical Unit
Independent Broadcasting Authority
Input Back-off
Intemational Business Service
Intemet Control Message Protocol
Interface Control Information
Intermediate Circular Orbit
Intemet Group Management Protocol
Intermediate rate Digital Carrier
Intermediate Data Rate
Interface Data Unit, also: InDoor Unit
Institute of Eleckical and Electronic Engineers
Intemet Engineering Task Force
Interim ETS
Intermediate Frequency
Intemational Frequency Registration Board
Intemet Group Management Protocol
International Launch Sewices
InterModulation
Interface Message Processor
InterModulation Product
Intemational Mobile Subscriber Identitv
Input Multiplexer
Intelligent Network
Intemational NonJonizing Radlation Committee
International Maritime Satellite Organization
Intemational Telecommunications Satellite Consortium
Indian Ocean Region
In Orbit Test
Internet Protocol (a network layer datagam protocol)
Intermediate Power Amplifi er
Initial Pointing Error
IP security policy
Intemet Relay Chat Program Server (a teleconferencing application)
Intemet Resources Database
Integrated Receiver Decoder
Integrated Services Digital Network

HDB3
HDLC
HDTV
FIEMT
HEO
HIO
HIPERLAN
HLR
HPA
HPB
HPT
HTML
HTTP

IAT
IAU
IBA
IBO
IBS
ICMP
ICI
ICO
IGMP
IDC
IDR
IDU
IEEE
IETF
I-ETS
IF
IFRB
IGMP
ILS
IM
IMP
IMP
IMSI
IMUX
IN
INIRIC
INMARSAT
INTELSAT
IOR
IOT
IP
IPA
IPE
IPsec
IRCD
IRD
IRD
ISDN
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ISC International Switching Center
NL InterSatellite Link
IOS Intemational Organisation for Standardisation
ISS Inter-Satellite Service
NU Iridium Subscriber Unit
ITU International Telecommunication Unton
ruS Inertial Upper Stage
IVOD Interactive Video On Demand
Iml Inter netWorkins Unit

JDBC Java DataBase Connectivity
JPEG JointPhotographic ExpertGroup

LA LocationArea
LAN Local Area Network
LAPB Link Access Protocol Balanced
LDP Label Distribution Protocol
LEO Low Earth Orbit
LFSR Linear Feedback Shift Register
LHCP Left Hand Circular Polarization
LLC Logical Link Control
LLM L band Land Mobile
LMDS Local Multipoint Distribution System
LMSS Land Mobile Satellite Service
LNA Low Noise Ampliher
LNB Low Noise Block
LO Local Oscillator
LOS Line-of-Sight
LPC Linear Predictive Coding
LPF Low Pass Filter
LR Location Register
LRE Low Rate Encoding
LSP Label Switched Path
LSR Label Switching Router
LU Location Updating

M-PSK M-ary Phase Shift Keying
MAC Medium Access Control
MAC Multiplexed Analog Components (also Monitoring, Alarm and Control)
MACSAT Multiple Access Satellite
MAMA Multiple ALOHA Multiple Access
MAN Metropolitan Area Network
MCPC Multiple Channels Per Carrier
MEB Megabit Erlang Bit rate
MEO Medium altitude Earth Orbit
MES Mobile Earth Station
MESFET Metal Semiconductor Field Effect Transistor
MF MultiFrequency
MHT Mean Holding Time
MIC Microwave Integrated Circuit
MIDI Musical Instrument Digital Interface
MIFR Master Intemational Frequeny Register
MMDS Multipoint Multichannel Distribution System
MMIC Monolithic Microwave Integrated Circuit
MOD MODulator
MODEM Modulator/Demodulator
MOS Mean Opinion Score
MOS Metal-Oxide Semiconductor
MoU Memorandum of Understanding
MPEG Motion Picture Expert Group
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MPLS
MPSK
MS
MSC
MSK
MSS
MTBF
MTP
MTU
MUX
MX

NACK
NASA
NASDA
NAT
NGSO
NH
NIS
NMT
NNTP
NOAA
NORM
NSO
NRZ
NTP
NVOD

OACSU
OBC
oBo
OBP
ODU
OICETS
OMUX
ONP
OSI
OSPF

PABX
PACS
PAD
PAM
PB
PBX
PC
PCCH
PCH
PCM
PCN
PCS
PDCH
PDF
PDH
PDU
PFD
PHEMT
PHB
PHP
PHS
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Multi-Protocol Label Switchine
M-ary Phase Shift Keying
Mobile Station
Mobile Switching Center
Minimum Shift Keying
Mobile Satellite Service
Mean Time Between Failure
Message Transfer Part
Maximum Transferable Unit
MUltipleXer
MiXer

No ACKnowledgement
National Aeronautics And Space Administration (USA)
National Aeronautics And Space Development Agency (Japan)
Network Address Translation
Non Geostationary Satellite Orbit
Northem Hemisphere
Network Information System
Nordic Mobile Telephone
Network News Transfer Protocol
National Oceanic and Atmospheric Administration
Nack-Oriented Reliable Multicast
National Standardization Oreanisation
Non Retum to Zero
Network Time Protocol
Near Video On Demand

