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Weber Vst Yy (st) (2,0,1,3) (Lt-s-L(-%+h5+5-5-1.1 1)

lﬂ Ff{f f) P}

7] Hona Ve et 44roperty) & MEF 5 sleh. ApHoR, 47 uael 4
Ao H-3F<=(H-function)d AAS w=v, 37]9 [F 219 Zo] Hg¥ =2 H-3h=(Fox's H-function)

() =Hgy ;P

’t]
Lo,
ot
ofrt
42
i
i
ot
ofrt
(e
al
@
=
=1
y
NS
m‘n
r[l o
=]
i
]
4
%0,
0



[0080]

[0081]
[0082]

[0083]

[0084]
[0085]

[0086]
[0087]

[0088]
[0089]

[0090]
[0091]

[0092]
[0093]

[0094]
[0095]

[0096]

ZIHS3d 10-2017-0090096

[ 2]
1dentity Function Order sequence Parameter sequence
Reciprocity (3 (n,m, q,p) (& %, 1,— 6,1, —a,B,4)
Modulation %f(at””) (myn,p,q) (ﬁ (ac)? ,a+ B4, 6+ BB, 5A, ﬁﬂ)

Differentiation ~ (—1)* %f () (m+1mp+1,g+1) (ke c,(a—£a,—£),(0,6—¢8),(4,1),(1,8))
M)y BeR. ., yEC, £€N

Tk, A H-Este] AAe (1) AY FElvgHEe A E(pairs  of  kernel  parameters)$9l

(.al-; -ﬂ]) ----- (a-rr- -qn); (an—f—] - ﬂrr+1) ----- (ap- ﬂy}; (b] s LB[) ----- (6”!1 th) ; U%l
Brtts Bot1) oo (Brs Be) oy oy (symetry) @l A1 44, () s71e] (804 19] 2 [0 2008
(s 2 ulx

Zoh= AU AAF(scaling operation) ¥ #HE A2 FA, (3) 31719 [4842] 211 B [F38H2] 22]
&= TN (conjugacy) ¥ THAE A3 AF, @ (4) 3719 [ 23] 2 o ]
(differential operation)¥ #HH A4
7] [s8k4) 25]8 WEdhe 71

f@O)=Hp? ;)

n)I #EE A6 AHS o] 239

gae zaw 4 gen, &)

= =2
A%H(elementary operation)¥} IHEH¥E A5 A, H (6)

6] 2 [ 2718 TEs= 9 d4H(inverse operatio

)
[«0

ol

N

1o,

A
Lo

1>

[\

(%344 19

—

HEE (f () ; PY(s) = HE{f (1) Plad} ()

q p.q
[=&4] 20]
. &
P |a) £ (& —.a, b, A, 3)
o
[=&4] 21]

HEe {s” £ @) ;B G)=HZ 7 17 F @) (L1, 7 [PHE)

[

844 22]

i

(a, B, 7| P2 (% (ac)? | a+ pyA, b6+ By B, fA, /)’B)
ac)”?

[4=5F4) 23]

{

. 0 Wl O r m n 2 ~f
(~1) —Hzr (F () PYs) =M [t f (038P )

Q
B
~
[l
¥
AT
~
(-3
-
1~
I
~
b
|
™
s
=
L8
I
O
R
o
-
m
L=
e
)
—
o

it
D—I;?:;;‘ lgf (ar'/ﬁ) Iy I (s)

= Wy {2 (1 (o, f, 7 | P2) P | (9)
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[0097]

[0098]
[0099]

[0100]

[0101]

[0102]

[0103]

[0104]
[0105]

[0106]

[0107]

ZIHSd 10-2017-0090096

R () m} w=aii [oge (e2s om0

BowaA Adtel A o, B ¥ AS(positive real number)d F AIL(FH, TGP € [RJrJf, yE Big
(complex mumber)? 4= eh=, 7 € C ) spoje) (a4 23] @ (484 241014, 1€ AR (natural
mmber) @ 2 ez, CEN G e (mag 10 g 5o 2, P = g ey

