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Abstract — In this paper, the probability density function of
the Switch and Stay Combiner (SSC) output signal tooise
ratio (SNR) at one time instant and the joint probdility
density function of the SSC combiner output signato noise
ratio at two time instants, in the presence of Hoyfading, are
determined in the closed form expressions. The reks are
shown graphically in several figures and the evalu@n of the
various parameters influence, such as distributiopparameters
and decision threshold values, is given.
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information outage probability of OSTBC over Howgiding
channels has been studied. Also in [8] this modal Iheen
used in outage analysis of cellular mobile radistams,
while in [9] a capacity analysis of Hoyt fadingpsovided.

In wireless communication systems, various tectesqu
for reducing fading effect and influence of shadseffect are
used. Such techniques are diversity reception, rdima
channel allocation and power control. Upgrading
transmission reliability and increasing channel acity
without increasing transmission power and bandwisltne
main goal of diversity techniques.

Diversity reception, based on using multiple angenat
the receiver, space diversity, with two or morenbtees, is a
very efficient method used for improving systemimlity of
service, so it provides efficient solution for retlan of

through  wirelesssignal level fluctuations in fading channels. Mol

communications channels has received a great dial &ceived copies of signal could be combined onowuari

research interest [1], [2]. The rapid and randamattiations
of the signal envelope and phase in a radio chaarel
multipat

caused with two propagation phenomena:
scattering (fast fading) and shadowing (slow fafling
wireless communications the multipath fading is eled

by several distributions such as: Rayleigh, Ricakagami-

m, Weibull and so on.

Another distribution, which has recently

increased attention in modeling fading channelthésHoyt

ways. Among the most popular diversity techniques. a
maximal ratio combining (MRC), equal gain combining

KEGC), and generalized selection combining (GS{) Ht

their complexity of implementation is relativelyghi since
they require a dedicated communication receiverefach
diversity branch. On the other hand, among the lgimp
diversity combining schemes, the two most populee a
selection combining (SC) and switch and stay coinbin

received (SSC). Selection combining (SC) and switch and stay

combining(SSC) types of diversity systems process only one

(Nakagamig) distribution. The Hoyt fading model provides of the diversity branches, so they are less comigdt

a very accurate fit to experimental channel measangs in

a various communication applications, like mobittetiite

propagation channels [3], and spans the rangeeofatting

Switch and stay combining (SSC) is an attempt at
simplifying the complexity of the system but witbsk in
performance. In this case, the receiver selectartcplar

figure from the one-sided Gaussian to the Rayleigifntenna until its quality drops below a predetesdin

distribution [4]. Similarly, the Hoyt distributiorcan be

considered as an accurate fading model for satdlliks
with strong ionospheric scintillation [5]. Recentlg [6], an
ergodic capacity analysis is presented, and in tfi§
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threshold. When this happens, the receiver switdoes
another antenna and stays with it for the next tstu,
regardless of whether or not the channel qualitythatt
antenna is above or below the predetermined thigsfibe
consideration of SSC systems in the literature basn
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restricted to low-complexity mobile units where thember  P,. If the combiner examines first the signal at tingt input
of diversity antennas is typically limited to twd(-11].  and if the value of the signal to noise ratio & finst input
Furthermore, in all these publications, only predgon s ahove the tresholgy, SSC combiner forwards this signal

SSC has thus far been considered wherein the sngtcf o the circuit for the decision. If the value oktsignal to
the receiver between the two receiving antennésised on | .co ratio at the first input is below the treshpl, SSC

:n?grwqga(/lvsit%n aOf :ggeltgsr?mggetzlrjgsﬁ(l)\ll? %itsh?e(cji(t‘;ﬁgec combiner forwards the signal from the other inputthe
P : circuit for the decision, regardless if it is abawebelow the

reduction in complexity relative to SC in that the . X .
simultaneous and gontir?/uous monitoring of both tihas predetermined threshold. If the SSC combiner first
examines the signal from the second combiner input

