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Fig. 1. 3-user MAC channel and rate regions

The considered 3-user MAC channel is displayed in Fig. 1
(a), user a; (i € {1,2,3}) transmit message with rate R using
power p,,, denote 7; = it _ 1, Letting H; = pa,|ho,a; 2
for i € {1,2,3} leads to H; ~ Gamma(c;, 5;), where 3; =
. Then the probability density function (PDF) of H;

Qba Pa;
is [1]

N pai—1,—fix
(B:) f‘(a‘)e 2> Lieq2.8), M

in which I'(ei;) = (o — 1)l
distribution function (CDF) is [2]
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I.\D

The associated cumulative

a;—1 ;
F(z; 4, Bi) =1~ Z (ﬁ;l,:ye[’”,z‘ c{1,2,3}. (2

J=0

The probability that the receiver b can correctly decode all
transmitters aj, a2 and as is denoted by ]5123. Using the
definitions of individual error probability [3], ]5123 can be
calculated as }5123 = Pr{El,AvEQ,AL’Al = {CL17CL27CL3}7£ =
{a17a27a3}}, ie.

Pyos=Pr{log, (1+H;)>R,log, (1+H,;+H;)>2R,
log, (1+H,+Hs+Hsz)>3R}
=Pr{H,>2"1, H,+H;>2* 1,
Hy+Hy+Hy>2-1,Vi, j€{1,2,3},i # j}.

The integration region can be divided into six non-
overlapping sub-regions as Fig. 1 (b), denoted by A1; to A
respectively. The coordinates of point A ~ F' are respectively
Az — m2,m2 — m,m), Bz — m,ms — m2,m), Clns —
12,11, 2= ), D1, ms—n2,n2—=m), E(mz—mn1, 01, m3—n2),
F(n,n2 — m,ns — n2). The regions of Aj; to Ajg are
three-dimensional which consist of sectional area (Hs, Hs)
and height (H7). To represent simply and clearly, we use

some signals to replace long expressions. Here we denote
o1 = as 4+t — j, specifically, we have
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For P{A%,}, when 31 = 32, we have
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we can get P{A%l} as
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Set F' (z;a,8) = 1 — F(z;,0), then P{A11} can be
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in which 0 = ag+j—l+p—qand §' = 83— Ba, if B/ =0,
P{A},} can be calculated as
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where 01 = a3+1¢—j. Again there are two kind of conditions,

one is B’ = B3 — 31 = 0, then we have
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the other one is when £3 not equal to 31, we have if 3" = B3 — 1 = 0, we can get P{A},} as
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P{ A3} is similar to P{A;; }, we can take the same process otherwise 3 # 0, we can get P{Ay;} as
and change corresponding value of integrals to obtain P{A;3}
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When (31 = [, then the above expression is simply
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The probability of b can decode a; and as but not a3 is denoted
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To simply represent P{AL,} and P{A3,}, set o5 = aq +az+
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To obtain P{Asz}, set 0 = a3z +i—j+p—q and /3’ =
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Finally, from Pj535 = P{Ag; }+P{As}, the probability can
be derived. Due to symmetry, we can derive P53 and Pjos
from 15123 only to exchange subscript of parameters. Then the
probability of b can decode a; and but not ag, as is denoted
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region is as Fig. 2 (b), coordinate of point A is (0,0,7;(1 +
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For simplicity, set 05 = as + j — [ and B = B9 + B1m1, then
P{AL,} can be obtained as
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T(61)z52 e —Br2 gy,
ﬂz gee”im ailiz( )(Z) 51771)
Ples) === ()7

T(o1)T(02) F (771;02»5),

For simplicity, set o’ = ag +j — [ +p—q and 3 = B5(27 —
1) + B2 + B1(22F — 2F), then P{A2,} can be obtained as

Qs —Bim Al
P )= / e 22 ()G
3) i= o] 01=0 '
g 2
p=0 g=0
55‘2@13 —Byimy 71 i ( )( )’81771)()
o ZZZ o
c1—1 p 4
3 Z( ) e (5.
p=0 ¢=0

The first step integral of x; is the same, set 07 = az+i—j



and (= B3 + 51 (27

n2—n1 pN2—23 OO
P{Asz}= / / JH1 22,25 (T1)
**1 n(1+xz2+x3)
fH2|1'3(‘r2)fH3('T3)dm1dx2dx3

N2—nN1 N2—T2 OO
:/ [P / le\w3,12($1)
m ﬁ*l n(1+z2+x3)

: fH3|3€2 (x3)fH2 (fz)dxldﬂcgdxg,

N2—"N1 N2—T2
:/ / F' (m(1+za+x3); 00, 51)
1

—1). we can directly have

2 9
n1
0 l,gz 1 *ﬁszsf ( )d d
H,\(T2)dT2d0T3
F(Oég) 2
/?72—721/772—582 alz_li ( )ﬂ —Bim (1+x2)
m N j iT'(as)

(Bim) (1+a2) 25~ e P fir, (22)dwadas

/772 np @1~ 1 i () 3 e~ Bim (1+a2)
m i= O 7=0 J

Z!F(O&g)
(Bim)' (1 +a2)?

o (v (o)

—F ( N2 — 552;5175)) Ja, (x2)dzs
=P{A3,} — P{A3}

(20)

Set o = as+j—l+p—qand § =22+ 8, + B (1 +1),
we can get P{AL,} as

n2—"n1 O‘l 1 i g 5‘12 a3 —517716[3
Pt [ (1)()*
Ua=) - 2 22 0)) o

(Bim)'T (dl)dl_l “ (p (B)p(n%)p_q(—l)q
i (G = qz_;)( ) p!
~a:g2l71 _ﬁmdxg
*w 'S (Bum)’

e 35 232 (1) ()%

i=0 j=0 (=0

T al)‘fl‘l : <p> By G (-1)°
(B)° 1;) q;) q p!
T 0'/2/) A A
'(Bv)g,z, (F (772 —1M,02 76) _F(7717U2 ’B>) )
Set 3} = By — B3, we can get P{A2,} as
ma—m o1l ¢ o2 gas ,— 11 ,— A2
By Bge” Prme N (/51771)
Pldal=], ZZ( )
LT L0
=0 =0 ¢=0

~x‘2"’2 B e_ﬁlm2 dzs. 21

If By — B3 = 0, it is simple to obtain

a1—1 1

o)
DRl

((nz — )7 = (m)” ) :
If By — B3 # 0, we obtain

25043 —Bim g— B2 (/31771)

s EE()()2

T(61) = (p) (B)P(=1)P~ 3T (o)
§ q (B}’
: (F (772 —771;0'2/,/3;{) -F (771;0'2/,3{)),

Furthermore, ]5123 and ]5153 can be calculated similarly as
above procedure, we can obtain the results only to exchange
some parameters’ subscript, we do dot discuss in detail any-
more. Finally, the probability of b can decode none of them
is denoted aspﬁg, we can obtain it simply as follows.

I (o) (as)

193 = 1 —Pio3 —Pyo3 —Py 33 —Pras —Piag —Pi1o3 — Prag(22)
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