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ABSTRACT

The aim of this paper is to study a 2x2 Multiple-Input
Multiple-Output (MIMO) with Alamouti technique and
antenna’s coupling phenomena at the transmitters and at the
receivers. The motivation of this study is to show and to
explain the impact of two different symbols estimation models
over the coupling effect on the performances of the studied
system. Some mathematical equations will demonstrate the
behavior of the system and some curves will prove the results
by simulations.

1. INTRODUCTION

MULTIPLE-INPUT MULTIPLE-OUTPUT (MIMO) wireless channels
are known to offer better data rate and capacity by employing
multiple antennas at both ends of the link [1]. An approach
that benefits from the MIMO channel is the use of transmit
diversity with space-time block-coding (STBC). Also, the use
of multiple antennas at both ends of a wireless link has
recently been shown to have the potential to drastically
increase spectral efficiency through a technique known as
spatial multiplexing (SM) [2-6]. In signal processing, the
electromagnetic phenomena between two near antennas is
seldom taken into account. Thus, in this paper, the study of
phenomena is also undertaken, when the coherence length
isn’t respected. Those electromagnetic phenomena are called
coupling, and their impact on the signal transmission are
investigated here. Different estimations are studied too.

The outline of the paper is as follow: first, the
electromagnetic phenomenon coupling with its notations is
explained in section 2. In our model, analytical equations
describe the system with Alamouti Technique [7] (section 3)
for one particular symbols estimation, while the same study
will be made in section 4 for another symbols estimation.
Performance results are shown by simulations (section 5). To
finish, analyses and conclusion are made in sections 6 and 7.

2. COUPLING MODEL AND NOTATIONS

Since this coupling’s phenomenon is seldom taken into
account in the studies, a 2x2 MIMO system with Alamouti
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Technique is considered with coupling’s phenomena between
antennas at the transmitter and at the receiver sides. The
coupling is defined as a part of one antenna’s power which
radiates on the other antenna [8]. In fact, a part of the energy
over the first antenna is radiated on the second near antenna
and vice versa.

Configurations between the transmit antennas and the
receive antennas are different. In a wireless communication,
the antennas at the Base Station (BS) and at the Mobile
Station (MS) can’t have the same configurations. This kind of
link is used for fairly high flows (near 2Mbit/s).

In this article, a 2x2 MIMO system with Alamouti Technique
is studied over a worst Rayleigh’s fading channel.

In order to normalize the transmitted and received energy

at antennas (Fig. 1), Ja shows the part of energy which
remains from transmit antenna Tx, to itself and from transmit

antenna Tx; to itself. Also, ~/1—«a 1is the part of energy
which is radiated from transmit antenna Tx, to transmit
antenna Tx; and which is reradiated by transmit antenna Tx
and symmetrically from transmit antenna Tx, to transmit
antenna Tx,. The same model is made for the receiver part
with g . In a realistic wireless communication system, it’s not
very probable to have exactly the same antennas at the
emission and the reception parts. Moreover, antennas at the
Base Station and at the Mobile Station (or a laptop) have
different configurations and diverse geometrical designs,
sensibility, directivity, gain, pattern radiations... Let’s note
(o, B)e C the couple of couplings coefficients respectively at

the emission and at the reception. Also, 0<|e| <1 and

o<|al <1.
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Figure 1. Coupling model.

These following notations are used along this paper:
e T isthe symbol time,



e ¢ is the i™ transmitted symbols sequence on the transmit
antenna i with i€ [0,1],

e ¢ is the i" transmitted sequence on the transmit antenna i
after coupling with ie[0,1],

® }, is Rayleigh’s fading coefficient from the i transmit
antenna to the j™ receive antenna. h,eC and is quite
constant during two symbol times 7, (¢,) = A, (¢, +T) .
The impulse response of the channel is normalized as

L
Zi

2 X .
h,| =n, with i,je N, ny the number of transmit
j=1

antennas and ng the number of receive antennas [9], here

nr=nr=2.

e ;. is the received symbols sequence on the i™ receive
antenna,

e ; is the received symbols sequence on the i™ receive

antenna after coupling,
® 5, is Additive White Gaussian Noise (AWGN).

In this model, the Rayleigh channel and the couplings at
each side correspond to the channel of this new model.

