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Abstract: This paper provides Closed-form expressions for thehannel capacity over fading channels. SpecificdBy
average channe'l papacity and probability of outa‘gdual-.branch [4], [6]-[9] discuss the average channel capacityero
Selection Combining (SC) over uncorrelated Nakagamifading Nakagamim (for m>1) fading channels under different

channels. This channel capacity and probabilityocotage are - .
evaluated under Optimum Power with Rate Adaptat@PRA) and adaptive transmissions schemes. In [10], averagerc

Truncated Channel Inversion with Fixed Rate transiois(TIFR) capacity of dual-SC and-MRC over correlated Hoyt
schemes. Since, the channel capacity and prolyalifitoutage fading channels using ORA, OPRA, CIFR and TIFR
expressions contain an infinite series, the saiestruncated and schemes was presented. An analytical performanady st
bounds on the truncated errors are presented. ®hesponding of the channel capacity for correlated generaligathma
expressions for Nakagami-0.5 fading are called esgions under fading channels with dual-branch SC under the ufie

worst fading condition with severe fading. ower and rate adaptation schemes was introduced in
Finally, numerical results are presented, whichthem compared Fll] P

to the channel capacity and probability of outagsults for no . .
diversity case, which has been previously publisaeder OPRA In [12], an expression for the average channel dgpaf
and TIFR schemes. It has been observed that OPRAdpsov Nakagami-0.5 fading channels with MRC diversity bagn
improved average channel capacity and probabilitpudage, as presented using OPRA and TIFR schemes. Expresfions
compared to TIFR under worst case of fading. the channel capacity in Rician and Hoyt fading estvinent
with MRC were obtained in [13]. However, analyticalidy

Keywords: Channel ~capacity, Dual-branch, Nakagami-0.5¢ o gialbranch uncorrelated Nakagami-0.5 fading

Optimum power with rate adaptation, Selection caniniy,

Truncated channel inversion with fixed rate trarssioin. channels capacity with SC under OPRA, and TIFR sefse
has not been considered so far. The Nakagamiodel has
1. Introduction been widely used in general to study wireless neobil

communication system performance, less attentiqggeas
Channel capacity is becoming increasingly a primany have been focused on the particular case of déakia0.5
concern in the design of wireless communicationtesys  fading. At the same time that results obtained\iakagami-
as the demand for wireless communication servisesh g5 will have great practical usefulness, they vié of
as wireless personal area networks, satellites&ia theoretical interest as a worst fading case. Aévimusly
services, wireless mobile communication services, hyplished literature related to the average chanaphcity

growing rapidly. Since wireless communication syse yjth SC over Nakagami fading channels using OPRA and
are subjected to fading, which is undesirable. @h@nnel T|ErR schemes are not applicable far 05.

capacity in fading environment can be improved b
employing diversity combining and / or Adaptive
transmission schemes [1]-[5].

¥ his paper fills this gap by presenting an anaftic
performance study of the average channel capagity a
probability of outage of dual-branch SC using OPRAd

Dlverglty combining, which is knpyvn to bg a -pow.érfu TIFR schemes under most practical challenging fadin
technique that can be used to mitigate fading ireMss . . . "
.scenario said to be worst fading conditions.

mOb”? systems. Maximal ratio combining, eq“"’." 93U this paper, SC has been considered which isobniee
combining, SC are the most fundamental diversit

combining techniques [3]-[4]. Yeast complex diversity combining techniques [1%he

. S . dual-branch diversity has been considered sinaférs
Adaptive transmission is another effective schemat t . . . .
. . : .. the maximum SNR improvement, besides offering
can be used to mitigate fading. Adaptive transmoissi . . . : .
. LI : minimum complexity and physical space requirements
requires accurate channel estimation at the receind a

reliable feedback path between the receiver and tIL1e4]' The remainder of this paper is organizedaws:

transmitter [6]. There are four adaptation transiois I Section 2, the channgl model is defingd. In ®ecs,
schemes such. as OPRA, Optimum Rate Adaptation W@;‘/erage channe| capacity and probability of outage