Off-Air Call Set-Up
On-Board Computer
Output Back-Off
On-Board Processing
Outdoor Unit
Optical Inter-orbit Communications Engineering Test Satellite
Output MUltipleXer
Open Network Provision
Open System Interconnection
Open Shortest Path First

Private Automatic Branch eXchange
Personal Access Communications System
Packet Assembler/Disassembler
Payload Assist Module
Primary Body (orbits)
Private (automatic) Branch eXchange
Personal Computer
Physical Control CHannel
Paging CHannel
Pulse Code Modulation
Personal Communications Network (often refers to DCS 1800)
Personal Communications System
Physical Data CHannel
Probability Density Function
Plesiochronous Digital Hierarchy
Protocol Data Unit
Power Flux Density
Pseudomorphic High Electron Mobility Transistor
Per Hop Behaviour
Personal Handy Phone
Personal Handyphone System



QoS
QPSK
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PICH
PILC
PIMP
PKM
PLL
PLMN
PM
PMR
PN
PODA
POL
POR
PP
PPP
PRMA
PSD
PSK
PSPDN
PSTN
PTA
PTN
PTO
PVA
PVC

RAAN
RACE
RACH
RADIUS
RAM
RAN
RARC
RAS
RCVO
RCVR
RDS
RDSS
RE
Rec
Rep
RES
RF
RFHMA
RFI
RGS
RHCP
RIP
RL
RLAN
RLL
RLOGIN
RMA
RMTP
RNCC
RNR
RORA
RR

Pilot Channel
Performance tmplication of Link Characteristics
Passive InterModulation Product
Perigee Kick Motor
Phase Locked Loop
Public Land Mobile Network
Phase Modulation
Private Mobile Radio
Personal Number
Priority Oriented Demand Assignment
POl-arization
Pacific Ocean Region
Portable Part
Point to Point Protocol
Packet Reservation Multiple Access
Power Spectral Density
Phase Shift Keying
Public Switched Public Data Network
Public Switched Telephone Network
Programme Tracking Antenna
Public Telecommunications Network
Public Telecommunications Operator
Perigee Velociry Augmentation
Permanent Virtual Circuit

Quality of Service
Quatemary Phase Shift Keying

Right Ascension of the Ascending Node
Research and development in Advanced Communications
Random Access Channel
Remote Authentication Dial In User Service
Random Access Memory
Radio Area Network
Regional Administrative Radio Conference
RadioAstronomy Service
Receive Only
ReCeiVeR
Radio Data System
RadioDetermination Satellite Service
Radio Exchange
Recommendation
Report
Radio Equipment Systems, ETSI Technical Committee
Radio Frequency
Random Frequency Hopping Multiple Access
Radio Frequency Interference
Route Guidance Service
Right Hand Circular Polarization
Routing Information Protocol
Retum Loss
Radio Local Area Network
Radio in the Local Loop
Remote login application
Random Multiple Access
Realiable Multicast Transport Protocol
Regional Network Control Center
Receiver Not Ready
Region Oriented Resource Allocation
Radio Regulation
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RS
RSVP
RTCP
RTP
RTU
Rx

S-ALOHA
SAMA
SAP
SAW
S-ISUP
S-PCN
SB
SBC
SC
s/c
SCADA
SCCP
SCH
SCP
SCPC
SDH
SDLC
SDU
SEP
SEU
SFH
SH
SHF
SIM
SIT
SKW
SL
SLA
SLIC
SMATV
SME
SMS
SMTP
SNA
SNDCP
SNEK
SNG
SNMP
SNR
soc
SOHO
SORA
SORF
SOTF
SPADE
S/PDIF
SPDT
SPMT
SPT
SPU
SR
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SS
SSB

Reed Solomon (coding)
Resource reSerVation Protocol
Real Time transport Control Protocol
Real Time transport Protocol
Remote Terminal Unit
Receiver

Slotted ALOHA protocol
Spread ALOHA Multiple Access
Service Access Point
Surface Acoustic Wave
Satellite ISDN User part
Satellite Personal Communications Network
Secondary Body (orbits)
Sub-band Coding
Suppressed Carrier
SpaceCraft
Supervisory Control and Data Acquisition
Signalling Connection Control Part
Synchronization Channel
Service Control Point
Single Channel Per Carrier
Synchronous Digital Hierarchy
S1'nchronous Data Link Control
Service Data Unit
Symbol Error Probability
Single Event Upset
Slow Frequency Hopping
Southem Hemisphere
Super High Frequency (3GHz to 30 GHz)
Subscriber Identity Modute
Satellite Interactive Terminal
Satellite-Keeping Window
Satellite
Service Level Agreement
Subscriber Line Interface Card
Satellite based Master Antenna for TV distribution
Small and Medium Enterprise
Satellite Multi-Services
Simple Mail Transfer Protocol
Systems Network Architecture (IBM)
SubNet Dependent Convergence Protocol
Satellite NEtworK node computer
Satellite News Gathering
Simple Network Management Protocol
Signal-to-Noise Ratio
State Of Charge
Small Office Home Offrce
Satellite Oriented Resource Allocation
Start of Receive Frame
Start of Transmit Frame
Single-channel-per-carrier PCM multiple Access Demand assignment Equipment
Sony/Philips Digital Interface Format
Single-Pole Double-Throw (switch)
Single-Pole Multiple-Throw (swirch)
Stationary Plasma Thruster
Satellite Position Uncertainty
Selective Repeat
Satellite Switch
Single Side-Band
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SSMA
SSO
ssoG
SSP
SSPA
SS-TDMA
STC
STM
STS
SU
SVC
SW
SW
SWR
SYNC

