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fading channel with the unequal average branch power ratio
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ABSTRACT

This paper proposes the performance enhancement scheme of a simple transmit diversity (STD) at Rayleigh
fading channel with the unequal average powers on diversity branches. In the proposed STD system, the
signal-to-noise ratio (SNR) of received signals on each diversity branch is estimated and then the signals, whose
estimated SNR is larger than the specific SNR threshold value, are only selected for STD combining. First, the
specific SNR threshold values, which give the best performance at the given SNR for the various unequal
average branch power ratios, are investigated. Second, the average bit error rate (BER) of the conventional and
the proposed STD system is analyzed numerically and compared in terms of the unequal average branch power
ratio and the SNR. Numerical results show that the performance of the proposed STD system is better than that

of the conventional as the unequal average branch power ratio increases.

I . Introductio satisfied by introducing the multiple transmit

antennas to base stations. This scheme is called

The antenna diversity is the effective technique the transmit diversity (TD). Many TD schemes,
to mitigate the effects of fading in a mobile radio such as Space-Time Spreading (STS) and
channel [1]. In the third generation cellular Orthogonal ~ Transmit  Diversity (OTD)  for
communication  systems, the better quality, synchronous  IS-2000  wideband system and
coverage and the small and lightweight mobile Space-Time  Transmit Diversity (STTD) for
handsets are required. These requirements can be asynchronous WCDMA  system, have been
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proposed [2-3]. Also a simple transmit diversity
(STD) scheme, which is similar to STTD/STS
scheme, using two transmit antennas and one or
two receive antenna was proposed by Siavash M.
Alomouti in [4] and shown that the average bit
error rate (BER) with two transmit antennas and
one receive antenna is identical to that of one
transmit antenna and two receive antennas. MRC
scheme was considered in the receiver. But the
BER performance of the above diversity systems
has been analyzed on condition that the diversity
branches have the equal average power gain. This
condition gives the lower bound of the
performance. However, the received fading signals
from different transmit diversity antennas are
partially correlated and furthermore, their average
powers are not equal.

So, this paper presents the performance analysis
of the conventional STD system when the
received faded signals have the unequal average
branch power gain. The conventional STD system
shows the degradation of the performance as the
unequal average power ratio increases. In addition,
this paper proposes the new STD system to
mitigate the performance degradation by the large
unequal average power ratio. Very low received
power signals seem to be noise and combinations
of those signals degrade the performance. In our
proposed system the proposed selection block
rejects these signals. To design the selection
block, the optimal specific SNR threshold values
are investigated at given SNR for various
conditions through the simulation. Performance
simulation results show that the performance of
the proposed STD system having the optimal
specific SNR threshold at given SNR is better
than that of the conventional STD system in the
case of a large unequal average branch power
ratio.

The rest of this paper is organized as follows.
In Section II and III, the performance of the
conventional and the proposed STD system are
analyzed respectively. In  Section IV, the
simulation results are presented. Section V

contains conclusions.

Copweight (C) 2003 NuriMedia Co., Ltd.

II. Average BER analysis of the
conventional STD system

In this section, the numerical performance
analysis of the conventional STD system is
presented in terms of the unequal average branch
power ratio (R) at Rayleigh fading environments.
Conventional STD system is depicted in Fig. 1.
Following [4], a complex baseband representation
of the systems is used. The two channels are
referred to as channels 0 and 1 with complex
gains ;= a,exp(jd,), i={0,1}, respectively, where
@y and ¢, are Rayleigh random variables (RVs)
and ¢, and @, are uniform RVs in the interval
[0,27]. The data bits to be transmitted are
independent, each taking on one of two
equiprobable values. Coherent BPSK modulation is
assumed so that the transmitted signal amplitude
is either VE, or -\VE. Also the perfect channel
estimation is considered and the sum of the two
branches’ average power is normalized to 1,
namely @+ a,'=1, where ¢ and &,
represent the average power of channels 0 and 1,
respectively. Define the parameter R as the
average power ratio of the two diversity branches,

9 —

R=a,°/ @’. Then the ¢ and &, are
rewritten as  ¢,’=1/(1+R) and a,'=R/(1+R).

Very slow, independent rayleigh fading signals,
where the fading gain is constant during the two
consecutive symbol periods, are assumed. The
received signals », and 7, can be written as
ro=C(soho+s1h)+mny, and »r,=(—sihy+soh)+ n,,
where the pairs s, and s, in #;, are the BPSK
symbols which sent from antenna 1 and antenna
2 in first bit time (¢=1¢) and the pairs —s] and
sy in 7, being in second bit time (¢=¢+ 7),
respectively. And ;= n, /+jn,, are the samples
of  independent

complex  gaussian  random

variables, with each power spectral density
=N, /2 in the real and imaginary part.