. ' . . dual-branch SC over uncorrelated Nakagami-0.5 fadin
constant transmit power (ORA), Channel Inversiothwi channels are derived for OPRA and TIER schemes. In
Fixed Rate transmission (CIFR) and Truncated ChlanngeCtion 4. several numerical results are preseatnmll

Inversion with Fixed Rate (TIFR) [6]-[8]. al?alyzed, whereas in Section 5, concluding remarks
Numerous researchers have worked on the study gcﬁven
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2. Channel Model °

L | [l==-2 oy ay=1(4)
The probability distribution function (pdfp, () of the w v y

received SNR at the output of dual-branch SC under /o

Nakagamim fading channels is given by [15]-[16] is The channel fade level must be tracked both at the
2y L (M my 2my receive_r and the transmitter, hence. the transmlit_eesr to
Py (V) = = [T] exp[—TJ{l—Qm[o, fTH y=0 (1) adapt its power and rate accordingly, allocatinghhi
(m Ly Y Y power levels and rate for good channel conditions
(ylarge), and Ilower power levels and rates for
unfavorable channel conditiong §mall).

When. y<yy, no data is transmitted, the optimal scheme
which can be represented, when is not an integer, as g, ffers a probability of outageRy, equal to the

where y is the average received SNRy(m= 05) is the
fading parameter, an®@ y(.) is the Marcun@ -function,

given in [15] probability of no transmission, given by [6]-[7] is
F(m, nl J Yo o0
Qmj 0. |2 |- Pout = [ Py (N dy=1-[p, Ny (5)
r(m 0 Yo

Substituting (2) in (4) for optimal cutoff SNRR g then
where Tr[.,.]is the complementary incomplete gamma

funcion. I[N od -2 % =1 0
As we consider worst case of fading, then by [17] Yo yNYy y y

)

05
2x 05y r(0'5‘1—,y] 05y Using [17], we have
e onf °

1F 1{1:1.5; 05y } -
y

i - 2%
where erfc(.) is called complementary error functions. So y

that
1-erfc Q = erf ﬂ
y y

Hence, the pdf of dual-branch SC under worst cdse o

Using this mathematical transformation (6) becomes

J(i—iJéex;{—gj F 1{];1.5;@} dy=1
Yo Yo V)Y y y

fading using above mathematical transformation is where F 1[_;_;_] is the Kummer confluent hypergeometric
_ | 2 _ 05y 05y function.
py(y)—‘/ Py exp[ 7 ]erf[ 7 } yz0 (2) Evaluating the above integral using some mathemlatic

transformation by [17], we obtain

{i+ E}xerf{ O'Fiyo}— }I'I 8 — exr{— O'S_VO}erf fo'Fiyo
3. AVERAGE CHANNEL CAPACITY o v y Yoy y y
2 .| W

In this section, we present closed-form expressfonshe +—_Ei[ T} =1
average channel capacity of uncorrelated Nakagami-0 k4 Y
fading channels with dual-branch SC under OPRA anghere E[] is the exponential integral function.

T”:R. schemes. lt_ Is assumed that,_ for the abouﬁwe numerical of value ofq, which satisfies (7) can be
considered adaptation scheme, there exist perfeaire|

estimation and an error-free delayless feedbact, paf@/culated using MATHEMATICA, result shows thap

similar to the assumption made in [8]. increases as y increases andy, always lies in the
31 OPRA interval [0, 1] The value of cutoff SNR, that satisfies

The average channel capacity of the fading chawitl (7) for eachy is used for finding average channel

ived SNR distribution, “and optimal d capacity per unit bandwidth.
receive Istribution.py () , and optimal power an Substituting (2) in (3), the average channel capacf

rate adaptation Copra [bit/sec]) is given in [6] as dual-branch SC under worst case of fading scensrio

Coprn =8 toaz| - |oy (1 (3 -0 b 2|2 oxf -0 || [051
OPRA }}LOQZ[yojpy(y) y (3) CoPrA Bglogz{yoj ”}_/yex > erf > dy (8)
0

where B[Hz] is the channel bandwidth angdg is the As we know by [17]is

(7)

optimum cutoff SNR level below which data transriuas o 05 n+05

is suspended. This optimum cutoff must satisfy the 05y 5 i(_l) (J—/]

equation given by [6] as erf[ /+]=— — 77 (9)
v ) Irgy ni@n+
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Substituting (9) in (8) and after some mathematical
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transformation, the average channel capacity umdest
case of fading is

