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Abstract

This paper derives the symbol error rate (SER) for quadrature amplitude modulation (QAM) with L-fold
selection combining (SC) space diversity in Rayleigh fading channel. No analysis has been reported yet for
theoretical SER performance of QAM with SC space diversity in Rayleigh fading channels, The formula is
obtained by averaging the symbol error probability of M-ary QAM in an additive white Gaussian noise
channel over the distribution of the maximum signal-to-noise ratio among all of the diversity channels. By
giving the order of diversity, L, and the number of signal points, M, we have been able to obtain the SER
performance of QAM with general SC space diversity. Analytical results show that the probability of error
decreases with the order of diversity, We can also see that the incremental diversity gain per additional di-
versity decreases as the number of branches becomes larger.

1. introduction

Digital cellular systems have been widely devel-
oped to provide mobile communication service,
With the increasing demands of the service, an
important topic is to use a spectrally efficient
modulation technique to raise the spectrum ef-
ficiency in the limited frequency bandwidth. Qu-
adrature amplitude modulation (QAM) is an eff-
ective technique to achieve high spectral effci-
ency in additive white Gaussian noise (AWGN)

channel, Also it is a good candidate for high
spectral efficiency in a Rayleigh fading channel
with channel state information (CSI).

In order to achieve high spectral efficiency in
the land mobile communication system, Sampei et
al. [1,2,3] have introduced M-ary QAM with
two-branch maximal ratio combining (MRC)
space diversity and they have employed a pilot
symbol assisted method (PSAM) to obtain the

CSI. Space diversity is a well-known technique to
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combat multipath fading in mobile radio commu-
nications. As a result of computer simulation and
laboratory experiments, they have obtained a de-
sirable performance of QAM with MRC space di-
versity based on the PSAM channel sounding
technique. By the way, their theoretical analysis
has been limited only to the QAM with two-br-
anch MRC space diversity. In [4], Kim et al.
have extended the order of diversity to the gen-
eral MRC space diversity. However, no analysis
has been reported yet for theoretical symbol error
rate (SER) of QAM with selection combining
(SC) space diversity in Rayleigh fading channels,

In this paper, we derive the expression of the
symbol error probability for QAM with general
SC space diversity in Rayleigh fading channels,
The formula derived is obtained by averaging the
symbol error probability of QAM in AWGN chan-
nel over the distribution of the maximum
signal-to-noise ratio among all of the diversity
channels. The main advantages of SC diversity,
in which only one signal at a time coming from
two or more spatially separated antennas is con-
nected to a detector, are its relative simplicity
and lower cost, since it needs only one receiver,
regardless of the number of antennas employed.
On the other hand, MRC requires the use of the
same number of receivers as antennas and is more
complex,

This paper is organized as follows. Following
Introduction, the probability of symbol error of
QAM for SC space diversity is derived in Section
II. Some results are discussed in Section I and
Conclusions are made in Section IV,

II. Probability of Symbol Error

Let us consider only the rectangular signal sets,
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For such signal structure, the M=2* signal points
result in a symmetrical form of QAM when k is
even. In this case, QAM can be viewed as two
separate pulse amplitude modulation signals impr-
essed on phase-quadrature carriers. The pro-
bability of symbol error for M-ary QAM signals in
the AWGN channel can be expressed as [5]

where

erfc(x) z—j-”—fexp( —2)dt,

The frequency nonselective channel results in
multiplicative distortion of the transmitted signal.
The condition that the channel fades slowly
implies that the multiplicative process may be
regarded as a constant during at least on signaling
interval. For a fixed attenuation o, (1) can be

repr- esented as

Phnon(¥s) =2 ( 1

We view (2) as a conditional symbol error
probability, where the condition is that « is fixed,
To obtain the error probability when o is random,
we average P, over the probability density func-
tion (pdf) of 7,. That is,
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where P(7;) is the probability density function of
¥» when « is random,

In SC [6,7], This scheme is to select signal
with the largest instantaneous power from the L
branch signals coming from the different ant-
ennas, It is assumed that the received signal has
a Rayleigh fading envelope. This is a reasonable
assumption for the case in which the transmitted
signal is reflected by a multitude of scatters
surrounding the received antennas, It is also ass-
umed that the signals coming from the L differ-
ent antennas are statistically independent and
identically distributed (iid) random processes.
This assumption will be true if the spatial
separation between any two antennas is greater
than half a wavelength of the carrier singal.

Now we evaluate the symbol error probability
in a traditional way by averaging the result for a
time invariant channel over the distribution of the
maximum SNR among of the diversity receptions.
The probability density function of the maximum
selection SNR over L iid diversity paths is
well-known, Let z be the maximum SNR. The
mean of each branch signal is assumed to be
equal. Under these conditions, the pdf is given by
(6]

P,(z) =L (1—g /)Ll g2/
Vs

_ Ll Ll e
=5 ;0( DXy e 4)
Let us transform (2) into another form,

vM

Pown = X (VM + 1) =2 erf (V)
—(VM=1)er (/B )} (5)

where

3k
b= 2(M—1)

Then, (3) is obtained by
Pifaa =$ (WMD) -2, - (WM=-1)13}

(6)

—Lyiopr By —(k+1)% /s
b= s DA% ), erf (Vpm)e dn(,7)
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In deriving (8), we make use of the mathematical
formula in [8].

[, Results and Discussion

In this Section, the SER performance of QAM
with SC space diversity is obtained from (6).
(Fig. 1) shows the SER performance of 16QAM
with SC space diversity in Rayleigh fading
environments for L=1~8 [(Fig. 2) shows the
SER performance of 64QAM with SC space di-
versity in Rayleigh fading environments for
L=1~8. From figures 1 and 2, we can see that
the probability of error decreases with the order
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(Fig. 1]

of diversity. The results illustrate the advantage
of diversity as a means for combating the fading
phenomena. We can also see that the incremental
diversity gain per additional diversity decrease as
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(Fig. 21 Performance of 64 QAM with SC space diversity in Rayleigh fading channels.

the number of branches becomes larger,
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In this paper, we have analyzed the symbol er-
ror probability for QAM with general SC space
diversity in Rayleigh fading channels. By choos-
ing the order of diversity, and the number of
signal points from the derived formula, we can
obtain the SER performance of the QAM with
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IV. Conciusions
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SC space diversity in Rayleigh fading channels.
Analytical results show that the probability of er-
ror decreases with the order of diversity. We can
also see that the incremental diversity gain per
additional diversity decreases as the number of
branches becomes larger. By giving the order of
diversity, L, and the number of signal points, M,
we have been able to obtan the SER
performance of QAM with general space diver-
sity. We can also obtain the SER performance of
quadrature phase shift keying with SC space di-
versity in Rayleigh fading channels from the de-
rived formula by setting M=4.
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