After the perfect channel compensation and
STD combining, resulting signals relative to the
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Fig. 1 Conventional STD system

decoding of s, and s, are s,=#ky+ |k, and
s,=rh,—r1hy. The decision random variables
are denoted by D, for the first symbol s, and
D, for the second symbol s, and expressed as
Dy= Re(sy) = sya + sy’ + ay( ng;cos 6y + ngesin 6;)
+a,(ny;cos 6, + nyosin 6,)

D, = Re(s,) = s,a} + s,a5 + a,(ng;cos 0, + nggsin 6;)
— ay(nyrcos Oy + nygsin 6y)

(6]

In slow fading environments, ¢, and ¢, can

be considered to be constants instantaneously and
then D, and D, follow the normal density. After

simplification, the mean and variance of the

decision RVs can be written as

ET.DU]ZSO(GS"‘U%), E[Dl]=sl(ag+af) 2
Varl D)) = Varl D)) = a3’ + aich, = (af + a5t B)

The instantaneous BER for the conventional
STD system is given by

P.=-H % Wels,=VE) + ,an(dss-ﬁ)} @)
=Q(\/ aﬁ+a:f\/ ZTE(;S)=Q(V Yot 7’1)

where
. ® g (™ -2
Q=02 [ e Pay=[""e do
[5], the terms p(ds,=VE) and ples,;=—VE,)

represent the probability of error at the
transmission of symbol s;=V E, and s,=—V E,
and y, is defined as the instantaneous

signal-to-noise power ratio (SNR) per symbol by

7,=2a°EJN,. The probability density function
(PDF) of y; follows the exponential density as in
[51.

Therefore the average BER can be calculated

—=__ 2% 7
P=="0 (] =Ll
‘ n—l(l M(lﬁz)) &)
)
Yo~ 71 Vn(n+2)

where 'y, represents the average SNR per symbol

by 7= 2a/E/N,.
Consequently, the average BER considering the

average branch power ratio R can be written as
— . 2 B
PR, SNR) = T-FR (b—a) (6)

where SNR represents the signal-to-noise power

ratio by SNR=% and
0
) SNR bz\/ R - SNR
1+ R+ SNR"’ 1+R+R-SNR"’

Ii. Average BER analysis of the
proposed STD system

The proposed STD system is shown in Fig. 1.
The key idea is the rejection of noise-like very
low received power signals. To do this work, the
SNRs of received signals on each diversity branch
are estimated and the signals over the specific
threshold  SNR  are  only

postprocessing (e.g. STD combine and decision).

selected for

Proposed selection block
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Fig. 2 Proposed STD system

The received signal »,( ») can be divided into

the sub-signals x,( x,) at time t and x,(x,) at
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time  t+T, respectively and  written  as
%0 = So By + no( x1 = 51 by + np) and
xy9=—s1ho+ n (%= s, by + n)).

The perfect channel estimation is assumed. The
resulting signal relative to the decoding of sy(s,)
are s,(5,) and these signals can be expressed as
S0= xp+ 2u(s= %+ %) where the
sub-signals through the channel compensation and
the selection block are written as

JAC()ozxoo 20.1()0:{50"0 20“""(1 }Alo‘}loo

T =% ﬁ1‘101={31h1 B+ 21.}101 (7
7310=—qu fzolm={slh6 ilo—nf 20}110

:E“=xh 51111‘—‘{50’1; 21"””; 1;1}111

The selection variable 7; can be represented by

Li= 1, vi2ru )
71'j< 7
where 1y, represents the average SNR threshold

value for the selection of valuable branches and
y; the instantaneous estimated SNR by

7y=SNR,=2a} 5. i,

®)

The probability density function (PDF) of 1y,
follows the exponential density as in [5]. The
important point is to acquire the optimal 1y, at
given SNR.

In the proposed STD system, the instantaneous
BER for transmitted symbol s, can be calculated

by

P.o=Plroo 2w Prulvw)P., o= 5s,
+ Pyl v X ruzva) P, o= &, (10)
+ P(ro2 v PXru2 )P, o= o+ olse
+ PCrool vy PCrul v P o, c—ol,

where Plyn=ru)(P(ru=7u) and
P(yol yu)(P(yu<7y) rtepresent the probability of
selection and non-selection of the sub-signal
% ( x11), Tespectively.

The instantaneous BER for each case in Eqn.
10 can be represented by

Copyright (C) 2003 NuriMedia Co., Ltd.