SNRs is no longer necessary. . .=
The probability density function (PDF) of the SSC WOrks inthe similar way. . .
combiner output signal at one time instant and jtiet The expression for the probability density of the
probability density function of the SSC combinertpu qomblner output signal to noise ratio will be_de‘tmed
signal at two time instants in the presence of &g, first for the_ case <. Based on the worlg algorl_thm of the
Nakagami-m, Weibull and log-normal fading are SSC combiner in this case, the probability denisitgqual,

determined in [12-15], respectively. for y<p

In this paper the probability density function b&tSSC p,(»)=R-F () p,(N+R-F () p,(») D
combiner output signal to noise ratio at one timsant and
the joint probability density function of the SS@nebiner In the casey > 1 the expression for the probability

output signal to noise ratio at two time instantsthe density of the signal to noise ratio at the combméput is :
presence of Hoyt fading will be determined. Thenfoi

probability density function of the SSC combinertput P, =R-p,(N+RF,(r)p,(n)+
signal to noise ratio at two time instants is intpot when
the decision is based on multiple samples. +Rp, (1) +P-F (r)-p, () (D)

The remainder of the document is organized in the ) - .
following way: Section Il introduces the model tietSSC where y; is the treshold of the decision, and the cumulative

combiner is given and the probability density fumctof the ~ Probability densities (CDFs) are given by [17]:

SSC combiner output signal to noise ratio at ome tinstant "
is determined. Subsequently, in Section IIl, thentjo F, ()= Ipyi (x)ox, =12 3)
probability density function of the SSC combinertpad 0
signal to noise ratio at two time instants is chmd. In The probabilitied?; andP, are [17]:
fourth section the numerical results are presented. E
II. SYSTEMMODEL A= ¢ )
' Fyl(J/T)"‘ F;/Z(?/T)
The use of SSC combiner with great number of brasich
can minimize the bit error rate (BER) [16]. We detme F, (rr)
SSC combiner with two inputs because the gain & th PZ:FI— (5)
yl(]/T)+F;/2(}/T)

greatest when we use the SSC combiner with twotsnpu
instead of one-channel system. When we enlargauheder
of branches the improvement becomes less [16]. ratie
price/complexity is the best for a system with tiranches.

Because of that it is more economic using SSC coenbi 2 2\ 4
with two inputs. P, (r) = Q;i)exp[- (1+ o ) 71}0((1— o )VlJ

The probability densities of the SNRs at the corebin
input, y; andy,, in the presence of Hoyt fading, are [17]:

The model of this system is shown in Fig. 1. Ttgnal 0171 40,°7, 409,°7,
to noise ratios at the combiner inputs grandy,, andy is 6
the combiner output signal to noise ratio. nz=0 (6)
2
.-"’] p (72)= (1+ qzz)exp B (]_+ q22) Vs IO[(]__ q24)}/2J
— v & 20,7, 4Q22772 4Q22}72
2 S5C !
g — 7,20 (@)
—.. 2

where g, are Nakagami-q fading parameters, which range
Figure 1. Model of the SSC combiner with two inputs from 0 to 1 andy; are average SNRs for input channels

_ ) ) After putting of the expressions (4)-(7), (10) afid)
Let see how the SSC combiner with two inputs worksinto (1), the probability density of the signalrtoise ratio at
The probability of the event that the combinertfesamines  the combiner outpyt, is, for y <

the signal at the first input B;, and for the second input is
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o (s
p,()=R-20 o TTH) T T R e ! (10)
4 142 °l 102 4%, 1+q2 °|1+q2 4%,
2
(1+ qu) (1+ q22) V2 (1_ Q24)72 " (1+ q22) (1+ Q22)2 X (1— Q24)X
. —=exp - - Iy 5= + Frz(;/T):J. —~exp| — = |lo o= ldx =
20,7 40,772 272 o 2%z 49272 42’72
2 2 (1+q,? 2
20, | |1-q7 (L+a’) r _m 1af [rrod) 7 (1)
+P I : 1+ Q22 1+ q22 4Q227’2

2 ’ —
1+0,° °l 1+ a,° 2,7
) wherelg(k, X) is Rice’sl function [18].
(1+q12)ex (1+q12) 2 | [(1—q14)y1] 8) After putting of the expressions (10) and (11) i)
: - 0

