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Abstract 
 
In this paper we analyzed the bit error rate performance of a switching algorithm between spatial multiplex-
ing and diversity for an OFDM MIMO system with ideal channel state information. The effect of channel 
estimation error was studied and we verified by simulations that the spatial multiplexing outperforms the 
switching algorithm. Given that the switching algorithm is based on the comparison of the channel matrix 
Demmel condition number to a threshold, its accuracy is compromised when channel estimation error in-
creases. As a first intuitive solution, we proceeded to the adaptation of the threshold, but this didn’t lead to a 
pertinent improvement for the main reason that channel estimation errors did affect the MIMO techniques 
which use different constellation. Based on that, we proposed a new estimation technique that improved the 
bit error rate performance significantly. 
 
Keywords: MIMO Diversity, Spatial Multiplexing, OFDM, Demmel Condition Number, Switching Algorithm, 

Channel Estimation 

1. Introduction 
 
MIMO systems, with the integration of the spatial di-
mension, represent a good solution to improve the rate 
and the robustness of transmission systems without in-
creasing the bandwidth of the system [1]. In addition, 
using OFDM with MIMO allows simplifying the equali-
zation at the receiver [2]. MIMO-OFDM techniques 
were introduced by the IEEE 802.16e-2005 specifica-
tions as a solution to improve the quality of service [3]. 

MIMO diversity (MD) and Spatial Multiplexing (SM) 
are the two most known techniques used in MIMO 
channels. Diversity techniques use two or more antennas 
in the transmitter and the receiver side to improve the 
wireless link quality and are not designed to increase the 
peak data rate of the system [4]. An effective and simple 
transmit diversity scheme namely Space Time Block 
Coding (STBC) is proposed by Alamouti [5]. It encodes 
the signal through two transmit antennas and in time to 
enhance significantly the BER while preserving a unit 
code rate. STBC has been generalized for more than two 
antennas in [6].  

In addition, spatial multiplexing techniques offer 

higher peak throughput by transmitting independently 
and separately encoded data signals from each of the 
multiple transmit antennas [7,8].  

Furthermore, when the MIMO technique is selected 
based on feedback information about the channel state, 
this can lead to higher link robustness. This aspect in-
volves studying appropriate adaptation algorithms al-
lowing the selection of the most appropriate MIMO 
technique for given channel conditions. The transmitter 
blocs’ specifications such as the MIMO technique and 
the modulation scheme are adjusted according to the 
current state of the wireless mobile channel instead of 
being designed based on the worst case scenario. This 
approach provides a much more efficient use of the 
available resources and gives a practical cognitive radio 
strategy. 

This is especially true for the case of a MIMO-OFDM 
system since it is very flexible and there are a great 
number of parameters which can be adapted as the usual 
modulation, the coding scheme and the MIMO scheme. 

Several Adaptation Algorithms are proposed to en-
hance system performances in terms of Bit Error Rate 
(BER) [9-12]. Other algorithms are proposed to maxi-
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mize capacity gains [13-17]. 
To enhance system performances, the MIMO switch-

ing technique was discussed for a fixed data rate in case 
of narrowband MIMO channels [9-11]. Either multi-
plexing or diversity was chosen based on the instantane-
ous channel state and the decision is conveyed back to 
the transmitter via a low-rate feedback channel. The 
Demmel condition number of the instantaneous channel 
matrix was proposed as a parameter based on the mini-
mum Euclidean distance of constellations in order to 
characterize the suitability of a given instantaneous 
channel matrix for SM compared to MIMO Diversity. In 
[12], the authors have studied the suitability of a com-
plex 2 × 2 MIMO-OFDM channel matrix for SM using 
instantaneous measurements of its channel Demmel con-
dition number in several indoor environments. 

Other works are interested to enhance the capacity 
gains using adaptation algorithms, where the selection 
criterion is based on the knowledge of the Signal to 
Noise Ratio (SNR) and the determinant of MIMO chan-
nel matrix [13,14]. These works focus primarily on the 
case of delay insensitive applications for which throughput 
maximization is the criterion for adaptation, and examine 
performances of the adaptive MIMO-OFDM system in a 
realistic outdoor environment, modeled using ray tracing 
software. 