The cases ||06||2 =0 or ||ﬂ||2 =0 mean that the antennas at
the transmitter or at the receiver are coupled. In the other
way, the cases ||a'||2 =1 or ||ﬁ||2 =1 mean that the antennas at

each part of the communication link are uncoupled.

Two different estimations models are studied in this paper
to equalize the received signal. The first one takes into
account the totality of the received signal whereas the second
one uses only one definite part of the received signal in order
to reduce the quantity of noise. Even if the share of the used
signal also decreases, the goal was to try to find a
compromise.

3. COUPLING ANALYSIS FOR ONE PARTICULAR
SYMBOLS ESTIMATION MODEL

In this section, analytical equations are written and describe
precisely the couplings. The performance gains are analyzed.
The symbols estimation model used in this section is the
estimation with all terms (see eq. (7) for example).

Alamouti Technique [10] consists in transmitting coded
symbols over the two transmit antennas. If the initial

sequence of symbols is like than [so,s],...,si,...:l, then
I =[s0,—s] ,sz,—s3,...,s2i,s2i+],...] and

e]=[s],s;,s3,s;,...,52i+],s;,...] with ieN. The Alamouti’s

coder works on two consecutive symbol times. Then, the
transmitted signals after coupling are

e (t,) =as, +1-as, M
e (t,) =~as, +~1-as,
e, (t,+T)=—Jas, +y1-as,
, . . @)
e (t,+T)=as, —J1-as,

Next, before coupling the received signals are

(1) =5 (N + b NT=a ) + 5, (1= @ + e )+,
r](to)=s0(hm\/3+hHM)+s](hO]M+hH\/E)+n]
rn(t,+T)=s, (hOOM+ hm\/E) —s (hOO\/E + }HOM) +n, .
r(t,+7) :s;(hmM+hﬂ\/E)—s]*(hm\/a+hHM)+n] @

Afterward, the received signals after coupling are written
as

o)ms [hm@mm/ﬂ(l-ah }

h()l\/a(]-ﬂ) +hy, (]'a)(]'ﬂ)

[hm/(l—a)ﬂwo of +
+s,

hm\/(l—a)(l—/)’)+h”\/oc(l—/)’)
F)=s Iy o1=B) + o (1-a) 1= ) +
o ' h()l\/@-"hll\}ﬂ(l_a)
oo A=) (1= ) +hya(1=B) +
+s, +\/Enl+ 1-fn,
[h()l\lﬂ(]_a)_"hll\/OTﬂ }
. *[hoo ﬂ(l—a)+h10\/0!7+ ]
7ty +T) =5,
hm\/(l_a)(l_ﬂ)+h11\/a(1_ﬂ)
*[hoo aﬂ+h]0\/ﬂ(l_a)+

}+ By ++1-Bn, (5)

)]+\/Zno +M"’1

hom/(l—a)(l—ﬂ)+hm\/a(1—ﬂ)]
+hy N B(1= ) + by o
_s*[hoox/a(l—ﬂ)wm (1-a)(1-5)

] +hy, aﬂ+hﬂm

Finally, the symbols are estimated thanks to the symbols

hm a(l_ﬂ) +h|1 (1—&)(1—,3
J J ©

Kt +T)= so[

]+\/Zn] +4/1- fBn,

estimation model where all the terms using (&, ) are taken

into account:



=By + el 1=y + [ B, + (=1 Ak, [ )+
[ =+, |1~ 1—,67@04/51—%}4 (6)+
(B + 1= A+, + a1 B, i (1 +7) +
1= (1= +[B1-y + el 1= ++fa, i (1, +7)

™)

5 =[ VA= + 1= @)1~ e + a1, [ r(0)+
[Ji=a) mhm+Jﬂ(1—om+Ja(1—mo+ om]n'(ro)—
[, +fali=Bh, +B1-a)h,+[(1=ad (1=, |1 (4, +7) -

[Ja(1=B B, + (12l ﬁVmJﬂ ~ah, Ji (4 +7)

To study the behaviour of the diversity technique, we
estimate the received SNR in computing the mean and the
variance of the expression (7).

E[5,1=0
[iO] ®)
E[51=0
0’ =E’[§,]=E[5,]1-E[5,]
(3287 -44p-12)+

Q
I

P=E | a(-298° +418 +12)-
288(1-B)+38

Ba+13)B(1-8))

The expression of the received SNR for the symbols is
given by (10):

VR =Lexpfps
NO

10
o (328" —44B-12)+ (298 +415+12)-288(1- B)+8 (10)

4+(3a+13) B(1-5)

The expression in square brackets in eq. (10) corresponds to
the channel gain in this particular diversity technique.

