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Abstract 

In this paper, we propose a dual polarization waves 
Reuse Scheme, which will double the wireless 
communication capacity. Due to the cross 
polarization and antenna misalignment, most of 
current wireless communication systems only use 
single polarized wave to carrier information. Some of 
them may employ other polarized wave for diversity 
application. The proposed scheme, which 
simultaneously utilizes two polarized waves to carrier 
information, has the ability to reduce the effect of 
cross polarization and antenna misalignment 
significantly. The result shows that even in the large 
misalignment and cross polarization environment the 
BPSK system with the proposed scheme still 
maintains satisfactory performance. 

In trod uc tion 

The demand of wireless communications 
including mobile cellular and satellite 
communications increases rapidly. many mobile 
cellular systems are deployed globally and several 
low orbit satellite communication systems are 
planned and deployed experimently. Because the 
demand of wireless communications increases so 
badly, effective spectrum utilization becomes an 
important issue. Many techniques such as microcell, 
picocell or employing millimeter waves are 
developed successfully. However polarization waves 
reuse is another way to effectively utilizes the 
spectrum. Due to the cross polarization and antenna 
misalignment problems, the dual polarized waves 
resue is precluded in most wireless communication 
system[l].Some of the current wireless 
communication systems use the polarization wave for 
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Figure 1 The system Block Diagram 

diversity purpose to increase the availability[2,3]. In 
the literature, a few polarization wave reuse trials for 
satellite communication systems were reported. 
These trials employ different polarization waves for 
different transmitter and receiver pairs[4-91. In other 
words, the two different polarized waves are used as 
two independent channels. The results of these trials 
showed that when the weather condition is good, the 
system capacity is doubled. However, when the 
weather condition is not ideal, such as heavy rain, 
which induces cross polarization or polarization shift, 
the system degrades significantly and becomes 
inpractical. In this paper, we propose a polarization 
waves reuse scheme which will effective utilize the 
spectrum. 

System description 

The system with the proposed polarization wave 
reuse scheme is shown in Figure I .  In the transmitter 
the symbol converter translates the binary data into 
symbols which are suitable for each branch according 
to the state of the channel. These signals are input to 
the BPSK modulators to modulate the carriers and 
then transmitted by three orthogonal antennas. The 
channel is modelled by the additive white Gaussian 
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noise (AWGN) channel and characterized by the 
channel matrix &, which may vary slowly comparing 
with the symbol rate. The receiver also contains three 
orthogonal antennas followed by three correlators and 
the decision circuit, which estimates the received 
symbol according to the channel state and the 
correlator outputs. The correlator outputs are also 
used as the input of the channel detector to estimate 
the channel matrix for adaptive adjustment. 

At the transmitter, the BPSK signal can be 
expressed as Decision Boundary 

Figure 2 The Receiving Constellation and 

S ( t )  = a, cos(wt>7 + a2 cos(wt)j + a3 cos(wt)E (1) 
where i ,  j and are the unit vectors of the 3- 
dimentional Cartesian coordinates and w is the angle 
carrier frequency, and a, ,a,and a,are the 
amplitudes. 

At the receiver, the received signal at the three 
receiving antennas is given as follows. 

R(r) = R,i + R, j + R,k 
R, = x l l a l  cos(wf) + xlza2 cos(wi) + x13a3 cos(wt) + n , ( f )  
Ry = x2p,  cos(wr) + x22a2 cos(wr) + x2,a3 cos(wr) + n,(t) 

- -  

. - -  
(2.1) 

(2.2) 
(2.3) 

matrix adaptively. For any received symbol, we com- 
pute its position in the coordinates as in figure 2, 
where the meaning of R, and R2 will be defined in 
equation (9.2) and (9.3). If SI is transmitted and cor- 
rectly received, the receiver can compute the varia- 
tion of the channel parameters, and then adjust the 
channel parameters accordingly. Owing to the exis- 
tence of channel noise, the receiver may make a 
wrong decision, which implies that the new channel 
parameters containing errors. Since the channel noise 
has zero mean, we take the average of several previ- 
ously received symbols to reduce the noise error. 