_ 28868 — "
C =
OPRA T nzz‘an!(zn_'_l)zn(}—/)n-#l
o (10)
[ 1og (l] exr{—o'—?’] y"dy
Yo y
Yo
_ 28868 1- nn y
COPRA T r]Z:‘E)n!(zn+1)2n(}—/)n+l
(11)

00

05
j (logy —logyo )exp{-Tyjy” dy
Yo

Following can be taken from the first part of abawtegral
of (11) is

Ilog yexn(—@] y"dy
y
Yo

This can be solved using partial integration akoves

Iudv: lim (uv)— lim (uv)— jvdu
y-eo Y-
] Yo

First, letu=logy
Thus

Then, let

dv = exp[—ﬂj y" dy
y
Integrating above expression using [17], we obtain

05y )~ n! —yk+1, n-k
v=—exg ——— 2
r{ > ]k§=0(n_k)!( Py

Evaluating above partial integration
mathematical transformations, we obtain

00 n
05 n! 05,
J log yexp[—Tyjyndyz Z—I log (o )exp{— _VO}(
y I(_O(n -k)! y
Yo -

using

12)

n

—k+1, \n—k n! —n+l-| . 05/
@ ) +I§)—(n—k)!(2y) r{n k,—y}

Second part of above integral of (11) can be solusidg
[17]-[18]

I logy o exr{-%} YN dy = 29" og(yo) F[n + loij_/yo} (13)
Yo

Substituting (12) and (13) in (11), the average ncieh

capacity of dual-branch SC under Nakagami-0.5 fadin

channel is

- 2logyol’[n +:LO'L_VOJ +
y

n

n!
Z(n—k)!

k=0

k+1-n |Ogyox

D"
n!(2n+1)

00

28868
CoPRA=— Z
n=0

n
> nt ZF(n—k,—O'S_yoj
(n-k)! y

L k=0
Hence, the average channel capacity per unit badtdwi
COgFfAj[bit/secle] for dual-branch SC under

(UOPRA =

uncorrelated Nakagami-0.5 fading channels is

—2Iogyor[n+1—0'5ly0j+
y
"Nk
1 oK#lmn
2886 - =
Nopra =~ -k (14)
4 y
n
z(nﬂk)lzr(n—k,—o's_yoj
Lk= ' _
The computation of the average channel capacity

according to (14) requires the computation of aimite
series. To efficiently compute the series, we taiacthe
series and derive bounds for the truncating error.

The average channel capacity per unit bandwidtfil#)

can be written as 7oprA =/INgpra *7Eopra +  WHETE
NMNopra IS the expression in (14) with the infinite series

truncated at theN th term as

- 2Iogy0r[n +1£_yoj +
y

n

z n!

N (—1)” l<=0(n—k)!

n n!(2n+1)
n=0

k+1-n |Ogy0><
_ 2886

n
Z—(n f!k)' 2r[n - k,—O‘S_yoj
k=0 4

is the truncation error

and g pra resulting from

truncating the infinite series in (14)

The lower bound for the capacity can be derivedisiyng

the relationship between the area of the pdf amsl th
expression of the average channel capacity per unit
bandwidth.

As we know that area of pdﬁy (y) is P equal to unity.

P=Ipy(y)dy=l (15)
0
Substituting (2) into (15), and evaluating the gras

followed with mathematical manipulation using [17B],
we get
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="

'"_§:@n+n 16)
Let
_i (_1)n (17)
N-1 T =5 (2n+1)
Now let
D N
AN = . (2N +1) (18)
Then
PN =Py +AP
Similarly, from (14) let
—2Iogyol'[n+loi}_/yoj+
Zn: MK+ 0gy o
(n=K)!
- 28862: (-ph | k=0 )
tora T Zien [exp[ﬂ}p_p}” ]
y y
i n! or n-k 050
(S 7]
(19)
and
_2|0gy0F[N+1, SVOJ
N
N!  k+1-N
}:(N_kﬂ logy ox
DNy, =-280_EDT |0 )
~lopra . _
M NI@N+]) [exp{ OSVOMV_;} }r
N
N ZF[N— 0'5_"0]
~ (N-K)! Z
(20)
then

/INopra = TN=1gpra ¥ AN =1opga

Dividing (20) by (18), yields

logyo F[N +],05y0J
y

N!
N

BDIN-10pra. = 1443 ,

AP -1 [exp{— O.5yo}{
y

N T

2.

k=0

(N -K)!