TA
TACS
TBC
TBD
TBR
T/R
TC
TCH
TCP
TDM
TDMA
TDRS
TELNET
TEM
TETRA
TFTS
TIA
TIE
TM
TT4/TC
TP4
TPR
TRAC
TTC
TTCM
TTL
TTL
TTY
TV
TWT
TWTA
Tx

U/C
UDLR
UDP
UHF
UMTS
UPS
UPT
USAT
USB
UW

Spread Spectrum Multiple Access
Sun Synchronous Orbit
Satellite Systems Operations Guide (INTELSAT)
Signalling Switching Point
Solid State Power Amplifier
Satellite Switched TDMA
ETSI Sub-Technical Committee
Synchronous Transport Module
Space Transportation System
Subscriber Unit
Switched Virtual Circuit
Switch
Stop and Wait
Standing Wave Ratio
SYNChronisation

ETSI Technical Assembly
Total Access Communication System
To Be Confirmed
To Be Defined
Technical Basis Regulation
Transmit/Receive
Telecommand
Traffic CHannel
Transmission Control Protocol
Time Division Multiplex
Time Division Multiple Access
Tracking and Data Relay Satellite
remote terminal apPlication
Transverse ElecfroMagnetic
Trans European Trunk Radio
Tenestrial Flight Telephone System
Telecommunications Industry Association
Terrestrial Interface EquiPment
Telemetry
Telemetry/Telecommand
Transport Protocol Class 4
Transponder
Technical Recommendations Application Committee
Telemetry, Tracking and Command
Telemetry, Tracking, Command and Monitoring
Transistor Transistor Logic
Time To Live
TelegraphY
TeleVision
Travelling WaveTube
Travelling WaveTube Amplifi er
Transmttter

Up-Converter
UniDirectional Link Routing
User Datagram Protocol
Ultra High Frequency (300 MHz to 3 GHz)
Universal Mobile Telecommunications system
Unintemrptible Power suPPlY
Universal Personal Telecommunications
Ultra Small Aperture Terminal
Universal Serial Bus
Unique Word
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VBR
VC
VCI
VDSL
VHDL
VHSIC
VHF
VLR
VLSI
vow
VPA
VPC
VPD
VPS
VPI
VPN
VSAT
VSELP
VSWR

WAN
WAP
WARC
www

XPD
XPI
Xponder
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Variable Bit Rate
Virtual Channel (or Container)
Virtual Channel Identifier
Very high-speed Digital Subscriber Line
VHSIC Hardware Description Language
Very High Speed Integrated Circuit
Very High Frequency (30 MHz to 300 MHz)
Visitor Location Register
Very Large Scale Integration
Voice Order Wire
Variable Power Attenuator
Virtual Path Connection
Variable Phase Divider
Variable Phase Shifter
Variable Path Identifier
Virtual Private Network
Very Small Aperhre Terminal
Vector Sum Excitation Linear Prediction
Voltage Standing Wave Ratio

Wide Area Network
Wireless Application Protocol
World Administrative Radio Conference
World Wide Web

Cross Polarization Discrimination
Cross Polarization Isolation
Transoonder





Pte
a Orbit semi-major axis
A Azimuth angle (also attenuation, area, availability, traffic density and carrier

amplitude)
Ad Effective aperture area ofan antenna

Ano Attenuation by atmospheric gases

A*,* Attenuation due to precipitation and clouds

Ap Attenuation of radiowave by rain for percentage p of an average year

B Bandwidth
b Voice channel bandwidth (3l00Hz from 300 to 3400H2)
Bn Noise measurement bandwidth at baseband (receiver output)

BN Equivalent noise bandwidth of receiver

Bu Burstiness
c Velocity of light:3*108 m/s
C Carrier power
C I No Carrier power-to-noise power spectral density ratio (WHz)

(C I N )u Uplink carrier power-to-noise power spectral density ratio

(C I N) D Downlink carrier power-to-noise power spectral density ratio

(C I N) rM Carrier power-to-intermodulation noise power spectral density ratio

(C I N) r Carrier power-to-interference noise power spectral density ratio

(C I N ) r.u Uplink carrier power-to-interference noise power spectral density ratio

(ClN)r,D Downlink carrier power-to-interference noise power spectral density ratio

(C I N)r Carrier power-to-noise power spectral density ratio for total link

D Diameter of a reflector antenna (also used as a subscript for 'downlink')

e Orbit eccentricity
E Elevation angle (also energy and electric field strength)
Eh Energy per information bit

E" Energy per channel bit

f Frequency (Hz)

F, Nominal carrier frequency

.fo Antenna focal length

-f ̂  Frequency of a modulating sine wave

.f^u* Maximum frequency of the modulating baseband signal spectrum

.fo Downlink frequency

-fu UPlink frequency

F Noise figure
A4nu* Peak frequency deviation of a frequency modulated carrier
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GT

G^-u*

Gr**
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Grn

Gou

G""
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L

L"

Lru

LF"rx

L,,

Lro^,

Lro,

LR

Lr

m
mc

M
N.