Pe. So= Fplso Q(V 200E /NO) Q(\/T()o)
Pe. So= anlse Q(' Za/lEs/No) T (\/TU)
P, o=+ s = QU 20+ D EJN) an

=Q(V 70+ 711)

P =0.5

e, 59=0lsg

Let the specific SNR y, be y,=AE/N, We
call A the threshold parameter. The selection
probability in eqn. 10 can be written in terms of
the threshold parameter A and the unequal
average branch power ratio R as

P(Yooz?’m):exll(_ Z;h ):C, P()'w(?'u,):l—c
00

13(7“27,;,)=6XD(— Z;h )=d, Plryrw)=1—d
11

(12)

where c=exp(—A(1+ R)),d=exp(— A(1+ R)/R).
The average BER for Eqn. 11 can be
calculated by

Bt 55 —%( | g ) La-a

- __1 _711 1

Pe. $= X|1|\\ 2( 2+ 711 ) (1 b) (13)
_c», So=( zg+ #)lsy I_R(b_a)

where ¢ and ) are given in Eqn. (6).
Consequently, the average BER for the symbol
s, can be expressed by

Po (AR SNR)=+ d1-d(1-0)
1
+-2‘(1—C)d(1—b) (14)
2
+11-90-d

+ cd-

The average BER for the symbol s,
P, (A,R,SNR), can be also shown to be the
same as the average BER for the symbol .

Eventually, the total average BER of proposed
STD system, which is
P.(A,R,SNR)=( P, (A,R, SNR)

+ P, (A,R,SNR)}/2

the same as Eqn. (14).

calculated by

can be
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IV. Numerical Results

At first, we have carried out the computer
simulations to find the optimal A having the best
performance at the given SNR and the various R,
0.1, 1, 5, 10, 20 and 30dB. Fig. 3 and 4 show
the effects of the threshold parameter A on the
average BER at SNR=10dB and SNR=20dB,
respectively. In both cases, it is noticed that the
conventional STD system has the performance
degradation, as the R is increase. However the
performance enhancement of the proposed STD
system is shown in the fixed period of A if the
R is larger than the given SNR. For example, in
Fig. 3, the given SNR is 10dB and the
performance enhancement arises in the duration
(0, 0.12] at R>10dB. Table 1 represents the
optimal A values, give the best performance for
all the R at the given SNR, 5, 10, 20 and 30dB.
Note that the proposed scheme is not useful in
the case of the smaller R than the given SNR.

Using the optimal A values (Refer to Table 1)
given from the above results, the average BER
performance curves for the conventional and the

Table 1. Optimal A values for the different SNR

SNR(dB) 5 10 20 30
A 0.06 | 001 | 0002 | 0.0005
0.10
:_"R=30dB
0.08 4 :
© 'Re2008
Ca
. :
g 0.06
§, R=100\8 o
Zoowd T e e
AP \
e /R=0.1.108
0.02 4
0 Z)O 0. ;:2 [ :)4 o.Z)s o.Ba 0 Iw

Fig. 3 Effects of the threshold parameter A on the
average BER at SNR = 10dB Rayleigh fading,
R=0.1,1,5,10,20,30dB

Conventional STD system

-------- Proposed STD system

0.010

0.008
R=30dB

R=20dB

\\ e
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Average BER
o
"

R=10dB  R=0.1,1dB

S Y £ s | e
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0.000 0.002 0.004 0.008 0.008 0.010

Fig. 4 Effects of the threshold parameter A on the
average BER at SNR = 20dB Rayleigh fading,
R=0.1,1,5,10,20,30dB

Conventional STD system

-------- Proposed STD system

proposed STD system as functions of the SNR
and the R are shown in the Fig. 5. Note that, in
the proposed STD scheme, the A given in Table
1 is applied adaptively to achieve the better
performance through the overall SNR. The
performance of the conventional system becomes
worse as the R increase from 1dB to 30dB. The
reason is that the conventional STD system affect
the combining loss of very noisy (low SNR)
branch. Whereas, as decreasing the effects of this
combining loss by the rejection of very noisy
signals, the proposed STD system has better
performance than that of the conventional in the
finite relatively low SNR duration at Rayleigh
fading channel with the unequal average branch
power gain.

A=adaptive

R=20dB R=30dB

00!1
1E-3

1E-4 o

Average BER

1E-5

Average SNR
Fig. b Average BER performance when A is adaptive
Rayleigh fading, R=0.1, 1, 5, 10, 20, 30dB
Conventional STD system
———————— Proposed STD system
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V. Conclusions

We proposed the performance enhancement
scheme of a simple transmit diversity(STD) at
Rayleigh fading channel with the unequal average
powers on diversity branches. To enhance the
average BER performance at this environments,
our new STD system rejects the received very
low power signals using the proposed selection
block. Through the computer simulations the
optimal threshold parameter A was acquired and
the BER performances of both STD systems are
analyzed and compared. It is shown that the
performance of the proposed STD system is better
than that of the conventional for the large
unequal average branch power ratio R if the A
can be used adaptively at the given SNR.
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