Y T —igriooro*
k=o(N ~ !

0.5}/0
y

[N —k,0'5_”°]
SN A

+

)

(21)

Observing that [ N

with increasing,N .i.e.

Aliopra

AN -1oppa
AP N

AnN =
S IN-1opra
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] monotonically increases

fori=N

AP,

- AnN-
ZA” ioPrA” oPra

i=N APy

Hence, the average c

AP,

(o]
ZA P =

i=N

hannel capacity in (14) calower

bounded by using (18), (21) and (22) as
/TOPRA > /INopra * /TE~loWgpRra

Where/7|5_|o\,\,OPRA is th
Hence the channel ca

TOPRA >I7NOPRA + 1443

N
|:l_i
T
n=0

Lk=0

@2n+1)

e lower bound ofgg ., -
pacity can expressed as

Iogyol'[N +1, OSVOJ
Yy

+

)

N!
N

2

1
N -k)!
i (N=K)
05)0

ol
14 y
05)p

rn-e )
|

logy o

(23)

N

)

(N -K)!

"

The upper bound fongpra is derived as
TOPRA <,7NOPRA +,7E—UpopRA

where 7g_ypopra » Which is the upper bound of ., -
The expression in (10) can be written as

1837 05y
n = lo exp{——_ }x
OPRA ,[ [ VO] 7
( O5yJ [ O.5yjn
N — 00 _7
d
Z (2n +1) n! ZN: (2n+1) n! 4
Therefore,ng e, €N be expressed as
1837 05y
lo ex x
TEopra = I g[VO] p[ 7 }
[ osyj (24)
z (2n +1) n dy
Leta, =———, then 2ntL - 20*1
2n+1 a, 2n+3
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i.e. a, monotonically decreases with increase nof, bounded using (26) and (23) as

therefore,/]EOPRA can be upper bounded as
FOPRA " 2p(2N +3) Yo
Yo
[_ O.5y]n
Y Sy
n=N+1
1837 ¢ y 05y
<——— x| log| — |exg ———
Teorn < Zan+a | g[yo] ‘{ Z J
Yo

sl s,

n=0 n=0

After evaluating the integral (25) and some mathi#cah
manipulations using [17]-[18], we obtain the uppeund

7TE~upgpra fOT. 77 Eopra as

. __ 1837
Bopra =) 2N +3)

n

1837

TEoPra = 272N +3)

_ N
s A el )
VE{ 7 } Z_n!
n=0
Lo 05y
{kz::on_k!(Zy)F(n—k,T]+
n

Ve

k=0

-10g(y0 )exp[ N O]
7

Therefore, the average channel

o4

0.5yj
y

(25)

_ 05y

y

n-k
(OLVVO] (@)~ (27)log (yo)T (n +10LVV0]}

bandwidth in (14) can be upper bounded as

_yE{ yo}

y

N n n

-1 n _
n {Ezn—k! [n—

n=0 k=0

n
2
k=0

@)~ @)log (vo)T [n +1&VVOJ}

1837
272N +3)

y

Hence, the average channel capacity per unit batitivis

220 OJ +
Yy

n-k
n - 05y )( 05
- 10g (y0)exp [—_ 10 j[—_y Oj
e ;

[t

=0

jn

capacity per

(26)

. . 1837
NoprA " 272N +3)

-VEi {-_Xo} -

y

N n|0n

St 3t e,

n=0 k=0

n n-k
n - 05y )( 05
109(40)exp [—_ Y0 j[—_y OJ
-k 20N

2

k=0

- (27)log (yo)T [n+1—°'5VV0 ]}

@)

Iogyol'[N +1, T/VOJ

N!