AR ane ged & ga, 0P = 4o semE A pol gig 4] wi ass v 5
son, P71 o) gapuig s pol ma A7 o Aare e 4 aln 9, A AR sl

A a=p=12 358 VIP ={LLYIP g g9 & gow o 471 sepe A pel dia 39 2
AH(conjugate operation)S YERH 4= T},

- HEF (@) P}(s
A7) H-wg o P {f (1) PH( )% oeFet A (proposition)E WHFT = k. A7 H-wEd] 3

f@)=Hpp' (1:P)

A=, (D u S]] [4E] 28]8 WSSk 71E olFAd(elementary

F()=HR (1P

duality)st #&s A1 A, 32 (2) - D W) a1 [F8H4] 2915 wHEEhE o o]

ZA(inverse duality)d #HE A2 AE g3 4 It

[4=5F4) 28]

o |"/7f (') g ): pl] ()

= Hoz Lo (s1) Hptt (6 (= 11P1) s (o, B, + 1|P2] (s)

[4=5F4) 29]

Mg {7 () s (57)

— b (e s 1P 6 + 1R )

_ my, My =
e, T = 8Os P 5 ) srepem Az ol a9+

Sol 3719 (344 30] WA [43H4 33 5 @) =0

3} rel Aol el (
Boot-§Bre) . & == =i s . )
i 5Bj) o 8= =0/ B g9 Fpolerel e e
of g ()] H-¥2ke] H+4 7 (asymptotic expansion)”} aF

@ 4 gtk 7] A3 BElis o4 A algebraic) A2H A7sh waw

_13_



[0108]

[0109]
[0110]

[0111]
[0112]

[0113]

[0114]

[0115]
[0116]

[0117]
[0118]

[0119]
[0120]

[0121]

[0122]

[0123]

[0124]

[0125]

[0126]

[0127]

q r
g P = er”j - Z/qi
j=1 i=1
[<+38+2] 31]
NRe ()
@ (P) = min
l<j<m Bj

1 H;Ll,_j%j* r (h, — " (P) ‘f)’_,‘) H‘r;i[ I (l —a; + o* (P) E_l‘)

a*(P) = ; ; "
B+ [T T (a) — o* (P) ;) ﬂ_f:,m I (1 - 6; + o* (P) ;)

[

84 33]

i

J* = arg min [‘J{k‘ (f’;) /'B.i]

I<j<m

[

de
r(:)=] = le=dt
0

gh2) 34]

n

(5=t 35]

B+ (b +€) # Bibj», 1<i#£j <m (€l

[5=5t2] 36]
Hy7 {f ()3 P} (s)

1234

= k() ® a* @Y HpM {g (1) ; (0" )| P1} (1) + 0(s°" D))

1,1 (s —0)

WE F shbe, (@)
A

o~

e

& oy L -y my+m,m4m oo
;:?1.;;1 {f (r) ? P]} (S) = H!’|+‘L’.wf]l+,{7l (59 Pl DP:)

_14_
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[0128]

[0129]

[0130]

[0131]
[0132]

[0133]

[0134]

[0135]

[0136]
[0137]

[0138]

[0139]

[0140]

[0141]
[0142]

[0143]

a= (a1, 1y, — b2 — B, i1, Ly,
b= (51, 1, —a — 4>, by, 1y
A= (_'ﬂl,ﬁg,ﬁh,ﬁj)
B — (Bl.ﬂgﬂl.ﬂg)

—ll, — ﬁiza b, lpp_—ng

‘a (d[.lq:,_ —Eg—fBg,d])

ZIHS3d 10-2017-0090096

— i — Ao)

— d) — )

o S O=Hpp (5 P2)

A W B9 (e 42) 2[5

5h2l 4318 WSl AEF A AXx(convolution operation) 4 T},

6= (1. 5. b1, b))
A= (ﬂ.[,.ﬂ.zqﬁ]./‘iz)

a=(d), a2, dl,dd)
B = (31,933,‘131583)

n

314 45]

a= (a>,a,d)
lﬁ_ (82, 61, 62)
A= (}ig,ﬂ]*ﬁg)
B—= (‘33,'131,‘1.3.3)