Thanks to Eq. (10) it’s easy to say that the received SNR

0
which is the transmitted SNR. The study of Eq. (10) gives
some parametric curves. The parametric curves have been
plotted for values of @ which varies from 0 to 1 by step 0.1.
The more relevant curves are showed here.
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Figure 2. Analytic expressions’ analysis for Alamouti
Technique (first symbols estimation model), o = 0.
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Figure 3. Analytic expressions’ analysis for Alamouti
Technique (first symbols estimation model), o = 0.5.
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Figure 4. Analytic expressions’ analysis for Alamouti
Technique (first symbols estimation model), o= 1.
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These curves show that the more the ratio NS is high, the £ . The expression: 2a(l-a)-Ja(l-a)(B+3)+

’ No B(20.507 —6.50+15)+1

more the performances are good, what is logical because the
represents the channel gain.

) Thanks to eq. (12), it’s easy to say that the received SNR

The optimal couple of couplings is ( op,,ﬁop,) (0.5,1) (in

module, the phase is equal to zero). So, to have the best
performances, the power transmission must be shared in two

equal parts on the two transmit antennas. The study of eq. (12) allows plotting the following curves:

0

. E Iph le) =
But for S =1 and an unspecified value of & and —-, the 120 o et
NO - Es/NO =0 dB
— - —--Es/NO=10dB
10d T Es/NO =20 dB

SNR doesn’t enormously vary, so with numerical simulations, Zl I ENe sa00m
Es/N0O =40 dB

the performances of the system will be closed whatever the 10

value of « . Here, with numerical values, it’s easy to say that

90

a particular values of @ or S will give the best R I S A A s St NS A _

go{ -~
. . . . . [11]
performances, but with numerical simulations, the difference z

60
will not be also obvious. s

Z
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4. COUPLING ANALYSIS FOR ANOTHER SYMBOLS e e T
ESTIMATION MODEL 20

10

0
In this part, the estimation of symbols is different from the 0 o1 02 03 04 05 07 08 09

one used in section 3. The goal was to find a new estimation beta (modu'e)
of the symbols which allows reducing the noise quantity. In
this section, the estimation will take into account only the

Figure 5. Analytic expressions’ analysis for Alamouti

Technique (second symbols estimation model), o = 0.
terms which contain \/E . By the means of this new symbols

estimation model, the loss of signal is compensated by the
alpha (module) = 0,5

reduction in the quantity of noise. 130 _ S
The equations which describe the studies system are the same 120 | TITEMNo-ds
that in section 3, but the estimation of the symbols is 110 | T BN
different. In eq. (7), only the terms which contains \/7 are 100

preserved. So, in this section, the symbols are estimated
thanks to eq. (11):

5= [\/@}hﬁ'\ﬁ(l a) (i|"’o (%) [F}bl \/ﬁ(l 0”11:|‘ %EW
[J,B(l a%+fhdo (t,+T)+ [J,B(l a) ]+Fh:| (t,+7) 0]

(11) ]

[\/ Ay +0p OIO [\/ B1-c)h, + ogé’h,I S O A A N ST S S W
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And so, the expression of the SNR becomes: Figure 6. Analytic expressions’ analysis for Alamouti
R E 2 . 23a(1-a)- /a(l —a)(B+3)+ 12) Technique (second symbols estimation model), &= 0.5.

Ny 4 | B(20.507 —6.5a+15)+1

As in the last sub-section, it will be possible to study the
behavior of this SNR with the three parameters: o, £ and
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Figure 7. Analytic expressions’ analysis for Alamouti
Technique (second symbols estimation model), o= 1.

The the
(a’op[,ﬁop,) =(L,(0 or1)). The results are very closed, so it’s

optimal  values  of couplings  are

undeniable that £, =1 is the optimal value, but for & it’s

not also obvious. Here, the optimal values found show that the
best performances will be obtained for a system with no
coupling effect at each side of the transmission system.

5. NUMERICAL SIMULATION RESULTS

In this section, realistic simulations are made for the two
estimated models in a numerical wireless communication
chain.

5.1.