N

[exp{Lsm}{iﬁ*Jf

N T (N _kyio.s_yoj

2: /4

5 oW

+

>ITOPRA >,7NOPRA + 1443

- (27)

2n+1
n_

We have derived upper and lower bounds on the ®rror
resulting from truncating the infinite series inoak final
average channel capacity expression. Those bouands c
be used effectively to determine the number of term
needed to achieve desired accuracy.

Substituting (2) in (5) for probability of outagiaen

S 2 05y 05y
Pyt =1- ——exp —— |erf| . [—= |dy
ot JO\/HVV p( y J [\I y ]

After evaluating the above integral by using matatoal
transformation [17], we obtain

41" [r(n 1)- F(nﬂ,oiyoﬂ (28)

P = PR S

out ngo Mni(2n+1)
The computation of the probability of outage acdogdo
(28) requires the computation of an infinite series

urimilarly as channel capacity, we truncate theeseand

derive bounds for the probability of outage usirame
mathematical transformation [17].
The probability of outage in (28) can be written

asPopra = Popra, N+ Popra e Where Popra, N IS the
expression in (28) with the infinite series trumchtat the
N th term as

4(-p" 05y
I'Inl(2n+l)|: (n+1- I'(n+l y ]:I

is the truncation error

FOPRA, N = z

and Popra, E resulting from

truncating the infinite series in (28) .
Hence, the probability of outage is bounded as laimnib
average channel capacity using [17]-[18] as
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1%, atn=N.
2 1—9XF{— }7] Hence, theP|y= yo]is bounded similar to probability of
FOPRA. N + W_ outage under OPRA using [17]-[18] as
N - 2ex;{—y0J
Samenes| ) ] Lk
i ( ) l Ply= yoly + Nn (2N +3) S E
5/0 4" 050
F[N +1] - I:N+l } zn!l‘I(ZN+3) { +1 }
> RoPRA > FOPRA, N + T x (29) n=0
- { 05y0}
N +1,
Z D" Py = noly +Tyx (34)

(2n +1) :
L4 i )"
32 TIFR r n_O(2n+1)

The average channel capacity of fading channel with
received SNR distributionp,(y) under TIFR scheme This bound can be denoted as

(Crier [bit/sec)) is defined in [6]-[7] as Plv = yoly +Ply = Vo]upper >Ply 2 o
> P[VZ yO]N + P[y2 yO]Iower

The expression of probability of outage in caseTHR is

CriFr = Blogs 1+m; (1-Py), ¥=0(30) same as (29), except the cutoff SNR level. In daise the
J- py(y)]dy cutoff SNR level,,, can be chosen to maximize the average
channel capacity in (30). Hence the bound of priihalof
Yo outage in case of TIFR can be denoted as
The cutoff level,, can be chosen either to accomplish a PFErR, N * PTIFR, E-up PriFR
specific probability of outagep,; which is given in (5), or >PrFR, N *PTIFR, £_| ow

to maximize the average channel capacity (30).
Hence, using (2)

2 exp (_05}/] erf 05y : 1 ; i+
b, \7vy V V It is clear that logy1+—————|=Cj,,is positive
= (31) ,[[ py(y)J »
Yy y 7}/
Integrating (31) using mathematical transformation Yo
[17], we obtain constant for given valugyandy. Hence, the average
ol 2 channel capacity per unit bandwidth for dual-bras@ is
Py (¥) 2 05 2 _ 05
I yy dy=§{eff(7yoﬂ +\/I‘|\/y_y VVOJX bounded as the bounds @fy > y,|, except that the bounds
Yo 0 (32) are multiplied by a positive constagyt, .1t means that the
orf [0'5_y0]—é—i_Ei[_—fo]—éerf[O's_yo] bounds of average channel capacity per unit bartbwid
y y Ny vy y NTIER in case of TIFR for each valyg andy becomes
Substituting (2) in (5) foPuy , then [ 2%{_ Yo ] |
y

0 —
P[y2 VO] =1-Pyyt = I ’”}2/}_/ exp(—%jerf( /%]dy M (2N +3)
N
Yo

4(-p"
Cyo *Plyzvoly +Cyy g ZLX
n

Ply= yo] can be obtained using [17], as "M E@N+3)
e 05y
_ 41" 050 {ml 0}
Ply = yo] n§=o STERRET { +1 } (33) 7 @)