In [15], it was shown that at the same spectral effi-
ciency, Alamouti’s STC combined with maximum-ratio 
combining at the receiver significantly outperforms the 
2 × 2 spatial multiplexing scheme at high values of the 
signal-to noise ratio (SNR). In this work, the selection of 
the MIMO option is included in link adaptation to maxi-
mize network capacity, and operating SNR regions are 
determined for different modulation, coding and MIMO 
combinations. 

Moreover, the impact of mutual antenna coupling on 
the ergodic capacities of statistical beamforming and 
spatial multiplexing transmission strategies is analyzed 
[16,17]. Adaptive switching between combinations of 
transmission strategies and antenna array configurations 
(using reconfigurable antenna arrays) is shown to pro-
duce maximum capacity gains.  

Hence, we deduce that the approach of physical layer 
adaptation is becoming more and more an interesting 
subject in the telecommunication area. Nevertheless, 
previous works assumes ideal Channel State Information 
(CSI) and no feedback delay. 

So, to evaluate the performances of theses algorithms 
while considering practical contexts, this paper considers 
the effect of channel estimation errors on a 2 × 2 MIMO 
OFDM switching algorithm.  

To summarize, using the Demmel condition number as 
a selection metric, we: 

1) Evaluate performances of OFDM switching algo-
rithm in ideal CSI. 

2) Study the effect of channel estimation on switching 
algorithm performances. 

3) Propose three methods to improve performances of 
this switching algorithm in practical contexts with non 
ideal CSI. 

This paper is organized as follows: the second section 
describes the OFDM-MIMO based system following 
with switching algorithm. The third section deals with 
MIMO-OFDM channel estimation effect on the switch-
ing technique. After a brief review of estimation methods, 
performances of the switching algorithm with non ideal 
CSI are showed and analyzed. Then, two solutions are 
proposed to improve these performances. The first one, 
although its additional complexity, reaches the perform-
ances of ideal CSI case. The second one enhances con-
siderably performances of switching algorithm without 
any change in the receiver design. In Section 4, Conclu-
sion and perspectives of the work are outlined. 
 
2. MIMO-OFDM System with Switching 

Algorithm 
 
2.1. System Model 
 
In this work, we consider The MIMO-OFDM transceiver 
following WiMAX standard as depicted in Figure 1. 
Different blocs are defined following 802.16e -2005 spe-
cifications [3].  

In the transmitter side, data are encoded using convo-
lutional codes. After bitwise interleaving, bits are 
mapped to M-QAM symbols. Then, the MIMO encoder 
is fed and OFDM samples are computed via the IFFT. 
Finally, the cyclic prefix is added. 

The MIMO module can be used to spatial Multiplex-
ing, Spatial Diversity or beamforming. In this paper, a 
switching algorithm is used to select between Spatial 
Multiplexing and MIMO Diversity in order to enhance 
performances of the MIMO system in terms of BER. To 
compare performances offered by proposed algorithms to 
that proposed in the literature, we adopt 2x2 MIMO ar-
chitecture, which means that we use two antennas in the 
transmitter side  2tN   and two antennas  2rN   
in the receiver one. 

SM Techniques are known to increase the throughput 
at a given SNR. The base station transmits independent 
data streams from each transmit antenna to the subscriber’s 
stations. It could be implemented using Zero-forcing 
(ZF), Maximum likelihood or MMSE (Minimum Mean 
Square Error) detectors [8]. The ZF detector inverts the 
channel matrix to detect the transmitted symbols. Even 
though it suffers from poor performances at low SNR, it   
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Figure 1. Block diagram of the MIMO-OFDM transceiver. 
 
is employed in this work as the detection scheme because 
it has a very small complexity and does not depend on 
the modulation type.  