Thanks to a simulation plan, the optimal values of the
couplings for the studied system have been found.
The coupling coefficients are complex numbers written as:

First symbols estimation model

a=pe”
o (13)
B=pe”
The optimal coupling coefficients are:
a,, =0.5¢"=0.5
_ (14)
B, =1e" =1

These values show that it’s more judicious to have signals in
phase.
For analysis, to obtain a BER of 107, the system with no

E
diversity needs NS =57dB (SNR at the emission part),
0

. . E
whereas Alamouti Technique needs NS =17.8dB . The profit

0
is near 40dB to reach the same quality of service.

5.2.

In this part, a second estimation model is studied. For the
three techniques described in the first section, some
numerical simulations made it possible to find the optimal
coupling coefficients. The best performances are obtained
when the coupling coefficients are equal to:

a,, = le’’ =1
B, =1e" =1
The results show that for this particular estimation model, the

best performance will be obtained when there’re no couplings
at each part of the communication link.

Second symbols estimation model

(15)

For this second symbols estimation model, the optimal results
are generally obtained for ¢, =1 or B, =1, this means that

the best results are for an uncoupled antennas system. The
curves can also give to the users the behaviour of the
communication link if the coupling coefficients change and
deviate from their optimal value. For the studied system, to

obtain a BER of 107, the required SNR at the emission part

may be

E, =12dB.
N,

0

6. ANALYTICAL
COMPARISON

AND NUMERICAL SIMULATION

Initially, a comparison between the performances with
optimal couplings for the two diverse symbols estimations can
be made (Fig. 18).

Es/NO (dB)
0 24 6 8101214161820222426 2830 323436 3840 4244 46 4850 5254 5658 60
1,E+00

—— No diversity

1,E01 4
—=s—— Alamouti, first estimation

---»--- Alamouti, second estimation

1,602 4

1,E:08 §

BER

1,E-04 1

1,E05

1,E:06 §

1,607

Figure 8. Comparison of the results for each symbols
estimation model.

Figure 8 shows that performances vary according to the



selected symbols estimation model. For Alamouti Technique,
the second symbols estimation allows better results than the
first one. For example, to obtain a BER of 107, the system

E
with the first symbols estimation needs — =17.84B and the

0
same system with the second symbols estimation needs

s

=12.8dB . This reduces a little the necessary transmit
0

SNR to reach this particular BER.

The results are gathered in the two following tables:

Alamouti No Profit
Technique diversity
BER =10° | 14.1dB 26.8dB 12.7dB
BER =10° | 17.8dB 56.6dB 38.8dB

Table 1. Comparison (first symbols estimation model).

Alamouti No Profit
Technique diversity
BER =107 | 9dB 26.8dB 17.8dB
BER =10° | 12.8dB 56.6dB 43.8dB

Table 2. Comparison (second symbols estimation model).

Then, an analysis is carried on to release the similarities
between the analytical expressions and the results of
numerical simulations. In fact, when the transmit SNR
increases, the performances are better, so the BER decreases
and vice versa.

The analysis of the SNR expressions enables us to understand
the behaviour of the studied system according to the various

parameters: In this studied case, the

E
o, [ and —.
NO
expression of the SNR can be studied for one parameter by
fixing the other parameters.

If the function is studied with the parameter

E
* . the function
NO

s

is linear, it’s to say that the higher is, the more the

0
received SNR is elevated. If the expression is now studied
according to the parameters « and f, the analysis shows

that the analytical study and the numerical simulations
coincide for the two symbols estimation models.

7. CONCLUSION

Between theoretical curves (obtained thanks to the study of
eqs. (10) and (12)) and optimal couplings coefficients

(a’op,, ﬁop,) found with the numerical simulations, the results

are closed.
The optimal couplings are often equal to one (in module).

This corresponds in fact to no coupling between the antennas.
So, the coupling between antennas often degrades the
performances of the connection link. According to the studied
technique, the two diverse estimations don’t give the same
results and offer solutions to equalize the received signal with
the a priori knowledge of the coupling coefficients. The
analytical study permits to know how the diversity system will
behave according to the various parameters. With the
numerical simulations, it’s easy to know if a value of coupling
will considerably degrade the performance of the system or if
the degradation will tiny. In this study, the antennas at the
transmit or receive sides are much closed, so the channels
will be correlated.
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