(No),

(No)"

(No)r

Sampling frequency

Peak factor
Power gain (also gravitational constant)
Gain at saturation

Receiving antenna gain in direction of transmitter

Transmitting antenna gain in direction of receiver

Maximum receiving antenna gain

Maximum transmitting antenna gain

Satellite repeater gain

Saturation gain of satellite repeater

Gain to system noise temperature ratio of a receiving equipment
Channel amplifier

Front end gain from satellite receiver input to satellite channel amplifier input

Small signal power gain

Inclination of the orbital plane
Boltzmann's constant :I.37 9* l0-"' WKHz
FM modulation frequency deviation constant (MHzA/)

PM phase deviation constant (radlV)

AM/PM conversion coefficient

AM/PM transfer coeffi cient

Earth station latitude
Earth station-to-satellite relative longitude;
Also loss in link budget calculations, and loading factor of FDM/FM multiplex;
also message length (bits)
Effective path length of radiowave through rain (km)

Receiver feeder loss

Transmitter feeder loss

Free space loss

Depointing loss

Antenna polarization mismatch loss

Receiving antenna depointing loss

Transmitting antenna depointing loss

Satellite mass
Power reduction associated with multicarrier operation
Mass of the earth (kg) (also number of possible states of a digital signal)
Noise power spectral density (WHz)

Uplink noise power spectral density (WlHz)

Downlink noise power spectral density (WHz)

Total link noise power specffal density (WHz)
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(No) '

N
p

P,

P
Pb

P"

Purn

PT

P,,

P^

PR"

P,,

Prr

(4,)-,
(P^) -,
P,n

Po,

P,*,,

a
r
R
Rb

R"

R"ott

RE

Ro

Rp

R"

s
s/N
T
TA

Tn*

Tb

TB

T"

Interference noise power spectral density (WHz)

Noise power (W) (also number of stations in a network)
Pre-emphasis/companding improvement factor (also rainfall annual percentage)
Rainfall worst month time percentage

Power (also number of bursts in a TDMA frame)
Information bit error rate

Channel bit error rate

Rated power of high power amplifier (W)

Power fed to the antenna (W)

Transmitter power (W)

Received power (W)

Power at receiver input (W)

Input power in a single calrier operation mode

Output power in a single calrier operation mode

Input power in a single carrier operation mode at saturation

Saturation output power in a single carrier operation mode

Input power in a multiple carrier operation mode (n carriers)

Output power in a multiple carrier operation mode (n carrierc)

Power of intermodulation product of order X at output of a non linear device in a
multicarrier operation mode (n calriers)

Quality factor
Distance between center of mass (orbits)
Slant range from earth_station to satellite (km) (also symbol or bit rate)
Information bit rate (s-')

Channel bit rate (s-r)

Mean number of calls per unit time

Earth radius:6378km

Geostationary satellite altitude:35786km

Rainfall rate (mm/h) exceeded for time percentage p of a year

Symbol (or signalling) rate (s-')

User signal power (W)
Signal-to-noise power ratio at user's end
Period of revolution (orbits) (s) (also noise temperature (K))
Antenna noise temperature (K)

Ambient temperature (K)

Information bit duration (s)

Burst duration (s)

Channel bit duration (s)
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Effective input noise temperature of a four port element system (K)

Mean sidereal da5861 64. 15

Effective input noise temperature of an attenuator (K)

Effective input noise temperature of a receiver

Frame duration (s) (also feeder temperahre)
Effective medium temperature (K)

Reference temperature (290K)

Effective input noise temperature of a receiver (K)

Symbol duration (s)

Clear sky contribution to antenna noise temperature (K)

Ground contribution to antenna noise temperature (K)

Subscript for'uplink'
True anomaly (orbits)
Satellite velocity (m/s)

Peak to peak luminance voltage (V)

Peak to peak total video signal voltage (including synchronisation pulses)

Root-mean-square noise voltage (V)

Psophometric weighting factor
Intermodulation product order (IMX)
Angle from boresight of antenna
Vemal point
Spectral efficiency (biVs Hz)
Declination angle (also delay)
Antenna aperture effi ciency
Wavelength (: clD also longitude, also message generation rate (s -r)

Latitude
Propagation time
Half power beamwidth of an antenna wavelength : c/f
Receiving antenna pointing error
Transmit antenna pointing error
:GM (G: gravitational constant, M: mass of earth;

G: 6.67x10-rr m3kg-rs-2, M: 5.974x102a kg;
p : GM: 3.986x10r0 mt.-')

Code rate
Stefan-Boltzmann constant : 5.67x I O-tWm-'K*
Satellite-earth station angle from the earth's centre
Power flux density (wlm2)
Maximum power flux density at transmit antenna boresight
Nominal power flux density at receive end required to build up a given
assuming maximum receive gain (no depointing)

