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Performance Analysis of 2D-RAKE Receiver over Correlated
Nakagami Fading Channel
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ABSTRACT

The average bit error rate (BER) performance of 2D-RAKE receiver, operating in a comelated Nakagami fading
channel, is analyzed. The analysis assumes correlated fading between the array elements with identical fading
parameters but with unbalanced average signal-to-noise ratdo (SNR). And independent but non-identically
distributed frequency-sclective fading channel with different fading parameters Is assumed. The analyses show that
fading correlation, delay profile, average SNR distribution, and fading parameters of combined branches affect the
overall performance of 2D-RAKE recelver.

Nakagami fading channel, usually the analyses are
limited to maximal ratio combining (MRC) with
correlated branches™, Recently, we have analyzed
a BER performance of 2D-RAKE receiver in an
arbitrarily  correlated Nakagami channel by

I. Introduction

Among the applications of adaptive array
antenna to CDMA systems, 2D-RAKE receiver

that exploits space and time domain structure of
the received signal is known as a very suitable
structure for CDMA". A number of works have
analyzed the BER performance of 2D-RAKE
receiver, which are always limited to the case of
correlated Rayleigh fading”. In the case of

deriving an approximated SNR probability density
function (PDF) of 2D-RAKE receiver”,

In this paper, we present an exact performance
analysis of 2D-RAKE receiver, which corrects
some approximate results of [3]. Furthermore, the
analysis takes into account gemeral cases such as
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unbalanced average SNR distribution of combined
diversity branches and non-identically distributed

froquency-selective channel with different fading -

parameters.

I. Performance analysis

Consider a 2D-RAKE receiver composed of
L-RAKE branches with K-clements antennn array
for each RAKE branch. When 2D-RAKE receiver
employs MRC in space and time domain, the
instantaneous SNR 7, at the output of 2D-RAKE

receiver is given by

= Frm 3 S W

where y,, represents the instantancous received
SNR on the kth array element of the kh RAKE
branch. In Nakagami chennel, y,, is Gamma
distributed random variables with the PDF of

mia=l
[ M\ Y My )
Pra ( TM) Im, ) exp( Tih T) @
where m,, and 7,, are the fading parameter

and average received SNR, respectively. And I()
is the standard Gamma function. Let us assume
correlated fading between array elements with
identical fading parameters but with unbalanced
avetage SNR, namely, m,,=..=m y=m, and

7% 71a%..+ 7,5 for any fixed index I,

From the chamcteristic function of K-variate
Gamma distribution whose marginal PDFs are
glven by  (2), the characteristic function of 7,
which is the sum of correlated Gamma distributed
random variable y,,, can be obtained as follows

OLf =| 1-j6 Rif ™ 3)
= LA™

where I, R, and &, are K xK identity matrix,
cotrelation matrix of /th path, and diagonal matrix
defined as &= diag{ 7,,/m;, ... 7,x/m}, respect-
ively. And 4,, are cigenvalues of o, R,
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Let us assume independent but non-identically
distributed  frequency-selective  channel  with

 different fm’iing parameters, that is to say,

and 7=y e And
non-identical correlation matrices along the RAKE
branches are assumed. Then the characteristic
function of 7, is given by

o0 = [T fla—s0 @

= -y

myEmyE.. Fm,

where A o amrx™ {'G} dm (1= 1K+ and

{’;':} A= (= DKHL K T
Based on the approach of the work, the
expression for the PDF of y, can be derived by

inverse Laplace transform of (4) as follows

- ooa[gﬂtm“(ﬁ“,t)—ty]
L+

(D= [, ®

The average BER is obtained by averaging the
conditional bit error probability over the PDF of
y, given in (5). For coherent and non-coherent

demodulation, we have

P,= j;mﬁ 1+ (597 ™"
o .
m[ﬂmm ‘(X;t)]-“—““im—én‘“n(ﬂaz)l )

+ sm[ ‘ﬁ\ mgtan “l(fdz‘)]

[1 (F+d) ]]

where a=0.5 for frequency shift-keying (FSK),
a=1 for phase shift-keying (PSK), b=0.5 for
coherent detection, and b=1 for non-coherent
detection. The analyses are focused on the case
of coherent PSK case (q=1, 5=0.5), but the
analyses for other modulation type and detection
mechanism can be obtained by proper choice of
coefficients a and b.

H. Performance analysls under
various conditions

Consider exponential and constant correlation
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models, defined as R{i)=p " and R(ij)=
respectively. RAi D
denotes the element of ith row and jth ¢column of

R,. The distribution of average SNR along the

RAKE branches is assumed to be represented by
the exponential power delay spread (PDS) model

1(i=3), p,( otherwise),

defined as 7,,= 7e~ " where ¢ and 7,, are
decaying constant and the average of { 7.}, , ,

for fixed index [, respectively. And 7, is an
average SNR of one-dimensional RAKE receiver,

namely, g Tior

10° S .