MD uses two or more antennas in the transmitter and 
the receiver side to improve the wireless link quality. 
The main idea behind antenna diversity techniques is to 
produce different replicas of the transmitted signal to the 
receiver [5,6]. These replicas are sent over the propaga-
tion channel. Due to this redundancy, the receiver can 
decode the transmitted signal even in fading conditions, 
as long as they all do not fade simultaneously. In this 
work, we use the Alamouti code as a Space Time Block 
Code (STBC).  
 
2.2. Switching Between SM and MD 
 
Link adaptation plays a central role in regulating the use 
of radio resources. The idea behind switching algorithm 
is to dynamically adapt the MIMO technique and the 
modulation scheme to channel conditions in order to 
achieve the highest Bit Error Rate (BER) performances. 
Several channel metrics were proposed as selection crite-
ria. The well-known metrics are Signal to Noise ratio, 
channel matrix determinant [13,14], the minimum Eucli- 
dean Distance [9,10] and the Demmel condition number 
[11,12]. In this work, the OFDM switching between the 
SM and the DM techniques is based on the Demmel 
condition number  d K  criterion. It can provide infor-
mation about the invertibility of the channel which pro-
vides knowledge about its suitability for use in either SM 
or MD operational modes [18]. The Demmel condition 
number for a random real or complex matrix H is de-
fined in [19] as: 

   min

n F
d n

n

K



H

H
H

            (1) 

where Hn denotes the MIMO channel matrix of the nth 
subcarrier, min n H  refers to the minimum singular 

value of Hn and  refers to the Frobinüs norm.  
F

The Demmel condition number measures how ill 
posed a given matrix is. Physically, in [7] it was shown 
that this metric provides a comparison between the 
minimum signal constellation distance needed to support 
SM and MD modes of operation for a given channel.  

Considering the expression of the Demmel condition 
number given by Equation (1), one sufficient condition 
that multiplexing will be better than diversity for a given 
channel matrix is given in [9] by: 

  min,

min,

SMt
d n

MDt

d

d
K H ,              (2) 

where dmin,SMt and dmin,MDt are minimum Euclidean dis-
tances at the transmitter side in case of SM and MD, re-
spectively. 

The switching algorithm adds an extra processing in 
either the transmitter or the receiver. The decision is first 
computed by the receiver, for every subcarrier, then, it is 
sent back to the transmitter via a low rate feedback 
channel. Depending on the received decision vector, the 
transmitter will switch between the two MIMO tech-
niques.  

To ensure that an overall rate of R bits per codeword is 
maintained, symbols are derived from a constellation 
with R bits per symbol when MD technique is chosen 
and with R NT  bits per symbol when SM is chosen.  

Given that every subcarrier has its appropriate channel 
matrix and consequently its Demmel condition number, 
the decision is taken for every subcarrier. The switching 
algorithm will select the adequate MIMO technique in 
every subcarrier. 
 
2.3. Performance Evaluation with Ideal CSI 
 
Performances in terms of BER of Demmel condition 
number was evaluated in case of narrowband channels in 
[9]. In order to evaluate these performances of switching 
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algorithm, in case of broadband channels, computer si-
mulations are carried out using the same physical layer 
as specified in 802.16e standard and summarized in Ta-
ble 1. The multipath channel is modeled following the 
Stanford University Interim (SUI4) channel model [20, 
21]. 

In each channel realization, we assume having a time 
invariant Rayleigh fading channel for every block of 
three OFDM periods. Simulations are done such that Bit 
Error Rates (BER) is averaged for every 300 channel 
realizations.  

In Figure 2, we consider the subcarrier based switch-
ing algorithm (denoted as “switching”) in comparison 
with SM and MD performances. We also illustrate per-
formances of the “keep method” as referred in literature, 
which applies the switching algorithm for clusters of 
subcarriers. In fact, the choice of multiplexing or diver-
sity could be made for a group of subcarriers whose total 
band corresponds to the coherence bandwidth of the 
channel, and this reduces the feedback information.  

If we use for example the SUI4 channel model (the 
delay spread values of up to 4 µs), the multipath fading 
can be considered as flat fading over 50 KHz frequency 
width. So, as the sub-band width Bs of an OFDM mobile 
WiMAX system is equal to 10.94 KHz, the cluster would 
be composed of 5 subcarriers and the feedback would be 
reduced by a factor of 5. 