7()ie © = mEe Gp B

= 7] gEE AR AE P R Pl tiE 7] A

719 (5304 4312 [53h4) 44] WA (5344 46] 5 shtE WSS = Aok,

_15_



[0144]

[0145]

[0146]

[0147]

[0148]

[0149]

[0150]

[0151]

[0152]

ZIHS3d 10-2017-0090096

a = (d,a,dj)

6=(61.6>.6))

a= (4,24

B = (B, B, B))
A7) H-dgkel digh A, (4) A A3 Ak d-dd A4 A, 2 (5) Y] AEFA A4y dEE A5
Aeg ¢ £33 5 vk
A7 B-¥3ke] AL, (7) 31719 [482] 4718 WSSl 4 (composition) @ #FHEH A7 A S ¢ xgst
2= oh;}
T

1 . "
by | SHER 1 0P ()P )

_ [Hm]—|—mz n]—l—m {f (1) ; Py EHP2} (5)

ptp.qat
d7)ef e vheke ek 9 te dAxbse] hrle) (& 3]¥ #Zo] AEld & i, Aot e ke v 2
U datsel did deA(Es Fed)(identity) sl 871 [& 4]9F #o] Aed & glon, e
A5 2ol e AAxEe] 8719 [E 519 ol 48 5+ Aok
[x% 3]
Operation Symbol Order or paramelter sequence
Sealing P |a) (% ~abA m)
Conjugate P (% c,a+A,6+~B,A, '.'B)
Flementary  {ev, B, 4| P (W (ae)?  a+ BvA, 6+ G+B, 54, ﬁs)
Differential ~ 8°0 (m+1,mp+1,q+1)
AP (ke e, (m—£4,—2) (0,6 — (B),(4,1),(1,8))
Inverse o-! (7, m, 4, p)
p-1 (k. 1.1, —6.1,—a3.4)
Mellin 01002 (m +nma,m +m2.p 4 @20+ p2)

poP; (422 .46a3)
a= (n] 1y — 62 — B3.a )
= (51, p — a2 — A2,61)
[.ﬂ\ B, m)
!B (‘31 Az, '31)
Convolution O; 0, My + g, Ay + w2, P+ op2. @+ q'v)
PEP: fi ko, c102,8,6,4.B)
a = (a1,47.41)
ﬁ— (61,5 6y)
}11 Ay, H[
(B1,82,81)

Now) oy BERys, vEC, LEN

_16_
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[0153] [ 4]

Operation Property

Scaling Pl1)=P

P 0:1) |Q2) =P |(11(¥2)
Conjugate OP=P

(2l (n|P = (n +12|P
Elementary {1,1,0|P.= P

{a, 8,7 Py =
{1, B2, 72| {av, B, -n|P <r,\ 12 3+ 72| P
Inverse {1?@1 ; Op

(( J ‘)‘\P) ’

Mellin

0|E0 ‘702]01

10 uP2 =Py (-1|P;!
(01002 ' =0:00;
(PLEPy) " = (1| P2 (1| P,

0,0 = 0 !
PyOP=(-1|P!
Convolution {P 5 Pw —P,EP-P

0;EO0;=0;H0;=0,20;"
P, Py —P;;EPl =P, 0(-1|P;?

