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Abstract: In this paper, the average symbol error rate (ASER) with rectangular quadrature amplitude modulation
(RQAM) scheme has been analyzed over Rayleigh fading channels considering exponential correlation among the
input branches of an MRC receiver. Exponential correlation is noticed by the antennas placed in a linear array at
the receiver. The effect of correlation on the ASER for various levels of fading parameter as well as with different
diversity order has been observed.
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1. INTRODUCTION

Quadrature amplitude modulation (QAM) is a very useful modulation scheme for the high spectral efficiency
in wireless communications. QAM scheme cab be classified as rectangular QAM (RQAM), cross QAM
(XQAM) and square QAM (SQAM). RQAM is a common scheme, since it has SQAM, QPSK, BPSK,
orthogonal binary frequency shift keying (BFSK) and multilevel amplitude shift keying modulation schemes
as certain cases [1]. Rayleigh fading is useful in heavily built up urban environments. Rayleigh fading is
applicable when there is no propagation along a line of sight between the transmitter and receiver. Rayleigh
fading is a suitable model when there are many objects in the environment to scatter the radio signal before it
appears at the receiver.

The performance for RQAM scheme under different fading environments, have been reported in several
studies. In [2], an ASER expression was developed for cooperative diversity systems with RQAM scheme over
Rayleigh fading channels. The ASER expression is derived for RQAM technique under Nakagami- m fading
conditions in [3][4]. In [5], ASER analysis for the RQAM is expressed for MRC receiver over L independent
and identically distributed Nakagami- m fading conditions.

We give an ASER expression for an MRC receiver for RQAM scheme over exponentially correlated Rayleigh
fading channels. We apply the PDF based approach to obtain the expression of ASER.

2. CHANNEL MODEL DESCRIPTION

We consider an MRC receiver to improve the quality of the downlink information. In the MRC receiver, the
received signals from all diversity antennas are co-phased, multiplied by a weight factor proportional to the
branch SNR and add together to maximize the output SNR. The instantaneous output SNR y of the MRC

receiver is given by [6]
L
V= 27 - M
=

where, 7, is the instantaneous SNR of ["branch and L is the total number of diversity branches in the MRC

receiver. The receiving antennas are placed in a linear array due to space constraints, hence exponential
correlation is observed among the received signals. The correlation coefficient between i" and j" received
antenna is defined as [6] [7]

pi=p i j=12,.,L. ()

Performing RV transformation the PDF of output SNR of an MRC receiver can be given as [7]
1 Yoo (L), 3
)=y e 1L o

2 — T r7
R
r L
where, ; is the average input SNR in each branch of MRC receiver and, _ +2_P(L_1—PL], pis the
1-p 1-p

correlation among the input branches of MRC receivers and I' () is the Gamma function.

3. ASER ANALYSIS
The ASER, P, is defined as
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P = [R(el) 1, ()7 )

0
where p ( | 7) is the conditional error probability for AWGN channels and it is given for M-ary RQAM as [8]
P, (elr) = 20Q(ay ) +26Q(by ) - 402Q(ay )Q(by7 ). 5)

where, M =M, xM; wzl_[ij;éz:l_(i} 9(.) is the Gaussian 9-function; ﬂ:Z_Q; and
M, M,

_ , 6 : b=pa; d, and d, are the quadrature and in-phase decision distance,
Q I p
\/(Mf—l)+(Mé—1)62

respectively.

27°
Using exponential approximation of Gaussian Q -function, ie., Q(z)~ %e 2, 411e 3 [9]in (5), p(e| )/) is

—a’y —2a%y —b%y —2b%y
Pe(e|;/)=2a){%e 2 +%e 3 1+2§|:le 2 +‘lle 3 }

rewritten as[10]

a*+h? a* 2p? 2a* b? 2a%+2b?
—doré A [T]y+iei(7+7]y+ie7[T+7]y+iei[ 3 ]y : (6)
144 48 48 16
Substituting equations (3) and (6) into (4), we have
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The ASER expression in (7) has three integral terms and putting 5 2 ,it can be shown as,
NN
) 5
06
r )LL
Pe =V, +V, = V5. (8)
where,V, = BA,;v, = BA,,v, = BA, and from (8),
© |_727 iz}/ —2a%y
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Applying [11, (3.381.4)] and after simplification, one can express (9) as,
1 1 : (10)
) -+ T
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Similarly the derivations for v, and Vv, can be shown as,
1 1 ’ (1)

and,
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4. RESULTS WITH DISCUSSIONS

The mathematical expression of ASER
derived in section 3, is numerically
evaluated. The results are plotted for
different values of L the diversity order,
correlation coefficient p and different

values of f. In Figure 1, the ASER versus

average SNR is presented for 4x2 RQAM
and 8 x4 RQAM schemes with different L
values. In this figures, p=0.5 and =1
are kept constant. It is seen from the Figure
1, that with the increase in the values of
received antennas L at the MRC receiver,
the ASER performance improves. In Figure
2, the ASER performance versus Average
SNR is plotted for certain values of =1,

L=4 and varying values of correlation
coefficient p . Tt is observed that with the

increase in the correlation coefficient p , the
ASER performance of the receiver degrades
for both 4x2 RQAM and 8x4 RQAM.

In Figure 3, the ASER performance versus
Average SNR is plotted for 4x2 RQAM
and 8x4RQAM schemes by changing 3.
From the Figure 3, it is seen that the ASER
performance outperforms for # =1 than the
ASER performance with f=0.5 and
f=2. InFigure3, p=0.5and L =4 are
constant values. It can be noted from the
Figures that the ASER performance of 4 x 2
RQAM scheme outperforms 8x4 RQAM
scheme. Thus, as expected the ASER
performance improves with increase in
diversity order and decreases with increase
in antenna correlation.

5. CONCLUSIONS

In the paper, we examine the ASER
performance of an L -branch MRC receiver
system with RQAM technique, under
Rayleigh fading channels. Closed form
formulation is derived for ASER, which is
obtainable in mathematical software. The
evaluated results of the expression have
been plotted to illustrate the effect of
correlation and number of received antennas
ie, diversity branches on the receiver
performance.
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Figure 1: ASER vs. Average SNR (;) of 4x2 RQAM and 8x 4
RQAM with p =0.5and f =1.
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Figure 2: ASER vs. Average SNR (;) of 4x2 RQAM and 8x 4
RQAM with f=1andL=4.
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Figure 3: ASER vs. Average SNR (;) of 4x2 RQAM and 8x 4
RQAM with p=0.5and L =4.
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