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3+4 antennas. BPSK. GEOM, CAP techniques. channel E. 2 interferences.

CAP − SNR=5 dB − As=30º(TX), 15º(RX)
CAP − SNR=5 dB − As=40º(TX), 60º(RX)
GEOM − SNR=5 dB − As=30º(TX), 15º(RX)
GEOM − SNR=5 dB − As=40º(TX), 60º(RX)
CAP − SNR=10 dB − As=30º(TX), 15º(RX)
GEOM − SNR=10 dB − As=30º(TX), 15º(RX)
CAP − SNR=10 dB − As=40º(TX), 60º(RX)
GEOM − SNR=10 dB − As=40º(TX), 60º(RX)
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2+2 antennas. BPSK. HARM, MMSE techniques. channel E.

MMSE − 1 interf. SIR=−5 dB − As=30º(TX), 15º(RX)
HARM − 1 interf. SIR=−5 dB − As=30º(TX), 15º(RX)
MMSE − 1 interf. SIR=−5 dB − As=40º(TX), 60º(RX)
HARM − 1 interf. SIR=−5 dB − As=40º(TX), 60º(RX)
MMSE − 0 interf. − As=30º(TX), 15º(RX)
HARM − 0 interf. − As=30º(TX), 15º(RX)
MMSE − 0 interf. − As=40º(TX), 60º(RX)
HARM − 0 interf. − As=40º(TX), 60º(RX)
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2+2 antennas. BPSK. MAXMIN, MEP techniques. channel E.

MAXMIN − 1 interf. SIR=−5 dB − As=30º(TX), 15º(RX)
MEP − 1 interf. SIR=−5 dB − As=30º(TX), 15º(RX)
MAXMIN − 1 interf. SIR=−5 dB − As=40º(TX), 60º(RX)
MEP − 1 interf. SIR=−5 dB − As=40º(TX), 60º(RX)
MAXMIN − 0 interf. − As=30º(TX), 15º(RX)
MEP − 0 interf. − As=30º(TX), 15º(RX)
MAXMIN − 0 interf. − As=40º(TX), 60º(RX)
MEP − 0 interf. − As=40º(TX), 60º(RX)
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2+2 antennas. BPSK. As=30º (TX), 15º (RX). channel A.

GEOM − 1 interf. SIR=−5 dB
MAXMIN − 1 interf. SIR=−5 dB
MMSE − 1 interf. SIR=−5 dB
HARM − 1 interf. SIR=−5 dB
GEOM − 0 interf.
MMSE − 0 interf.
HARM − 0 interf.
MAXMIN − 0 interf.
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2+2 antennas. BPSK. As=30º (TX), 15º (RX). channel C.

GEOM − 1 interf. SIR=−5 dB
MMSE − 1 interf. SIR=−5 dB
MAXMIN − 1 interf. SIR=−5 dB
HARM − 1 interf. SIR=−5 dB
GEOM − 0 interf.
MMSE − 0 interf.
HARM − 0 interf.
MAXMIN − 0 interf.
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��� ��� ����������� �� ��� %. ����
����

�� ����� ���� �
� ��� �� ����
� �� �� %������ A	A	 ����
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� ����� �� ��� %. ����
���� K.�
FD� 3��F<L	 ��� %. �� �

����
��� 
������&�� ��� ���
����� ������&����� ���� � �� �� "�� ��� ������� �������� �� ��
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Iteration index in the decrease of the temperature

Value of the temperature T.  β=0.99
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      0.95

Na ?

Lar = 0

2
b 

Propose 100 solutions.
Na = number of non-
accepted solutions

0 < Na < 10

T     0.99T

BEGIN
Initialization

Lar      Lar+1

Lar ?

2
b 

Lar = 5

Lar < 5

Na > 10

Na = 0

convergence ?

END

yes

no

Na ?

T=1
   = mean transmit

power with no MAI
    = 0

2
b 

kb

Propose 100 solutions.
Na = number of non-
accepted solutions

(u)

T     2T

Na < 95

T     0.9T

Na = 100

END

95 < Na < 100

 Main iteration

Initialization

(a) (b)
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Initialization
Set all the transmit beamvectors equal to the

maximum eigenvectors of

(without taking into account the MAI).
Calculate the power allocation: GEOM or MAXMIN.

Calculate the covariance
matrices:

{Rk  }(u)

OIHk
(k)(t(u),r(u)) -1H (r(u))

n Hk

(t(u),r(u))

Calculate the transmit beamvectors as the
maximum eigenvectors of

Calculate the power allocation: GEOM or MAXMIN.

Hk

(t(u),r(u)) -1H (u)
Hk

(t(u),r(u))
Rk

convergence  ?

END

yes

no
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Simulated Annealing. Mean BER. Scenario 1.
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2+2 and 4+4 antennas. As=30º (TX), 15º (RX). channel A. No interferences.

Theoretical upper−bound degradation. 2+2 antennas.
Estimated degradation. 2+2 antennas.              
Theoretical upper−bound degradation. 4+4 antennas.
Estimated degradation. 4+4 antennas.              
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2+2 antennas. BPSK. As=30º (TX), 15º (RX). channel A. Noise in the CSI.

Estimation SNR=5 dB 
Estimation SNR=10 dB
Estimation SNR=15 dB
Estimation SNR=20 dB
Estimation SNR=25 dB
Perfect CSI         
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Robust and non−robust solutions. Channel estimates length: 3 taps.

Estim. noise power=0.5 − Non−robust 
Estim. noise power=0.5 − Robust     
Estim. noise power=0.1 − Non−robust 
Estim. noise power=0.1 − Robust     
Estim. noise power=0.01 − Non−robust
Estim. noise power=0.01 − Robust    
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Robust and non−robust solutions. Channel estimates length: 10 taps.

Estim. noise power=0.5 − Non−robust 
Estim. noise power=0.5 − Robust     
Estim. noise power=0.1 − Non−robust 
Estim. noise power=0.1 − Robust     
Estim. noise power=0.01 − Non−robust
Estim. noise power=0.01 − Robust    
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MMSE technique

4 TX ant. Delay diversity. MLSE receiver
2 TX ant. Quant. (6 bits). Non−robust
2 TX ant. Quant. (6 bits). Robust
4 TX ant. Quant. (4 bits). Non−robust
4 TX ant. Quant. (4 bits). Robust
4 TX ant. Gauss. noise power=0.01 − Non−robust
4 TX ant. Gauss. noise power=0.01 − Robust
8 TX ant. Gauss. noise power=0.01 − Non−robust
8 TX ant. Gauss. noise power=0.01 − Robust
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MLSE technique

1 TX ant. MLSE receiver
4 TX ant. Delay diversity. MLSE receiver
4 TX ant. Gaussian noise power=0.5. Non−robust
4 TX ant. Gaussian noise power=0.5. Robust
4 TX ant. Gaussian noise power=0.1. Non−robust
4 TX ant. Gaussian noise power=0.1. Robust
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