(0:1802) ' =0,'H0; ' =0, 00y
(P1EP2)” P»,]E!P MPQD( 1Py
[0154]
[0155] [¥% 5]
Symbol  Parameter sequence
Pc.df (‘1:11 (i _) (—,U) ) [J-_J(_~J-}J
PGXP (] 1 (U _) _s(ls_))
Pcap (1“21 1{12 ) (].\U)\(lﬂ.‘_) (1 ]))
P|Og (1n')11.~(02 )1(02!_J1(121_}‘{12~_))
Pé;r}n (]"K/)rus_:(u 1.—),—,(1,—))
Ph (b0 - 1), (09, (1), (1)
(Note)
[0156] e Ry
[0157] 2. Fx - 9 (A Bt I-HEe] Ao
[0158] A AAde A, o] obd WY W(nonnegative random variable) Xol thdk A7] ZT~ [I-wzre A7) dy
W X g5 W% 35(PDF: probability density function)?} A7) H-#&o] 71%3 179 [48H4] 48]1&
wEske A, 47 a9 we v oen Ads O=(mmrd g gouy ga
=(k.c.a,6.4,B) o] 7]x3% H-®XE(H-distribution)E& 7F4& YeRd 4 Ak, A7) Wy ®H5 Xo| o
i,
@) s gage, X~ TOP) g gug XY T Py pog ooy
[0159] [ 48]
. A
"}X (\) ;\-H‘[;qui |: (: IB) ] (_f 2 O)
(b, B)
[0160]
[0161] 78] [4Eha] 48]L, o] old A4 (nonnegative real number)d x(Z, ‘€ D?*) B oS
Tﬂ 7
/ : 1: P}i(l) =1
PxX) =005 goje) [s8k4 4919t Bshe] Hpq L1 PH(L) ol Huj FZ(distributional

_17_



[0162]

[0163]

[0164]

[0165]

[0166]

[0167]
[0168]

[0169]

[0170]

[0171]

[0172]

[0173]

[0174]

[0175]
[0176]

ZIHS3d 10-2017-0090096

structure) 2 Wl IElu| e 59 M E(set of parameters)el 7|2& 4= Q).

(5814 49]

Wy 115 PEeL)

_k 5= T (6 + 3)) j=i T (1 —aj — aj)
C n§:;1+| r (ﬂj +ﬂj) Hj:m—l-l r (1 — bj — ‘BJ,)

A7) H-E¥E, Zvk(gamma), <Fo]E(Weibull), = (Maxwell), HlEH(beta), WHByf(half-normal), X<

(exponential), 7FolAlF (chi-square), =¥ (Rayleigh), YWk %7]3}(generalized hypergeometric), HFEA|

(half-Cauchy), F #32 53 22 4] ¢8d O<s EX52 &4 484 + At

gk, A7) H-dEe, S0 [ 501 TSk Aol =H A < (independent) H-WZFES] #(product),

715 A% (power ), Ix(quotient)®] ¥ ZFES Agstrlel &0l ¢ vk, tA] @A, 7)o [#3H4

5018 ©Edhe A9l A7) -5 7] 41 (tractable) (5, H-BEH-preserving)) A2E 7Hd 4+ 2
|

T
o, s7]e] [8h4 50]0] A7) I-E2o (5, 7] &2 I-He]) A4 =31 5 9l

[43H4] 501

ai+A; <1, Vji=1,2,...,n

-[ij/"Bj 2 b, Wi =P, i

A7) ZE2~ -y B-Este] | QR s dH(factorizable) WE WEE Aot 4= Q. pA|FHoR, Y
7

ry,r2 € R\ {0} o]

EAsta shle] (5514 5118w

) d
XK=

~ H “p =, 9]
A523 b5 ZdA(factorizability) 3 Blshe), ¢~ THOLP) e €RA{0} £=1.2...., =

olar X7k sh7lel [84 52]5 wWHEekH Xigel HHAL W, shrle] [ 53]& wbHee A
P

~ H(O,P)

S T B el I e ey |

=

-k X = H (O, )—E o]

_ mlL san(ry)
0= EBF:] O[
P

—mL ( 1, |re [ pseete

2h =
» 53

=

g 2]
“(irregularity exponent)”} A©°]il 2}F=(degree)”} T ol QU AW 0= (m, % Ps ‘]) o} deluE Al

az P=KcabAB) g jza vxs dga 5 ad. 47 A 1e 9 259 5 AKS



[0177]

[0178]

[0179]

[0180]

[0181]
[0182]

[0183]

[0184]

[0185]

[0186]

[0187]
[0188]

[0189]
[0190]

[0191]