0 . A

power
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fJYe

@,o, Power flux density requfued to operate receive amplifier at saturation

V Polarization angle
a Argument of perigee
O Right ascension of the ascending node
Cl, Angular velocity of rotation of the earth : 15.04169 degftr

: 4.178x10-3 dec/s :7.292x10's radls
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Acceptance phase

Access

Acquisition

Active antenna

Active attitude control

Active switching

Active thermal control

Actuator

Adaptive differential pulse code modulation (ADPCM)

Adaptivity, attenuation

Adjacent channels

Advanced orbiting system (AOS)

Aerodynamic drag

Alarm equipment

Algorithms

ALOHA protocol

Alternate channels

Altitude

Amplification

amplitude modulation

amplitude modulation (AM/ AM) coefficient

analogue

Analogue telephony

analogue transmission

angular

angular momenfum

Announced retransmission

Annual velocity impulse

Anomaly

Antenna

Apogee

Apparent earth sun motion

Apparent satellite movement
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Arcjet propulsion

Argument of the perigee

Ariane

Array antenna

Ascending node

Asymptotic coding

Asynchronous protocol

Asynchronous transfgr mode

Atlas

Atmosphere

Attenuation

Attitude

Automatic mounting (antenna)

Automatic repeat request (ARQ)

Auxiliary payload

Availability

Axial ratio

Azimuth angle

Azimuth-elevation

Back-off

Back-up satellite

Band-pass filter

Bandwidths

Bare chip

Baseband

Battery

Beam

Beginning-of-life

Bi-elliptical installation

Bimode cavity filter

Binary phase shift keying (BPSK)

Bipolar technology

Bit error probability (BEP)

Bit error rate(BER)

Black paint (thermal control)

Block coded modulation
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Block encoding

Block interleaving

Blow down ratio

Boeing launch vehicle

Brightness temperature

Broadcasting satellite service (BSS)

Burst

Bus voltage

Call blocking probability

Capture effect

Carrier post-coupling

Carrier power

Carrier power to noise power spectral density ratio

Carrier pre-coupling

Carrier spectra

Cagier to intermodulation noise spectral density power
ratro

Carrier-by-carrier conversion

Cascaded directional couplers

Cascaded elements

Cassegrain antenna

Cavity filter

Cell (solar)

Cenhal terminal unit (CTU)

Centre of the earth

Channel amplifier (CAMP)

Channel decoding

Channel encoding

Channel interference

Channel redundancy

Channelisation

Charging (battery)

Chemical propulsion

China, launch vehicle
'Chirp' Fourier Transform
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Chrominance

Circuit multiplication gain

Circular beam

Circular orbit

Circularisation procedure

Civil time

Cladding (thermo-optic properties)

Climatic zones

Closed loop

Cluster

CMOS components

Co-ordinates

Coasting phases

Code division multiple access (CDMA)

Code generation

Coded modulation

Coherent demodulation

Coherent receiver

Cold gas propulsion

Collision diagram

Collision resolution algorithm (CRA)

Comite' Consultatif International des
Radiocommunications (CCIR)

Comite' Consultatif International telegraphique
et Telephonique (CCITT)

Command, telemetry and tracking link

Common logic equipment (CLE)

C-qr.nr,nonwealth of Independent States (CIS)
venrcle

Communication payload

Communications

Companding

Components

Composite receiving gain

Composite video signal

Compressed digital television signal
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Compression

Compression point

Computed tracking

Concatenated encoding

Conditioning circuits

Conduction

Configuration

Conformity

Conical scanning

Conjunction

Constant angular Acceleration

Constant angular velocity

Constraint length (encoding)

Consultative Committee for Space Data Systems (CCSDS)

Continuous multiple beams

Continuous visibility

Control equipment

Control segment

Convection

Conventional launcher

Conversion efficiency (solar cells)

Conversion factor

Convolutional encoding

Convolutional interleaving

Correction cycle

Cosmic radiation

Cosmos launch vehicle

Cost

Coupler

Coverage

Cross-bars

Cross-polarisation

Crosstalk

Cumulative radiation dose

Current-voltage characteristic
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Data

Date (conjunction)

De-emphasis (Baseband)

Declination angle

Decoding coded modulation

Decoding command signal

Decoding gain

Degradation

Degree of freedom (DOF)

Delay

Delta launch vehicle

Delta modulation (DM)

Demand assignment multiple Access (DAMA)

Demodulation

Depointing

Depth-of-discharge (DOD)

Depolarisation Mitigation

Descrambling

Design quality

Despun antenna

Deterministic components (deporting)

Development of satellite communications

Dichroic reflector antenna

Dielectric materials

Differential demodulation

piftggntial encoded binary phase shift keying (DE-
BPSK)

encoded quadrature phase shift keying (DE-

Differential encoding

Digital

Digital circuit multiplication equipment (DCME)

Digital communications

Digital speech interpolation (DSI)

Digital telephony
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Digital television

Digital video broadcasting (DVB)

Direct injection

Dimensioning

Direct detection receiver

Direct encoding

Direct sequence code division multiple access

(DS- CDMA)