The computation of the[y = yo] according to (33) requires > eg >

the computation of an infinite series. So, we tatacthe 05y ¢
series and derive bounds for tily > y) . N+L—="" 7
N e 05y Cryo *Ply= yoly +C;7,yo -
Ply = =1-Ryy = Y — 2T |n+1, =2
[V VO]N out nz_;,)n! @n+Dn { 1 7 }

N  n
)
n:O( n+1)

where P[y= o]y is (33) with the infinite series truncated
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Finally, the bound of average channel capacity peit
bandwidth in case of TIFR can be denoted as

/INmipr */TE-upriFR = /TTIFR 2 /INTipR * TE—lownER

4. Numerical Resultsand Analysis

In this section, various performance evaluatiomltedor the
average channel capacity per unit bandwidth antahitity
of outage have been obtained using dual-branch Bt@ru
worst fading condition. These results also focusaverage
channel capacity and probability of outage compass
between no diversity using [12] and dual-branch 8der
OPRA and TIFR schemes.

Table 1. showsy n ., at two different levels of truncation,

N=5 andN =15, for dual-branch SC along with its
truncation error boundgg —ypopg, @Nd 7E-1owgpg, It 1S SEEN

that the truncation error bounds becomes tighterthes
truncation levelN increases.

Table 1. Comparison ofNgps, + 7E-upopra » 2N
NE-lowopra a1 two different values ol for worst case of

fading.

N=5
y [dB] TNopRra TE-upopRra TE-lowopra
-10 0.1844003 0.35140 0.14825
-5 0.5073238 0.28697 0.18892
0 1.0859664 0.26870 0.23936
5 1.9739237 0.31500 0.30073
10 3.1482559 0.38678 0.37233

N =15
y [dB] TNopra TE-upopra TE-lowopra
-10 0.2534597 0.16563 0.08559
-5 0.6017111 0.14023 0.10093
0 1.2117708 0.13305 0.11996
5 2.1379537 0.14709 0.14311
10 3.3568817 0.17511 0.17011

Hence in order to get desired accuracy the infiséges in
nopra has been truncated at the 15th for drawing fig. 1.
In fig. 1, the average channel capacity per unitdvadth of
dual-branch SC under OPRA scheme is plotted asctidun
of the average received SNR per brapch-or comparison,
the average channel capacity per
Nakagami-0.5 fading channel without diversity, whiwas
obtained in [12, Eqg. (8)], is also presented in fig As
expected, by increasingy and/or employing diversity,

unit bandwidth o
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average channel capacity per unit bandwidth impmove

4

—8— Dual-branch
—*— No diversity

35

Average Channel Capacity per Unit Bandwidth [bit/'sec/Hz]

Average Received SNR [dB] per Branch

Figure 1. Average channel capacity per unit bandwidth
under OPRA for a Nakagami-0.5 fading channels \&ersu
average received SNR.

Table 2. shows Popra, N at two different levels of

truncation, N =5 andN =15, for dual-branch SC along with
its truncation error bound®pga E-up’ andPopra . Elow”

Table 2. Comparison oPopra, N Popra, E_up,and

PoPrA, E_lgy 2L TWo different values oN for worst case

of fading.
N=5
7 a8 FoPrA, N FOPRA, £_yp| OPRA, £ jow
-10 0.6232582539 0.0653675| 1566719210
5 0.4383344079 0.0474504| 8.3288090x16
0 0.2584629245 0.0287698| 1.8807318x10
5 0.1253386000 0.0142201| 1.6584278x10
10 0.0509878788 0.0058436|  6.169986%10
N =15
7 (o8] FoPra, N FOPRA, E_yp| FOPRA, E_jow
-10 0.6232599015 0.0257515 0
-5 0.4383344613 0.0186926 0
0 0.2584629251 0.0113360 0
5 0.1253386000 0.0056019 0
10 0.0509878788 0.0023020 0
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It is seen in table that the truncation error baubdcome Table 3. shows Prgr N at two different levels of
tighter as the truncation levé,, increases. Hence in Ordertruncation, N =45 andN =55, for dual-branch SC along
to get desired accuracy the infinite seriePipra has been with its  truncation error boundier, ., and
truncated at the 15th for drawing fig. 2. uP
In fig. 2, the probability of outage of dual-bran8i€ under
OPRA scheme is plotted as a function of the averadpunds become tighter as the truncation leixe),increases.
received SNR per brangh For comparison, the probability
of outage of Nakagami-0.5 fading channel withowedsity,
which was obtained in [12, Eq. (9)], is also presdnin
fig.2. As expected, by increasing/ and/or employing