R, = xIpl cos(wr) + +a2 cos(wr) + x13a3 cos(wr) + n,(r) .(2.4) 
Performance analvsis 

where we have include the properties of channel 
attenuation ,cross polariization, and antenna For simplicity, we assume that the transmitter 

tramsmits one of the two symbols , S,(t) and i b ( t ) ,  
misalignment in xii. . .  . . .  

which are given by 

i, ( t )  = a, cos(wt)? + a2 cos(wt)J' + a3 cos(wt)l , 
For convenience, we rewrite the equations in the 

matrix form as follows: (4.1) 

- R = XAcos(  - wt ) + - n ( t )  ( 3 )  

where 

nl(0 $11 $12 '13 

e $1, I=[;:; ;;; ;;j, A = [ ; ]  

and ni(t),i=1,2,3, are assumed to be i.i.d Gaussian 
random process. 

To initialize the system properly, we have to char- 
acterize the channel. First, a predetermined signal is 
transmitted from the first antenna, the receiver then 
receives the signal and estimates the channel 
parameters xI1, x ~ ~ ,  and x ~ ~ .  The other parameters, 

x,, are all obtained by the simi- 
lar way. However, the channel matrix may vary 
slowly. Therefore, we will have to track the channel 

s, ( t )  = -a, cos( wt); - a2 cos( w t ) j  - a, cos( wt)k . 
With the assumption of equal symbol probability, the 
optimal decision boundary can be proved to be as 
follows. 

(4.2) 

R, - = ~or'gcos(wr)dt 

I xl la l  cos*(wr) + xI2a2 cos2(wr) + x13a3 cos2(wi) + n,(i)cos(wi)dr 

= Jornxz1a, cos2(wf) + x2+z2 cos2(wt) + xZ3a3 cos2(wt) +n,(/)cos(wt)dt (5.2) 1; x,,a, c ~ s ~ ( w i ) + x ~ ~ a ~  cos2(wt)+x, ,a ,  cos2(wi)+n,(i)cos(wr)di 

And the bit error rate(BER) can be expressed as 
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follows. eigenvectors are mutually orthogonal, which can be 
normalized and used as the bases of the three 

(6)  
% + 

where Q(.) denotes the Q function. 

To minimize BER, we should maximize the 
following equation. 

p(A) = A' X' X A  - (7) 

Differentiating this equation, we can obtain the 
following equation. 

Therefore, the eigenvector corresponding to the 
maximal eigenvalue h should be found to minimize 
BER. Since X'X is positive semidefinite, the 
eigenvectors corresponding to different eigenvalues 
are orthogonal and the eigenvalues are nonnegative. 
That is, we have three mutually orthogonal 
eigenvectors. And we can construct our symbols from 
the linear combination of these three eigenvectors. 

Assume Ai is the unit eigenvector corresponding to 
h, and R, is the vector form of the receiving signal 
when Ai is transmitted. It should be noted that when 
we say Ai is transmitted, we mean that the following 
signal q(t) is transmitted. - - 
ii, (1)  = U,, cos( wt)7 + U,, cos( w t ) j  + 

= - 4'[i j k]' cos(wt) 

cos( wt)k . - -  
(9.1) 

- A,' =[a,, at31 

where 
i = 1,2,3 

Similarly, we can write the vector form of the 
receiving signal as follows: 

RI = X A ,  

R2 = X A ,  
- -  
c -  

Based on (9.2) and (9.3), we have 

R,' * R2 = Al'=A, = A,' * AzA, = 0 (10) 

It means that the receiving signals are also 
orthogonal. Now, we can design the symbols by 
properly choosing the values of a,,a,,and a,. As an 
example we consider the situation when we want to 
have a symbol set containing four symbols. The three 

- -  

>wil 
s2 

s1 s2 s4 

(13) (c) 
Figure 3 Symbol Constellations 

dimensional signal space. Therefore, the symbols can 
be represented by the linear combination of the three 
unit eigenvectors. The transmitted symbols and their 
symbol energy are given as follows. 

3 

Si@) = &pj(t) 
j=I 

where ,i = 1,2,3,4 

3 
E, =ZW: 

j=l 

(11 .1 )  

(11.2) 

(11.3) 

where E,, and Eb,ave are the average symbol energy 
and the average bit energy respectively. 

It is obvious that the symbol error probability is 
largely dependent on the distance between two 
symbols, especially the minimal one. Therefore, it is 
quite reasonable that we maximize the minimal 
distance (min(D9)) between the symbols to minimize 
the BER. 