Discharging battery

Distance

Distribution circuits

Diversity gain

Diversity improvement factor

Divider-combiner

Double frequency conversion

Downlink

Drag

Drift

Driver amplifier

Dual frequency conversion

Dual-grid antenna

Duration (eclipse)

Dynamic redundancy

Earth

Earth station

Eccentricity

Echo

Eclipse

Ecliptic co-ordinates

Edge ofcoverage

Effective input noise temperature

Effective isotropic radiated power (EIRP)

Efficiency

Elechic power conditioner (EPC)

Electric power supply

Electric propulsion
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Electric thruster

Electrochemical batteries

Electromagnetic waves

Elechonic despun antenna

Electronic tracking

Electrons

Element reliability

Elevation angle

Elliptical beam

Elliptical orbit

Encoding telemetry and command signals

Encryption

End-to-end error control

End-user satellite applications

Energy

Environment characteristics (payload)

Equaliser

Equation of motion

Equatorial co-ordinates

Equatorial mounting

Equatorial orbit

Equipment redundancy

Erosion (meteorites)

Error control

Error correcting coding

ESA standards

Eurockot Launch Services

Europe, launch vehicle

European Conference on Post and Telecommunications
(CEPT)

European coverage

Eurostar

EUTELSAT

Exemption quality test

Failure

Failure probability density
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Failure quality test

Failure rate

Fairing

Faraday rotation

Fast Fourier Transform(FFT)

Feed array antenna

Feeder link

Feeder losses

Field emission

Figure of merit

Filter

Fixed antenna

Fixed assignment

Fixed interconnections

Fixed mounting

Fixed satellite service (FSS)

Flux

Forward error correction (FEC)

Four-state phase modulation

Four-state trellis coded modulation

Frame

Free distance

Free space loss

Frequency

Frequency band

Frequency division multiple access (FDMA)

Frequency division multiplexing (FDM)
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Frequency modulation (FM)

Frequency shift keying (FSK)

Fuel corhbinations

Full band conversion

Function

Gain

Galliurtl arsenide
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Gaussian filtered minimum shift keying (GMSK)

Geocentric co-ordinates

Geocentric latitude

Geographic

Geometric

Geostationary orbit (GEO)

Geostationary satellite

Geostationary transfer orbit (GTO)

Geosynchronous orbit (GSO)

Global antenna coverage

Global multibeam satellite network

Gravitational field

Gravitational potential

Girded reflector antenna

Ground segment

Group delay specification

Guard time

Gyroscope

H range launch vehicles

Handling conditions

Headers (multiple access)

Heat pipes

High energy particle flux

High inclination elliptic orbits

High power amplifiers(HPA)

Hohmann transfer

Hop delay

Horizontal co-ordinates

Horn antenna

Hour angle

Hour co-ordinates

Hybrid bi-propellant

Hydrazine propulsion

illumination effi ciency

Impact probability

Impulse
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Inclination

Inclined circular orbit

Inclined elliptic orbit

Inclined plane strategy

India, launch vehicle

Individual link performance

Inedia wheels

Inertial units
Information bit rate
Injection

In-orbit testirrg (IOT)

lnput amplifier

Input back-off (IBO)

Input data link interface (DLI)
Input multiplexer (IMUX)

Installation procedures

Instantaneous coverage

Instantaneous failure rate

Integration density

Intelligible crosstalk

INTELSAT

Intercept point

Interconnections

Interfaces

Interference

Interleaving

Intermediate frequency Subsystem

Intermodulation

International Telecommunication Union (ITU)

Intersatellite link (ISL)

Intersymbol interference (ISI)

Ionic propulsion

Ionosphere

ITALSAT satellite

Japan, launch vehicle

Keplerian orbits

Keplerian potential
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Kepler's laws

Klystron tube amplifier

Laser

Latch-up

Latitude, satellite geometry

Latitudinal displacement

Lattice coverage

Launch

Launch vehicle

Laws

Lead-ahead angle

Legal time

Lens antennas

Lifetime of satellite

Li-Ion cells

Linear predictive coding (LPC)

Linear repeater channel

Linearisers, receiver

Link

Link performance

Liquid propellant

Location (earth satellite geometry)

Lockheed-Martin Launch Vehicle

Long March launch vehicles

Long-term coverage

Long-term progression

Longitude

Longitudinal acceleration

Longitudinal shift

LOOPUS orbits

Low earth orbit (LEO)

Low noise amplification

Low-pass filter (LPF)

Lunar-solar attraction

Magnetic coil actuators

Magnetic fields

Main lobe
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Major tone frequency

Manufacture (component reliability)

Materials

Maximum longitudinal shift

Mean anomaly

Mean movement

Mean power

Mean satellite lifetime

Mean temperature

Mean time to failure (MTTF)

Mean transmission time

Mechanical despun

Mechanical effects (space environment)

Mechanical space environment

Medium earth orbit (MEO)

Message format standards

Metallic waveguide

Meteorites

Microwave technology

Minimum shift keying

Minor tone frequency

Mission profile orbits

Mitigation (atmospheric)

Mixed coupling

Mobile communications

Mobile mount

Mobile satellite service (MSS)