3. FEx - 7] %3

ZIHSd 10-2017-0090096

ZERer CERut) Ly am ws vl g 7 1A Babd pmme, ¥~ OT(OP.2)

o

Y ~ Qgmm (P, )

23 P = %7149 vk

s =

N

ot

ol

[}

1>

54]

py ) = ke ™ HIr [v.\'

Pexp = (l' l'~_1 (0'\_)&_5 (l'~_))

B X f]_(m' 8 (P)
A7) E o~ -HEE T Al o) A By 84=(CDF: cumulative distribution function), A& A4
S}<=(MGF: moment generating function) @ % E(moment)¢] 31719 [& 6]3 Zo] AeE < U, 7] -

Y ~ (g),]_(m n (P )

- 0. — = = = —
SRR B g o A RE @5, 4% A4 B L A8 &1 [E 719 2ol
4949 & ot
[xX 6]
Statistics ~ Symbol  Transform representation Function representation
CDF Fx (=) },'5, { :ﬂ-[ul );<1|P} (z) Um‘nl g+ (z; Pegr B (1| P)
. ; 1,0 o
MGE éx(s)  HAY {H;’”," (t:;P) ;Pmp} (s) HITL"(siPep O P)
- ¢ M7y D{8+{84+1)8;) [1% g T(1—ay—(£4+1)4;)
M - (X H™ . £ A=1 J ) i=1 il )
omenl \ )g P {1. <MP} (]) A+1 l{?—n.'.] [‘("J_(H'lmj)“j—wd,-l l(l—&j—tf—l}ﬂj)
(% 7]
Statistics ~ Symbol  Transform representation Function representation
CDF Fy () I_LQ‘ A 6+ 1P (y ‘L =\ g Lq | (i P B0 (£C + 1| P)
1,¢, O‘P ,| ) .
: 011 O { o T 1
MGF dr(s)  HyY {eNHIT (GP)iPop ) (5) vo01ns | ) (1 ¢i-ppy|c FOF
I (s A PmpDP) if¢=1
Moment (¥}, HE {e At g [’}(L) Lumatl lPE|< ,E,£’|Pw)

-

gt AE mElE

ditgow Fd  FAl A=E0)A FAE FA O ATRS)Y I EE 217120009049 &3
(instantaneous) SNR(signal-to-noise ratio)<, ©@7|/A7FE # o] (small-scale fading) % 7]/ 2 V]
old (large-scale fading)@ 72 A 3 EAS A9sty] 93 Zad 5 vk, 7] &7 SNRe 3
[48t2] 5718 "8 4 a1, Ayfsbd &3F SNR2 k719 [48H2] 58]& w5 4
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[0192]

[0193]
[0194]

[0195]
[0196]

[0197]

[0198]

[0199]

[0200]

[0201]

[0202]

[0203]

[0204]

[0205]

[0206]

[0207]

[0208]

[0209]

ZIHSd 10-2017-0090096

rnorm — f_/ U_)l
71 (8 571AA, 7y, Zs, ... T2 SHAR] ol old WY HMgES UEd 4 i, v A=
(multipath) #o]d, #%=%9(shadowing)(EE #%$ #H ol (shadow fading)) T3 #Z& Ay axs A49E

T du. B AErithe] oA (energy per symbol)E& WERE 4 1o, Nyi= AWGN(additive white Gaussian
noise)?] 3¢ ~#HAEZ W% (power spectral density)ES YERd 4 Ao}, dg Ax a39E52 7y, Z,, ... 7}

A7) I-HEo 2 ndy s
H3ke] A 9 AgEol

2o

& 7bed & ol
A Ao, HE(300) 7] vhs AR #Holdd 7] A=9-ds Fhst] RdEE & .
AL (300)9] A dleold XM (composite fading envelope)S S,2F & dwl, S,9 27 HA 39 (local mean

power)?l X, &= Z2¥ Ho(global mean) Qo 7] HAE=$-Jol ogr B of A AlFv](variance-to-

ki
i i } o o o) = B
mean-square ratio)¢l woll 7]%3F A W3}l(random variations) 54S Yeld 4 Qo). y= 9] #Ho]
= 3 [