20,7, e 4977, and (5), the probabilitieB; andP, are:
. . 2q2 1- qZ2 L+ qz2 T
. After putting of.t.he expressions (4)-(7), (_10) aﬁd) 140, 'e[1+q22'( 4qzz£y J
into (2), the probability density of the signalroise ratio at P.= AR o)
the combiner outpyt, is, for y > ¢ 20, |E[1‘ 9 B+ )7 J+ 20 |E[1— 9z &Y qzz,“]
1+ q, 1+ g, 4(11l 71 1+ q, 1+q2 4q2 72
2 2)\? 4 (12)
0.() P(1+0a)exp (1+Q1) 71 | (1—Q1)71 . ( y
y y)=n — - 2— 0 2— 2q, 1- q12 1+C|12 V1
20071 407 171 . 1+0q,° el 13 a’’ 497,
( 2)2 ’ 2q, | [1—0112’(1*'(112)271]_'_ 29, | [1_ qzzy(l*'qu)Z}/T]
2 1— 2 1+ ql Vas 1+ C|12 L1+ C|12 4C|12]71 1+ q22 L1+ q22 4C|22}72
L N e RAN 13)
1+ 1+ 40,71

The obtained expressions for the probability dgnsit
) ,\2 . function (PDF) of the output signal to noise ratéier
(1+q2 )ex (1+ d, ) Vo | (1—q2 )}/2 . diversity combining can be used to study the mosjethie

207, T a2 0 P amount of fading, the outage probability and therage bit
%72 U2 72 272 error rate of proposed system.
) Ill.  SYSTEM PERFORMANCES AT TWOTIME INSTANTS
2 2 4
p (1+ 0 )exp (1+Q2 ) 72 | (1—% )72 . The model of the SSC combiner with two inputs ab tw
2 = - - — time instants considering in this section is showirig. 2.
Q272 4%27 2 4C1227 2 9 )

The signal to noise ratios at the inputs ggeand y,; at the

first time moment and they aye andy,, at the second time
moment.

+P N N2
1+q l+q 4,7y
’ ’ 2 —> N 72
SSC
7217 ’
(1+ Oaz) ox (1+ (hz) 71 (1_ 1 )71 ©) =y
2011 40’7, 4.7,

Figure 2. Model of the SSC combiner with two inpat$wo time instants
The cumulative probability densities (CDFs) of the

SNRs at the combiner input in the presence of Haging,  1h€ output signal to noise ratios arg and y,. The
after putting of the expressions (6), (7), into, @ given indexes for the input signal to noise ratios airst fndex is
by: the number of the branch and the other signs tmseant
2 observed. For the output signal to noise ratios, ittdex

& (1+0a2) (1+Q12) x (1—Q14)X represents the time instant observed.
()= J. 20,7, eXpl - 40.27. 4975 - The joint probability density function of uncorrtdd
0 ! 7 L7 signals at the input, with Hoyt distribution andmsa

parameters, is [17]:
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2 2 2 4 T Vas Vas
D (rn7s) = (1+ R )ex _ (1+ G ) 71 | (l_ a1 )71 ) +Rp,, (r2) jpyﬁn(}’zzv}/ﬂdi/zz*’ Py Ipyzﬂzz(}’ a7 37 2| Py 7 17 Wy 1z
7172 V1 2 20, 74 4Q12771 4Q12}71 0 0 , 0
_p (1+ Q22)exp (1+ q22) 72 | (1—q24)72
2 -1 > - 2— 0 2 ’
(ea’) | (a) 7] ((ra)r (14) 2%/ 49,7, 2077,
2 exp| - lo - ) ,
71 40,7, 40,71 (1+0112) (1+Q12) " (1—q14)y1\ 2 g2 (1+Q12) "
“aan N win || wn wel | vl am, |
Modified Bessel function of the first kind is defid by
. 2
[19] ‘ (1"' 0(12) (1"' Q12) 72 (1— q14)72
Xz +P, —~exp| — 7= [ — |
i} X 1) 207, 40,7 471
-2 15
; klr m+ k+1) (1+CI22)ex (1+CI22)271 | (1_CI24)71) 2q, | 1—q22 (1+QZ2)2}’T N
Now we have four different caseShe first case is:  2%7 Wr |\ A7 el f|\ e A,