Awcrage bit error e, P,

18

0 5 1
Average SNR of one dimenslonal RAKE rncmvarﬁo [dB]

Fig. 1 Comparison of exact and approximate average BER
for exponential correlation model

: Exact, -+reor; Approximate (Ref. [3])

@) K=2, p=0.30/=1,2,9), (i} K=2, p,=0.70+1,2,9

(ii)) K=4, p,=0.30/=1,2,9,(v) K=4, 5,- 0.7(/=1,2.3)

Fig.1 compares average BER of our cxact and
approximate as a function of 7y, for (o}, , "
03, 07 and K=2, 4 when Le3, =0, and
{m},_,,,~1. Exponential correlation model and
SNR { 7,.}

assumed. While the approximation is very good in

balanced average 70 are

t—1 K -
case of relatively weak correlation, overestimates
of the SNR for a given BER increase with the
SNR and with the level of correlation but still
quite small. For B,=10 !, the approximation
gives an SNR overestimate of about 1 dB.

Fig.2 shows the effect of unbalanced SNR among
the combined antenna elements and non-identical
fading parameters along the RAKE branches for
k=2, 4 with exponential correlation model when

L=3, (e}, ,,,0.5, and s=1. Comparisons show
that unbalanced SNR degrades the BER due to the
loss in diversity gain and the effect of non-identical
fading severity on the BER is very large. This
result indicates that the effect of unbalanced SNR
and non-identical fading severity should be taken
into account for accurate prediction of the
performance of 2D-RAKE receiver.

Aversge bit emor oz, P,

0 5 10 _
Avorage SNR of one dimensional RAKE teceiver, vy, [dB]

Fig. 2 Average BER for non-identical fading pammeters
along the RAKE branches and unbalanced SNR
() K=2, (ii) K=4

D {my, my, myd={1,1,1},( _7’“),_1‘ K’ o

"""""" Doy, my gk = (2,15, 140 70}, o= T
T D g myd = 12,15, 10,0 71 - = 0.5 e

{ 70 i e " 1.5 700

109 — T -

Avexage bt eour mic, P

100 |

10~1D‘ i n . : i % 1
-6 0 -1 10 15

Average SNR of one dimensional RAKE receiver, v, [dB]

Fig. 3 Average BER for exponential and constant correl-
ation model and varlous values of correlation

cocfficients

: Exponential correlation
------------ : Constant correlation
(i) K=4, (o, 0, 0} =1{0.5,0.3,0.1}
(i) K=4, (0, py. 00} = {0.9,0.7,0.5)
(i) K=8, (o056~ 10.5,0.3,0.1}
(iv) K=8, (o, oy, 0, = 10.9.0.7.0.5)
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Fig.3 shows the effect of correlation model for
the cases of {g,, 0, 0}={0.5, 0.3, 0.1}, {09, 0.7,
0.5} and K=4,8 when L~3, {m},_, ,.~1 and
d=0. Comparisons show that the difference
between the BERs for -different correlation model
becomes larger as the correlation coefficient and
diversity order increase. And for a given
correlation model, larger correlation coefficient
makes larger variation among ¢igenvalues of
comrclation matrix, which leads to lower diversity
gain.

Fig.4 shows the effect of decaying constant 4
on BER petformance for the cases of =0, 0.5, 1
and K=1, 2, 4 when Le3, (m),_ and
{0, 00,0109, 0.7, 05} for exponental

17 Ar

correlation model. 8=0 is equivalent to constant
PDS model, which has superior performance of
peth diversity to other 4=0.5 and s=1 cases. 4
reflects frequency selectivity of the channel and
therefore the smaller & is, the larger gain of path
diversity is obtained. The effects of fading
parameter, average SNR disttibution, and fading
correlation of combined diversity branches on the
BER performance indicate that the perfotmance of
2D-RAKE  receiver highly depends on its
deploying environment.

Avueg:&a:nm:.!.

-5 0 -] 10 18
Average SNR of one dimeacional RAKE receiver, 7 (48]
Fig.4 Average BER for various values of decaying constent 4
am(

&=0.5
TAT Al Am]

@ K-1, (i) K=2, (ili) K=4
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V. Concluslons

In this paper, the average BER performance of
2D-RAKE receiver, operating in a correlated
Nakagami fading channel, is analyzed. The
analysis assumes correlated fading between the
array elements with identical fading parameters
but with unbalanced aversge signal-to-noise ratio,
And independent but non-identically  distributed
frequency-selective fading channel with different
fading parameters is assumed. The analyses show
that fading correlation profile, average SNR
distribution, and fading parameters of combined
branches affect the overall performance of
2D-RAKE receiver and therefore have to be taken
Into account for the accurate evaluation of the
performance of 2D-RAKE receiver,
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