kel
9 F(AF: amount of fading)¥ T4 + At. S, & HWE &

A9 [438H4 60100 A Ef} o 71t A2FA}F(expectation operator)S YERE S Qith. A9 [43814] 6
X
1114, ( )F% 719 [ 6] 2 [® 7]d A" AAE X9 1WA HES yEd & i,
. {
X =E{Xhy & gy
471 v AR dAelgddt 47 A=Yl AR F3 4 (statistically independent)d W, s}7]e] [}
21 62]eF el 4] 3 Heold s AV bde FE Hold I Y] AESYe tg(algebra)® 28T 4 Q).

=
= %99 F A (shadowing figure)etal 3 4 duh. 4719 [£E2] 62]e 7|28} 3719
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[0210]

[0211]

[0212]

[0213]

[0214]

[0215]
[0216]

[0217]

[0218]

[0219]

[0220]
[0221]

[0222]

[0223]

[0224]

ZIHS3d 10-2017-0090096

[534 5017k 858 4 o,

g AHAelA, AE(300)> 7] H-H3S 7|22 AoHe A7 F2 %S ol&ste] Rdgdrt. o
A5, AE@B00)2 F4 ik (radio propagation)oll we} F44 Al } =
(homogeneous) (¢]ol] t&}e], HEAH(diffuse) ¥ A& (scattering)9]) FA Hyp A
S, T4 =3 A (central limit theorem)ol wal AL (300) Wel tF HA=2 AHEE°] 0 Hi(zero-mean)
H] %+ (uncorrelated)?] &4 (in—phase) ¥ Zul(quadrature) 7F-Al%H(Gaussian) ¥
, 2R vs AR Holdo] iR #lE=5-Ydell T3 (superimposed)d F AT}
A AAldel A, AE(300)0] 7] FHY T My 2AE wESta Y] F24 H-AHES o835t RdYEE

Z ~ rH'WT],ril (P[)
o

folr
~
=
w
~
lo
&
o
N
N T

g
A
ot
4>
30,

i ﬂ rlr
o

3 W oy o

R

Bgel, AL300) el B7] vg A2 doldS vEhd= Zoll gid 3] s
= s7le] [ 6318 W 4 9l Ad(300) Wie) A7) AR e
L2,
KXo~ Tplp B2 o1 (ay arg
Feds vehlis S,=, A7 9H9l (mean power) 7k Qolat 4]
= H-#leld (H-fading)ol &

Q e Ry y/€R+)

(534 6518 WS

-

Fd & AT(F,
without irregularity)d % <l

[

dE 5, 7] B-¥elg2 =7tH4d 9l H-vo] 9 (H-fading

oo

&4 63]

n

s SR = 1

[5814] 64]

HE L {LiPs)} {1)= 1
H;?g {1; lel}(l) =1+ 7
P, =Py for y = 0.

[4=5t2] 65]
Ps, (8)

|
_ my,m | _ pym2,mn2
= [le-l]l { IHPZ,i]Z (

_ﬁ
|
s
—_
—
=
1=
S
=Y
w
=)
e
e
@
S T
—
17}
v

T ok A Ao, 7] Amg-dol = w=0d A, = ’ ' D Aol 71 -

[}
ol e alrlel [45H4 69leh ol 7 & Ut

~ -ty -y ) +np
Sy ~ My ipai+n (P(Sw}

va))

[5=5t2] 67]

P,y =P EH(l, 5. 1|P>

K}

[

sl 68]

i

AFs, = (1+ y) HISM (1; (4] Py} (1) — 1
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[0225]

[0226]

[0227]

[0228]

[0229]
[0230]

[0231]

[0232]

[0233]

[0234]
[0235]

[0236]
[0237]

[0238]

SIHSd 10-2017-0090096
[4=5t2 69]

o~ o3 (v |V

Pl f]l

ek AolagA, vF FE dold B A Hold

[ 8]

Multipath Shadowing  Shadowing figure  Order sequence Parameter sequence
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Random coding error exponent E; (R)
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