n<yrandy <. In this case all signal to noise ratios at the

input are belows ; i.e.,:.;/11< 7 Y2< i Ya< andyz< . (1+a?) (1+f412)2 2| ((+a)re 2q | 1-q2 (2 qlz)z "
Let the combiner first examines the signgl Because +h 20 ex = ' 207 l+q2|e taf  ap, |
<y, it follows that =7, and sincer< it is 1= yo. ! ' v ' ' v
The probability of this event ;. ) )
When SSC combiner first examines the signalthen  (1+a°) | (1+¢) n| ((1-a:)71] 2, a2 (wa?) .
7n=n1, becausen <. Sincey<i, then it isp=7y,. The 20,7, 49077, |°| 407, |19 ¢l wa2 4%,

probability of this event id,. After previous, the joint

robability density of the combiner output signal noise
P ; Y ; y ; b ; g ; (1+°a2) (1+Q12)2}’1 1“114 711 2q 1-qf 1+Q12)2}’T
ratios at two time instants; and y, is, by using expression 1p, "~ /ey L2, | —% s SAN
(14), for pn<yrandy <y 2047 4q°71 a7, J1+q1 a4y,
7T 7T ) )
pylyz(}/ly}/z): P J‘pyum(}’ll,}’z)difllj pyzhl(}/ 227 37 2 ~(l+q22)ex (1+q22) 72 | 1‘Q2 72) 2q, 1-q,° (1"'(122) T
0 0 20,72 40,7, ° 49,77, J]-‘Hh +qf ’ 4,7,
T T
17)
Py j 75)d j dy 1= (
2 J Py (V21,7 2) 7/21O Py 7127 24y 1= for y1< 7 and >
5 5 Vas
_ Pl(l+q12)ex _(1+q12) 2], (1_q14)72) 29 1-q Y(l+q12) Al Py, (11,72) = Pr- Ipyn(yll)dyll' P,y V27 2+
2a7, 4q%7, 47, |af ©| wal a4, 0
T Vay
o) [ eV n), (-0 zg | [1ca2 (w02 ). e e L
20,7, 4C|2272 ° 4%2}72 1+ Q22 ¢ :I-"'ClzzY 412272

7 7 2
+R- J‘pyn(721)d}’21' P yn(Y27 )+ P2 przi S 217 397 2| Py 7 1 W 1z

mﬁg{mfﬁl

2 0 0 0
1-q)y 2 1- a2 1qf) »
+R, 0 e |0[( 4q;) 1714—(412|e 1+Q12’( 4112)? T p % . 12 (1+0a)
1 471 171 J q; qs 171 1l+0ﬂ2 l+q1 0%,
5 2\2 2\2 2 2\? 4 2 2)?
(el o) fir o [ ] o £ o)
20,7, 49,7, 4Q2}’2 1+Qz 1+Q2 57, 202 2z 2z 2z
2
(16) +P 20, | 1-q,’ (1+q22) T
2 e J —
In the similar way we can derive the other joint N R YE
robability density functions. The joint PDF is,rfg>
gndh%y Y : PEIT ew) [ e ((adn)(e) [ (mads) ((radrs
2071 40,12;71 0 4(]12}71 J 207, 4Q12}71 0 4112?71

p;/l;/2 (}/l’ 7/2) = Pl' p;/22 (7/2) J‘p;/layll(}/lZ’}/J)d}/ 12+
0 (1— q14)72
447,