PIIFR, £ jow” It is seen in table that the truncation error

Table 3. Comparison ofPrier N+ PriErR nd

,a
" E-up
PTIFR, £_jow at two different values ol for worst case of

diversity, probability of outage improves fading.
10° ‘ ‘ : N =45
 [a8] PTIFR, N PIIFR, g_yp | PTIFR, gon
® -10 0.767417818 0.0108675 0
(=]
£ —¥— No diversity
= -
3 —&— Dualbranch 5 0.634092244 0.00918851 0
S 1otl— —/— —
2= = — — — 0 0.472983905 0.00702055 0
e} -
©
s T I 5 0.338303036 0.00509988 0
o
e b 10 0.231889515 0.0035177 0
- | N =55
| | |

-10 -5 0 5 10 v|dB
Average Received SNR [dB] per Branch V[ ] PTIFR, N PTIFR, E-up PTIFR, E-low
Figure 2. Probability of outage for a Nakagami-0.5 fading -10 0.766182507 0.00894409 0
channels versus average received SNR under OPRA
scheme. -5 0.632856933 0.00756222 0
In fig. 3, the average channel capacity per unidpédth of 0 0.471748594 0.0057797 0
dual-branch SC under TIFR scheme is plotted asetifin 5 0.337067725 0.00419725 0
of the cutoff SNR )y for several values of the average
10 0.230654204 0.0028951 0

received SNR per brangh As expected, by increasing
average channel capacity per unit bandwidth impove

Hence in order to get desired accuracy the infiséges in
Prier has been truncated at the 55 th for drawing fig. 4

35 T T T

| PN

—P— Average Received SNR per Branch= -10 dB \
—A— Average Received SNR per Branch= -5 dB
—¥— Average Received SNR per Branch= 0 dB
—O— Average Received SNR per Branch= 5 dB
—+"] —+— Average Received SNR per Branch= 10 dB

27717 ~AO—O.

B ~¢
15—

Jﬁ .

g

~

—#— No diversity
—O— Dual-branch
- T _

Probability of Outage

0.5

Average Channel Capacity per Unit Bandwidth[ bit/'sec/Hz]

10
Cutoff SNR [ dB] -10 5 0 5 10

Average Received SNR [dB] per Branch

Figure 3. Average channel capacity per unit bandwidth for i
Nakagami-0.5 fading channels with dual-branch SGu&e
the cutoff SNR under TIFR scheme.

Figure 4. Probability of outage for a Nakagami-0.5 fading
channels versus average received SNR under TIF&rszh



International Journal of Communication Networks &mfdrmation Security (IJCNIS)

In fig. 4, using the cutoff SNR levelg), the probability of
outage with dual-branch SC under TIFR scheme igqulas

a function of the average received SNR per brgnchor
comparison, the probability of outage of uncoredat
Nakagami-0.5 fading channels with dual-branch S@ an
without diversity, which was obtained in [12], ids@
presented in fig. 4. As expected, by increasipgnd/or
employing diversity, probability of outage improves

Table 4. shows[y=yp], . at two different levels of

truncation, N =45 and N =55, for dual-branch SC along

with its truncation error boundsPly >y, e and
P[VZ VO] lower *
Table 4. Comparison oP[yz yo]N , P[yz yo] upper and
P[yz yo] lower &t two different values oN for worst case
of fading.
N =45
J_/ [dB] P[VZ yO]N F)[y2 yO]upper P[VZ VO] lower
-10 | 0.232582182 0.0833333 0.00691896
-5 0.365907756 0.0833333 0.00691896
0 0.527016095 0.0833333 0.00691896
5 0.661696963 0.0833333 0.00691896
10 0.768110485 0.0833333 0.00691896
N =55
y [dB] F)[y2 yO]N P[y2 yo] upper P[y2 yO]IOWEI‘
-10 0.23381749 0.0666667 0.00568365
-5 0.36714307 0.0666667 0.00568365
0 0.52825140 0.0666667 0.00568365
5 0.66293227 0.0666667 0.00568365
10 0.76934579 0.0666667 0.00568365

It is seen that the truncation error bounds becdigbter as
the truncation levelN increases. Note that the truncatior
levels that were used to calculate the average nethan
capacity for table 5 i =55.