First, we notice that results show a gain of 2 dB at 
BER = 10-3. This gain outlined by [9] is of about 1 dB at 
higher SNRs and a marginal gain at lower SNRs. 

Also, the Figure 3 shows that using the “keep me-
thod” gives same performances as the switching applied 
in every subcarrier, with a reduced feedback. 
 
3. Analysis and Improvement of Switching 

Algorithm Performances with Non-Ideal 
CSI 

 
In the previous part of this work, the switching algorithm 
has been developed and studied under the hypothesis of 
perfect channel Knowledge. Nevertheless, in practical 
context, channel estimation is a mandatory task allowing 
the receiver to do the Frequency or Temporal Equaliza-
tion. Hence, when the channel is estimated, estimation 
errors may induce erroneous decisions that affect 
switching algorithm performances.  

In this section, we propose to study the effect of 
channel estimation on the switching algorithm. After a 
brief review of channel estimation techniques, we evalu-
ate and analyze performances of the switching method in 
case of imperfect channel knowledge. Then, two solu-
tions are presented to improve these performances. 

Table 1. Simulations settings. 

Channel bandwidth 5 MHz 

Sub carrier spacing 10.94 KHzf   

OFDM symbol period 9.14 μssT   

Cyclic Prefix 22.8 μs
4

s
g

T
T    

Number of sub carriers 512FFTN   

Modulation scheme 16-QAM for MD and 4-QAM for SM 

Power delay profile SUI4 channel model 

Sampling Frequency 5.6 MHze f FFTF N     

 

 

Figure 2. Performances of Subcarrier based switching algo-
rithm. 
 
3.1. Review of Channel Estimation Techniques 

in MIMO-OFDM Context 
 
Channel estimation is needed in multipath channels in 
order to perform frequency domain equalization. In 
MIMO-OFDM context, we have a  channel 
matrix, so MIMO channel estimation is equivalent to 
estimate 

 r tN xN 

 r tN xN  SISO channels [22,23], and specific 
arrangements and pilot positions must be respected at the 
transmitter by taking into account the number of transmit 
antennas. The channel estimation is performed in two 
steps: the channel detection at pilot tones, then interpola-
tion to unknown pilots. 

In this work, we use the com-type pilot channel esti-
mation, which is suitable for fast variable channel [24]. 
In this technique, pilot tones are inserted in specific sub-
carriers of each OFDM symb l, and the interpolation is  o 
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(a)                                                           (b) 

Figure 3. Performances of switching algorithm in case of estimated channels. (a) LS channel estimation; (b) MMSE channel 
estimation. 
 
needed to estimate the channel coefficients in data sub-
carriers. given by the term min,

min,

SMt

MDt

d

d
  . When the receiver com-  

 
putes the Demmel condition number of the estimated 
channel matrix  ndK H , a decision error may occur in 
two cases, the first is when  ndK H  wheras 

 d nK H , and the second is when  ndK H  
wheras  

3.2. Performance Evaluation of the Switching 
Algorithm with Non-Ideal CSI 

 
The objective is to show, by simulation, the effect of the 
channel estimation on the switching algorithm. We adopt 
same simulation settings as those described in Subsection 
2.3. 

d nK H . 
According to Figure 3, as the SM is the more suitable 

MIMO technique, the switching algorithm had to choose 
it, which is not the case. So the probability of SM selec-
tion is reduced when the channel is estimated. 

We illustrate in Figure 3 switching performances, in 
terms of BER using LS and MMSE estimators. 

To verify this deduction, we study this probability, 
equal to   Pr d nK H

K
. For that, we use the prob-

ability distribution of d n

Figure 3 shows that whatever is the channel estima-
tion technique, the switching algorithm doesn’t work 
properly. Also, we deduce that the spatial multiplexing is 
the best to apply when the channel is estimated, and the 
MIMO diversity is the most affected. This is due to the 
constellation size used in each MIMO technique. In fact, 
the SM scheme is associated to a 4-QAM modulation; 
however the MD scheme works with 16-QAM modula-
tion, which is more affected by estimation errors. 