The distance between symbols i and j is given by: 

D,, = ( R , - R , ) ' * ( R , - R , )  - (12 1 
where i, j ,=  1,2,3,4 and i f j 
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Our goal is to find wG such that min(Dij) is 
maximized. There are twelve variables to be decided 
with one constraint. We can start from the three 
possible constellations shown in Figures 3% 3b, and 
3c,respectively. 

We can set wi3=0(i=1,2,3) for all symbols because 
is relatively quite small, and this means the attenu- 

It can be proven that the best choice for the three 
ation along this particular direction is quite severe. 

constellations as follows. 
constellation 1 : 

constellation 2: 

G 
- G  

0 

0 

0 0 

0 0 

constellation 3: 

I$-==- I + 5(A ,  / A , )  

Then, the minimal distance for Constellations I , 
2,and 3 are given as follows: 

(16 1) 

(162) 

3(%/4) 4 
1 + 5(4 4 1 

L~,,,,,' = rnin(D,,) = 

2 
5 L~.,,,,,,' = rnln(D,,) = - 4 

and 

L~ = r n i n ( ~ , )  = (16 3) 4(%/4) 4 
1 + 5% /4) 

We observed that L1,- is always larger than L3,m,,,, 
and Ll,mm is smaller than L2,mm only when (A&,) is 
smaller than 1/7. Therefore, the first constellation is 
always better than the third one. And the first one is 
better than the second one when (&/A,) is larger than 
1/7. Based on the result of computer search , we ob- 
served that when (&/Al) >1/7 the first constellation is 
the best choice otherwise the second one is the best. 

The decision boundary of Constellation one is given 
in Figure 2.When the signals of Constellation one is 

transmitted, the average bit error rate can be found as 
follows. Let P,,,, denote the probability that Symbol i 
was transmitted but Symbol j is chosen at the re- ' 

2 .  
BER for different value of k 

BER I , ,  , , , , , , , , , , , , , , , I , ,  

10'' 

1 0 . ~  

1 0 ' ~  

10.' 

-A - k=0.4 

0 0 2 4 6 8 1 0 1 2 1 4  
E b,am/No 

Figure 4. Ber performance for Constellation 1 * 

ceiver. The different symbol errors and average BER 
are given as follows : 

and 

where 

b =  J' 1+Y&/4) 

In Figure 4 we plot the average bit error rate ver- 
sus average Eb/No for different values of k, where k 
equals to &/Al. Here, we have set h, to 1 and to 
kh,. This means that the attenuation constant is unity 
of the direction of AI . When k=l, the two transmit- 
ting direction will have the same attenuation. There- 
fore, at this time, the BER performance is the same as 
the traditional one for BPSK. However, we have 
twice the capacity of the tranditional BPSK since we 
have used two different polarized wave for the trans- 

- 
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mission. It should be noted that the Eb is not the re- 
ceiving bit energy, but the transmitting bit energy 
under normalized attenuation condition A,= 1 because 
even the same symbol energy is transmitted at the 
transmitter, the received symbol energy may be dif- 
ferent as a result of different attenuation in differ- - 

BER for cllfferent antenna tilt of one antenna system 
BEA F"' " '  ' " '  ' I '  " " " ' ' I  " " I '  ' ' I  

10" 

1 OJ 

1 0 6  

E b/No 
.2 0 2 4 6 8 10 12 1 4  

Figure 5 .  BER degradation for traditional 
single polarized wave system 

ent direction. In Figure 5 ,  we show the effect of an- 
tenna tilt for the traditional single polarized wave 
system. In our system, since we have antennas that 
can receive the signals in different polarizations and 
combine them, antenna tilt will not affect the system 
performance. 
V. Conclusion 

The proposed scheme employs three orthogonal 
antennas and utilizes the polarized waves carrying 
information to increase the spectrum utilization 
efficiency. In general, when the electromagnetic 
waves propagate, the component along the 
propagation direction is very small. So practically the 
system utilizes two polarized waves say vertical and 
horizontal waves. The transmission capacity is 
doubled comparing with the conventional single 
polarized wave system. Because the proposed scheme 
has the mechanism to combine the signals of different 
polarizations, the antenna misalignment can be 
ignored. When cross polarization occurs, the system 
can adjust the pattern of the transmission symbols to 
reduce the effect of cross polarization. Therefore, the 
performance can be maintained at certain 1evel.It is 
expected that the scheme may be applied to ka band 
satellite communication systems and land multipoint 
distrubution systems. 
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