Mock-up development

Mode extraction monopulse tracking

Model

Modular architecture

Modulation

MOLNYA orbits

Momentum wheel

Monitoring equipment

monolithic microwave integrated circuits (MMIC)

Monopropellant hydrazine
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Monopulse tracking

moon sun eclipse

mounting (antenna)

Multi failure mode equipment

Mq[i-tCqupngy time division Multiple access
(MF- TDMA)'

Multibeam satellite network

Multicarrier demodulator (MCD)

Multicarrier operations

Multiclique operation mode

Multidestination operation modes

Multidimensional sienal set hellis coded modulation(multi-D TCM)

Multifeed antenna

Multihorn monopulse'

IVlultijunction (MJ) cascade cells

Multi-layer isolation (MLI)

Multilevel trellis coded modulation (MLTCM)

Multimedia services

Multimedia signal

Multipath protection

Multiple access

Multiple beams

Multiple burn strategy

Multiple connections per carrier (MCPC)

Multiple source monopulse tracking

Multiplexed analogue components (MAC)

Multiplexer

Multiplication equipment

Multisource antenna

MUSE system

N range launch vehicles

Nadir angle

NASA

NASDA

Natural drift
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Network

Newton's law

Nickel-cadmium cells

Nickel-hydro gen batteries

Nodal angular elongation

Noise

Noise temperature

Non-impulsive velocity

Non-linearity

Non-zero eccentricity

Non-zero inclination

North-south station keeping

NTSC colour television

Official time

Offset mounting

Offset quadrature phase shift keying (OQPSK)

On-demand assignment

One carrier per station-to-station link

One carrier per transmitting station

Open loop synchronisation

Operation modes (digital multiplication)

Operational period (eclipse)

Optical links

Optical switching

Optimisation (elliptical beams)

Orbit

Orbital parameters

Orientation

Osculatory parameters

Output back-off (OBO)

Output data link interface

Output high power amplifier

Output multiplexers (OMUX)

Overall link performance

Oxidisation combinations (propellants)
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Packaging conditions

Packet assignment

Packet standards

Paint (thermal control)

PAL colour television

Parabolic antenna

Parallel (elements) reliability

Particles

Passive attitude control

Passive spheres

Passive thermal control

Payload

Peak power

Performance

Perigee

Period (Keplerian orbits)

Personal communications

Perturbation

Phase models (amplifiers)

Phase modulation

Phase shift keying (PSK)

Phased array antenna

Pitch

Plane of the ecliptic

Plasma propulsion

Platform subsystems

Plesiochronous digital hierarchies (PDH)

Pointing

Poisson distribution

Polar mounting

Polarisation

Polished metals (thermal control)

Polynomial modelling

Positioning phases

Post-coupling

Power
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Power flux

Power supply

Power hansfer

Pre-coupling

Pre-emphasis

Pre-project studies

Precipitation

Pressure variation ratio

Primary energy sources

Prior ionisation

Probability of failure

Probability of survival

Processing time

Programmed mounting

Programmed tracking

Progression

Propagation

Propellant

Propulsion

Protection circuits

Protocol-induced delays

Proton launch vehicle

Protons

Psophometric filters

Pulse code modulation (PCM)

Pulsed plasma thrusters

Quadrature phase shift keying (QPSK)

Qualifrcation phase

Quality assurance

Quality factor

Quality of service (QoS)

Quasi-circular low altitude orbit

Radial velocity

Radiating surfaces

Radiation

Radio regulations

Radio wave collection
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Radio-frequency

Rain

Range measurement

Ray leigh distribution

Reaction wheel actuators

Receiver

Receiver input

Reception

Reconditioning batteries

Reduced antenna coverage

Redundancy

Reference mask

Reference station

Reflector antenna

Reflector contour shaping

Reflector surface shaping

Regenerative payload

Regenerative repeater

Regenerative satellite

Regulated bus

Relative movement (point bodies)

Relay applications

Reliability

Remote terminal unit

Repeater (transponder)

Resistance heater

Resistojet propulsion

Return connections

Return to centre strategy

Rice distribution

Right ascension of the ascending node (RAAN)

Rockot launch vehicle

Roll

Rotation (earth)

Routing

Sandstorms

Satellite control

0YA

*ir-)l-r _*K.p

.l l_, tt

nJ-."\s ,grS r;ll'l

- r , r r r  r  i  i
e  - ,  

l : - J

;Slq )-.- ,<t-a KL;-"
9 J

,J;;

oxf tg:319

c.iL;r

.r^.Ja;;u dl+-/t:

Jjil d,eu_.#s _iiy
z ,. >., c'.il

Q J J

^- .0 . ( -L
(_.  r

> t oK"-l
L_' r

.r-t(^;l ;;;i
.J;Sd-<* ;l; ,,^)JSJ

.JScJ-<i".,-,^t-,J^)J<j

or;;Lyta 4J*

.J;;L;L.J::SJIF

o$jLj[ oJlJaU

o-t^: ,'Jil ,-[\ '

cf,- 6)-

.glal; .gt-a:r.,-1l5

dt+.!lc+ti
S y-:" A;L"li J-lJ

(J$Jt*;lj) .r:sJlF

unslb t*

;o qW .>> 4l* e . il -:-
9  J  '  -  J , 9

:--( - .:,\L,.;l
r f -  J  - '

f rycS;L:r*al . ,
+ l r  a i i

6)F,f 6:f*6
tf : : .&E-t

Jss

Qa) 
"a7

,?rr_
,Y 64c*
.;l3ot" Jr'l5



0Yq

Satellite earth geometry

Satellite motions

Satellite switched frequency division multiple access
(sS-FDMA)

