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Introduction

In the paper [1] the outage probability of the MRC
combiner output signal in the presence of Rice channel and
big interference power is calculated. In the paper [2] M-
QAM signal in the Nakagami channel, with MRC
combiner, is considered. In [3] and [4] the Hybrid
Selection/Maximal-Ratio Combining in Rayleigh Fading is
used.

In this paper the MRC diversity system with two
branches will be considered. The predetection MRC
combining will be used. The statistical characteristics of
the combiner output signal at two and more time instants
will be determined. These characteristics are important
when the signals at the combiner input are correlated. The
signals at the combiner input are correlated when the
Gaussian noise at the diversity system input is correlated.
Because of that the determination of the joint probability
density function of the signals at two time instants is
necessary. In the paper the probability density function of
the combiner output signal at two and more time instants
will be calculate. The joint probability density function of
the signal and its derivative at two and more time instants
will be calculated also.

The characteristics of the combiner output signal at
two time instants

The MRC diversity system with two branches is
observed. It is shown at Fig. 1. The signal at the combiner
output will be derived at two independent time instants t,
and t,. SNR on the combiner output is y; at time instant t;
and v, at time instant t, SNR at the first antenna output, at
the moment t,, is y;;, and at the second antenna it is y,;. At
time moment t, SNR at the output from the first antenna is
Y12, and from the other is y,,. Their joint probability density
function is known. This is valid for the SNRs y,; and vy,
also. The SNRs v;; and v,; are corelated at the same time
instant and their joint probability density function is
known. That is valid for the SNRs v, and y,», also.
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Fig. 1. The MRC diversity system with two inputs at two time
instants

The MRC diversity system is observed. For this
sheme of the combining the SNRs y; and y, are:

1=r1 720,

Y2 =712+722- (1)
From these two equations we have:

i =7r1-721>

M2=72~"72- (2

The joint probability density function of the variables
v1 and y, is:

Py, (71572) = [drar[dyay

x p}/11712}/21]/22 ()/1 _72177/2 _7/22’7217722)
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The derivatives of the variables y, and v, are:
n=rntras
Y2=712+72- “)

From the previous equations it is:
m=rn-ra.
M2=72-72n- (5)

If the joint probability density function of the
variables  711,712,721-722 and their derivatives
7115712721722 18t
Do 127217071 i atins P11 V125 Y215 Y222 P10 122 P21 722 )



the joint probability density function of the variables
V1s71>74» 7, 18 then:

Dyiirars 1:71:72:72) = [dya1 [dyan [d7a [diay x

* Primararaaiiaiaiz (1 =721.72 = 722,721,722

(6)

The joint probability density function of the variables
v1 and y, is:

PL= 72172 = 722721 722) -

Py, (1:72) = [d7a1 [dya

The diversity system with L branches is shown at Fig.
2. At the time instant t; SNRs at the antennas output are

Vi1s V2105 11» and at the time instant t, they are

Vizs¥anss¥1s- SNRs at the combiner output at time
instants t; and t, are:

n=rua*trat-+tr,
Vo=v2+trantotvn. (®
SNRs ,, and y,, are:
Yin=71=721 "~ VLl
Yi2=V2—Y2n— VL2 ©
o—— T T
o Tp
V17YZ
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Fig. 2. The MRC diversity system with L branches at two time
instants

The joint probability density function of the variables
v1 and v, is:

Pyirs (7/1,;/2)=fd721 e fdyL %

X Prinarira-rura (1 =721 ==ru,
Vo=V = V221,722 VL7 12 )
Py7s (r1.72)=[drar - JdyLa pyll,712,721,722,,..,;/|_1,;/|_2(71 2 Bl (R

V2=V 7T V2 Yo Yazse s YL V12 ) (10)

In the previous expression

p7117127/21722"'7L17/L2 (7/] 157125721,7225 7/L1,7/L2) is the
joint probability density function of the variables
Vi1s V125 Va1 Vaase-s Y115 Y12 - The joint probability density
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function of these variables
1712572157225V L1 VL2 1SE

and theirs derivatives

Prirararaa-riiraiiiiziaa-irLe (711’712’7/21’
Y22 e VL1 VL2 P11 P12 7215 7225 L1 FL2 ) -

The derivatives of the variables v, and y, are:

n=rtra ot

V2=V i+t (11)
From the previous relations it can be obtained:

m=n-ra--7ru>

M2=72-7n2~~7L2- (12)

The joint probability density function of the variables
1 and v, and theirs derivatives is

p717172}}2 (71’}}1’}/2’}}2):Jd7/2]fd73] Id}/Ll
x [dy [dys;

x [dyy [dysy --[dyy - [dpap [dyay - [dy s x

X Py 1721---7L1712722~--7L2711721---7L1712722---7L2(

Y1 =021 = VL2017 L1:72 —YV22 — T VL2
Y225V325 V1271 = V21 = = VL1>
Paloes PLLs P2 —F20 = = FL2s 7225 7300 712 ) - (13)

The characteristics of the combiner output signal at
more time instants

The diversity system with L branches is shown in Fig.
3. SNR at the combiner output is observed at p time
instants. The SNRs at the time instant t;, are

V115 Va0 Y» at the time t, they are
ViasVyss¥1s» and at the time instant t, they are
Y1psVapss ¥ 1p - The joint probability density function of
these variables is:

instant

Priiar-runaraz-ria-1pr2p-7ip (7/11’721""’“1’

71277227”"7/L2""771p77/2p9""7/Lp)'

oM o - Y,

o Ty Ty o T B
15V p

oy Y2 - Y

Fig. 3. The MRC diversity system with L inputs at p time instants



SNRs at the combiner output are:
Nn=ru TVt ot

Vo=V tVnt ot ),

Vo =Vip TV TtV (14)
Now it follows from the previous:

=V = Va "

Yo =Va =V """

Vip=Vp = 7Vop = Vip- (15)

The joint probability density function of the variables
11, Y2 and yp is:

pylyzu.yp(71:72a~--:7p): [dyy [ dysy - [dy [dyy,[dys, -

e Jdya[dyyp fdysy o [dyg, x

VL Y21 V1o Y2 T V22 T T VL2 Y220 VL2

Yo —Vap =" = FipsVapseosVip) (16)

The joint probability density function of the variables
%, M=1,2,...,.L; n=1,2,...,p and theirs derivatives is:

p711721---7L1711721---7L1}’12722---7L2712722---7Lz---71p7zp---7Lp71p}}2p---
Ty (7’11»721»---J/Lla?’n:721:---,7L1,712»722a-~a7L2a
7/123722"-->7/L2""’71pa72pa-~~a7Lp:7/1p’72p’--->7/Lp)-

SNRs at the combiner output, y;, v, i vy, and theirs
derivatives are:

V=TtV totry

(17)
71 :7}11 +7}21 +""H}Ll
Vo=V TVt otV

(18)
72 :712+722+'”+7}L2
7p :71p+72p+'“+7Lp

(19)
7}p :7}1p+7}2p+"'+7Lp

From the previous equations it is obtained:

Yu=7rVi=7Yua =" "7u

(20)
7}11 :7}1_7}21 _"'_7L1
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Yo=V2= V"7
21)
Vo =V2=Vn = "7
]/Ip:}/p_yZp_'“_}/Lp
(22)
]}Ip:}}p_j}Zp_'“_}}Lp
The joint probability density function of SNRs

Vro¥s vy, and their derivatives 7,,7, ..., 7, is:
Dot V15725 Y psF1s P2 P )=
= [dya1[dyai [dysi [dysy - [y [dyg x
x [dyx [dyp[dysy [disy - [dyp [dys
"'Id72pfd72pfd73pfd73p "'JdVLpfd7Lp x

p711721“'7L1712722'“7L2“'71p72p'“7pr11721'"7L1y12722“'7L2“'71p72p“'

P (1 =721 = = =VLis T2t YL V2 = P22 = = VLo
V22573255V L2 ¥ p ~V2p — T VLpsY2poVLps
Y1=721 = =YL 721 VL
V2=V =T VL2 V225 V30 V2o

Yo —Fap— = PLpsFapsatip)- (23)
Conclusions

In this paper the diversity system with two and L
branches and predetection MRC combining is considered.
The statistical characteristics of the signal at the combiner
output at two and more time instants are derived. These
characteristics are important when the signals at the
combiner input are correlated in time. That is the case the
Gaussian noise at the combiner input is correlated. Because
of that it is necessary to determine the joint probability
density functions of the symbols at the input at two time
instants.

The probability density of the signal at the combiner
output at two and more time instants is calculated. The
joint probability density of the signal and its derivative at
the combiner output at two and more time instants is
calculated also. The autocorrelation function at the
combiner output can be calculated by the joint probability
density of the signal at two time instants. The spectral
power density can be calculated by the autocorrelation
function if we wuse Winer-Hichin theorem. The
autocorrelation function and the spectral power density are
the Fourier transformation peer. The joint probability
density function of the signals and theirs derivatives can be
used for the different coded signals calculations, also.
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The MRC diversity system with two and L branches will be considered. The signal at the combiner output will be observed at two
and more time instants. This is important in the case the noise is correlated. The joint probability density function of the signal at two
and more time instants will be calculated. The joint probability density function of the signal and its derivative at two and more time
instants will be calculated also. IlI. 3, bibl. 4 (in English; summaries in English, Russian and Lithuanian).
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Amnammsupyetcs cuctema guBepcudukanun MRC ¢ qBymst Beixogamu. CHIHAII Ha BXOJIE CyMMHPYIOIIETO 3JIEMEHTA HCCIEIYETCS B
IByX U 00Jee MOMEHTaxX BPEeMEHH. DTO Ba)KHO, KOTJa TOMEXH MMEIOT KOPPEISINOHHBIN XapakTep. Beraucnsercss cymMmmapHast GyHKIUSL
IUIOTHOCTH BEPOSTHOCTH CHTHajla B Pa3IMYHBIX MOMEHTaX BpEMEHM. Takke BBIUHCISCTCS CyMMapHas (QYHKOUS IUIOTHOCTH
BEPOSTHOCTH CHUTHAJIA M €T0 Mpou3BomHOHN. M. 3, 6ubim. 4 (Ha aHrIHicKOM sI3bIKe; pedepaTsl Ha aHIIIHICKOM, PyCCKOM U JIUTOBCKOM
s13.).

D. Krsti¢, M. Stefanovic. MRC diversifikavimo sistemos i$é¢jimo signalo statistinés charakteristikos / Elektronika ir
elektrotechnika. — Kaunas: Technologija, 2007. — Nr. 1(73). — P. 45-48.

Nagrin¢gjama MRC diversifikavimo sistema su dviem ir L iSsiSakojimy. Signalas sumuojanciojo elemento i¢jime nagrin¢jamas
dviem ir daugiau laiko momentais. Tai svarbu, kai triuk§mas yra koreliacinio pobiidzio. Apskai¢iuojama bendra signalo tikimybés
tankio funkcija jvairiais laiko momentais. Taip pat apskaiiuojama bendra signalo ir jo iSvestinés tikimybés tankio funkcija. Il. 3, bibl. 4
(angly kalba; santraukos angly, rusy ir lietuviy k.).
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