R

20171 40%7, 1+q7 R a4,

(l+ Oaz) exp[ (l+ Q12)2 72 I

24 [1—%2 (l+qf)zyr]_

7T 4
+R- J. pyum(hln?/z)d}’nj P,y o7 227 247 22+
0 0
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20,7, 40,%7, %, |1q2 | wq2 + ——exp| — = - =
272 U 72 49572 J +03 -+ 5 457, 2 07> 4q2272 0 4q22}/2 20,7,
2 2
+P (1+0a2)ex (1+q12) " | (1_%4)}/1\ 2%, 1-g’ (1+q12) Al (1+qzz)272 (1_QZ4)72
27 a’n || datn wal | wal 4l exp - 7= |lo |t
40,7 40,77 2
2 2
(1+qu)ex (ra) 7. | (-a:)r2) 2 le 1_q22,(1+q22) i (1“112) (1+q12)272 (1-a')7
20,7 40,7, 49,77, Jl"'qu gy 457, +P, ——exp| - - lo 2— '
20,7, 4071 40,71
(18)
for y2>yr andyz>yr: ) (1+q22)exp[ (1+q22)271 | [(l—q;)h) 2, | {1_%2 (1+q22)27TJ+
. , _
20.7. 2— 0 2 2e 2’
py172(71'72): P leﬂlz(yl’yZ)-‘— Py p722(72)_[p71i 11(7127 )y 1ot G272 40,72 4,72 Jl+Q2 q; a7,
0 2 2
" " 2 2q, 1- q22 (1+QZ ) 7T
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0 0 0
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+B-p,,,., (r172)+ By P, (72) jp;/zz}/21(72217/l)d722+ (l+q12)exp (1+Q12) ny, (1—%4)}’1)(1*'(112)
" ” ° ” 2071 a7, |°| 4 J 2047,
+R- jpy21(721)d721' P27 D+ P2 jpyﬂ W7 217 397 21| P, (7 1y W7 a7 2\2 4
0 0 0 exp (1+°a) 72 | (1_% )72 N
(1+ qlz) (l+ qlz)Z 71 (1_ Q14) 71) (1+ q 12) 4Ch2371 ° 4q1271
=R 20,7 on - 4%, 'o 497 ) 20,7, 2 2
1 1 171 1 " (l+ql2)ex (1+q12) " | (l—ql“)h} 2 1o (]_+q12) aal
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47 4017 (1+q22)ex (1+q22)272 | (1—%4)72) 24, | 1-q,2 (1+Q22)27T
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20,7 40,7, 49,775
2 2
(ra?) | (rad) | (1-a)71) 2, e (wa?) 7 . IV. NUMERICAL RESULTS
2647 47 4071 Jl“hz vl @, It is simple to present these expressions grafiaaing
) mathematical software, for example “MatLab”. Beea$
o 2q, | 1-g? (1+ of) T simplicity we supposed that the variances of bighals at
+ , - ’ the combiner input are equal.
T T P q
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(1+Q22)e o (1+Q22) "1 | (1_q24)71 (1+QZ2)
. — X —_ —
20,7, 49,7, 44,7 20,7,
2
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exp| — P | o +
40,7, 40,7 >
. (1+ql2)ex (1+C|12)272 | (1—%4)72) 2 | ]__q12 (1+q12)277 '
b2y 407, | dal )1*' a’ | was 4,

20,7, 40,°7, 49,77 J a2 | Hal 4,

e f s

IO[(l—qz“)yJ 2q, Ie[l_q; (1+q22)2}'r]+

Figure 3. Probability density function of the comdxi output signal at one
time instant for]71 =7, =1 0=G=05
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In the case we observe one time instant, Fig. 8, ththe SSC/SC combiner compared to classical SSC &nhd S
probability density function of the combiner outgignal to  combiners at one time instant.
noise ratio is determined as function of input algo noise
ratio y and the thresholds, for three different variance
values for the same distribution parameters in dras of
the receiver.

When we observe two time instants, Figs. 4-6, theé B
given versus input signals at two time instapt@nd y», for
different values of the distribution parameters ahe
thresholdy.

Figure 6. The probability density function of thentbiner output signal at
two time instants foy, = 7, = 05.y; = 05, 1=3=05

V. CONCLUSION

The probability density function of the dual braash
SSC combiner output signal at one time instantthadoint
probability density function of the SSC combinertpau
signal at two time instants are determined in cokem.
The obtained results are shown graphically foredéht
variance values and decision threshold values.

The bit error probability of digital telecommuniizat
systems in the presence of Hoyt fading can be ekl by
the probability density function. The system pariances
can be significantly improved using the samplingtab
time instants. The authors showed in an other woaked
on the results obtained in this paper, that theorerr
probability is significantly reduced if the decisimaking is
performed in two time instants. This fact showst ttie
results obtained in this study are very significemtfurther
research and application in the designing of ditsers
receivers.

Figure 4. The probability density function of thembiner output signal at
two time instants fory, = 7, =1,y, =1, h=0=05
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