Satellite switching time division multiple access

(ss-rDMA)

Saturation

Scanning sensor

Scintillation

Scrambling

Sea Launch vehicle

SECAM colour television

Secondary energy sources

Selective reject ALOHA Protocol

Semi-major axis

Semiconductor

Sensor

Separate multiple beams

Separation of propellant

SEPT see Eurooean Conference on Post and
Telecommunicirtions

Sequential amplitude Detection

Series (elements) reliability

Series regulator

Service stations

Service zones

Shaped radio-frequency Coverage

Shift keying

Shunt regulator

Shutter

Sidelobe radiation

Sidereal day

Sidereal time (ST)

Signal
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Signal -to-noise ratio (SAt)

Silicon

Silver-hydrogen battery

Silver-zinc battery

Simplex connection

Single beam satellite network

Single carrier operations

Single channel per carrier (SCPC)

Single frequency conversion

Single point failure

Single stage baseband processor

Site diversity

Slot antenna

Slotted ALOHA protocol

Smoothed step-hack antenna

Solar

Solar radiation

Solid apogee kick motor

Solid propellant

Solid state

Sound signal

Soyouz

Space Communications Protocol Specification (SCPS)

Space bus

Space environment

Space Operation Service (SOS)

Space radiocommunications services

Space segment

Specific attenuation

Specific impulse

Specific performance

Spectra

Spectral density

Spectral efficiency

Spectral frequency modulation

Spectral occupation
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Speech

Spelda

Spill-over efficiency

Spin stabilisation

Spot coverage

Spread spectrum transmission

Stabilisation functions

Staggered quadrature phase shift keying (SQPSK)

Stand-by power

Standing wave ratio (SWR)

Star sensor

Starstem launch vehicle

Start of receive frame (SORF)

Start of transmit frame (SOTF)

Static redundancy

Station acquisition

Station keeping

Stationary plasma thrusters (SPT)

Steering functions

Stefan-Boltzmann law

STENTOR

Step-by-step tracking antenna

Storage conditions

Structure

Sub-synchronous orbit

Subsystem

Sun

Supersynchronous transfer orbit ascent profile

Supply quality

Suppression of echo

Surface acoustic wave filter (SAW)

Surface efficiency

Switching

Syllabic companding

Syllabic compressor

Symbol error probability (SEP)
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Symmetrical parabolic reflector antenna

Synchronisation

Synchronous digital hierarchy (SDH)

T-carrier hierarchy

Tapered slot antenna

Taurus launch vehicle

Telecommand data structure

Telemetry link (TM)

Telemetry hacking and command (TTC)

Telephony

Television

Temperature

Terminal units

Terreshial (station)

Test

Thermal

Thin film cells

Third order intercept point

Third order modulation

Three-axis stabilisation

Threshold (demodulation)

Throughput

Thrust

Thruster

Time division multiple access (TDMA)

Time division multiplexing (TDM)

Time division/phase shift keying

Time references

Time slot interchange (TSI)

Time space time (TST) baseband processor

Time-of-arrival

Time (conjunction)

Times (sun earth eclipses)

Tone frequencies

Topocentric co-ordinates
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Toroidal radiation pattem

Torque

Total back-o'ff

Total pointing error

Tracking

Traffic

Trajectories

Transfer characterisation

Transfer coefficient

Transfer frame

Transfer mode

Transfer orbit

Transfer phase

Transistor amplifier

Transmission

Transmit coverage

Transmitted power

Transparent payload

Transparent repeater

Transparent satellite

Transponder

Transpod conditions

Transverse electric mode (TE)

Trapped particle flux profile

Travelling wave tube amplifier (TWTA)

Trellis coded modulation (TCM)

Trellis distance

Tripod mounting

True anomaly

True view angles

Trunking telephony

Tube amplifier

TUNDRA orbits

Two reflector mounting

Two-state phase modulation

Unfiltered modulated digital carrier
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Unified bi-propellant propul sion

Unintemrptible power

United States, launch vehicle

Universal time

Unmodulated carrier (equal amplitude)

Unregulated buses

Unreliability

Uplink

US-MIL-STD-15538 standard prorocols

User station

User terminal

Vacuum

Van Allen belt

Vector

Vehicle equipment bay (VEB)

Velocity

Velocity increment

Very large scale integration (VLS|

Very small aperture terminal (VSAT)

Video signal

Vivaldi antenna

Virtual channelisation

Virtual container (VC)

Visibility

Vocoder

Voltage

Waveform encoding

Waveguide

Wear-out period

White noise

X-Y mounting

Yaw

Zenit launch vehicle

Zero inclination

Zone of solar interference
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