Table. 5. showsy N, at two different levels of truncation,

N =45 andN = 55, for dual-branch SC along with its
truncation error bounds7g_yp,, ., and 7e—jowq - It IS
seen that the truncation error bounds becomesetigtst the
truncation levelN increases. Hence in order to get desire..
accuracy the infinite series gt pr has been truncated at
the 58" for drawing fig. 5.
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Table 5. Comparison of N, .. +/7E-upyer » @8N

NE-low at two different values o for worst case of

fading
N =45
7 [ag] INTIFR TE-upiFR TE-lownrr
-10 0.30454776 0.109118289 9.0598%10
-5 0.629511362 0.143367442 0.01190345
0 1.18533825 0.187429091 0.01556178
5 2.016898662 0.254005731 0.0210894f
10 3.108404873 0.337234865 0.02799979
N =55
7 o] NTiFR TE-upTiFR MTE-lownFr
-10 0.306165297 0.0872947 7.442285%10
-5 0.631636609 0.1146940 9.778208%1p
0 1.188116636 0.1499434 0.012783381
5 2.020663964 0.2032048 0.017324163
10 3.11340393 0.2697881 0.023000708

3.5

Average Channel Capacity per Unit Bandwidth [bit/sec/Hz]

—&— Dual-branch
—%&— No diversity

Average Received SNR [dB] per Branch

Figure.5 depicts the average channel capacity pet u
bandwidth of a dual-branch SC system over uncdaela
Nakagami-0.5 fading channels under TIFR scheme as a
function of the average received SNR per bragnchiror
comparison, the average channel capacity per anitwidth
of Nakagami-0.5 fading channel without diversityhigh
was obtained in [12, Eq.(18)], is also presentefigins.

Figure5. Average channel capacity per unit bandwidth
under TIFR for a Nakagami-0.5 fading channels v&rsu
average received SNR.
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As expected, by increasing and/or employing diversity, It can also be observed that the probability ohgetof TIFR
average channel capacity per unit bandwidth impsove for dual-branch SC is higher than the probabilityoatage
In fig. 6, the average channel capacity per unitdvadth of OPRA with no diversity using [12].

uncorrelated Nakagami-0.5 fading channels is plots a )

function of 7, considering OPRA, and TIFR adaptatior®- Conclusions

schemes with the aid of (27), and (35). It showat,tfior | this paper, we analyze the average channel itspead
Nakagami-0.5 fadlng channel condition OPRA achiewes probabmty of Outage of dual-branch SC over unelated
highest capacity, whereas TIFR achieves the lovagsacity. Nakagami-0.5 fading channels for OPRA and TIFR sw®
As expected by increasing the channel capacity difference Closed-form expressions for the average channehcigp
between OPRA and TIFR adaptation scheme increasmsd probability of outage of dual-branch SC for @Péahd
slightly more in dual-branch SC since probabilifyootage TIFR schemes have been obtained. Numerically etedua
improves. results have been plotted and compared. It has foeerd
that by increasingy and/or employing diversity, average

: ‘ : channel capacity improves for both the cases OPR& a
—&— Dual-branch SC under TIFR . . . .
el —#— No diversity under TIFR " TIFR. But the amount of improvement is slightlydar in
—8— Dual-branch SC under OPRA case of OPRA. The probability of outage with duaddzh
*— No diversity under OPRA g SC under TIFR is higher than the probability ofame with
; no diversity using OPRA, even when average receSM&
y increases. It is very important to note that plolitst of

outage under TIFR scheme is not improved adequétaly

the probability of outage under OPRA even as duahth

SC is applied. This paper finally conclude that algdmi-0.5

fading channels using TIFR scheme remains in oufage
longer duration than using OPRA, even employingdiity

and / or increasing average received JNR

4
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