H  which is defined in 
[25,26], for m x m square matrix with Independent and 
Identically Distributed elements, by the following equa-
tion: 

    
2 12Pr 1 ,

m

d nK m m  


   H     (4) 

As well, the probability distribution of  ndK H  is 
given by (5): To explain the performances degradation of the 

switching, we analyze the influence of channel estima-
tion errors on the d nK H  computation, which make 
decisions of the switching algorithm erroneous. Let’s 
denote n  the Demmel condition number variation, 
as defined in (3). 

kd

     

  
2 12

Pr Pr

 1

nd d n

m

n

nK K k

m kd

 




    

   

H H d
   (5) 

with  nm kd    .    .nn d d nkd K K  H H           (3) 
Curves in Figure 4 give the CDF (cumulative distri-

bution function) of  d nK H . We also verify the theo-
retical expression of  ndK H  with simulations. 

where  nH  denotes the estimated channel matrix. 
The decision threshold of the switching algorithm is  
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Figure 4. CDF of  in cases of ideal and non ideal CSI. dK

 
As mentioned above, the probability of choosing the 

SM technique decreases, and makes decision errors oc-
curs when applying the switching algorithm.  

Also, when analyzing the Expression (5), we deduce 
that the Demmel condition number variation  nkd  
could be expressed by a shift in the decision threshold 

. Hence, one idea consists of using an “opti-
mal threshold” to offset the effect of channel estimation 
on the decision metric. This is the topic of the next sub-
section.  

 nkd   

 
3.3. Analysis of Erroneous Switching  

Decision-Optimal Threshold Technique  
Description 

 
The objective is to settle, for each estimator NMSE 
(Normalized Mean Square Error) value, an optimal 
threshold opt  that minimizes the switching decision 
errors by compensating n . The MSE is defined in 
(6), for 

kd
sN  channel realizations. 

 2

21

1 s
kkN

k
s k

NMSE
N 


 

H H

H
         (6) 

for that, we apply the switching algorithm to estimate 
channels with different NMSE values, and we determine, 
for each of them, the optimal threshold value that allows 
the same switching decision as the one deduced in the 
case of a perfect channel knowledge. The sN  value is 
chosen equal to 800, for which a further increase holds 
negligible impact on opt . We illustrate in Figure 5 re-
sulted optimal thresholds as functions of NMSE. 

The curve of Figure 5 shows that opt  increases with 
NMSE, which means that probability of SM selection 
should increase as much as the estimation error is im-
portant. This agrees with results in Figure 4 where we 

show that the variation nkd  take positive values and 
according to (5), the SM selection probability decrease as 
the nkd  increase.  

Basing on several previous works that are interested to 
study the relation between SNR and MSE in estimated 
channels [27], the optimal threshold technique is sum-
marized according to the following steps: 

1) Fix the SNR value which is considered as a metric 
of Channel State Information. 

2) Determine, from the SNR value and its correspon- 
ding MSE, opt  value that will be used in the switching 
algorithm. 

3) Apply the switching algorithm, using opt , to choose 
the appropriate MIMO technique. 

To validate this extra-processing, percentages of 
switching decision errors, when using   are compared 
to those when using opt . As shown in curves of Figure 6,  
 

 

Figure 5. Optimal threshold fixing for different values of 
NMSE. 
 

 

Figure 6. Percentage of erroneous decisions—Comparison 
between using   and opt . 
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using optimal threshold improve considerably the switch-
ing decision. 

To study the impact of the decision on performances 
of switching module in terms of BER, we evaluate per-
formances of switching algorithm with threshold adapta-
tion compared to those using fixed threshold. 
The curves of Figure 7 show that the amelioration 

added by adaptation process is poor and the switching 
technique performances are no longer degraded com-
pared to Spatial Multiplexing. So, we conclude that 
channel estimation errors will not create decision errors 
only and that the switching algorithm degradation is also 
due to the effect of these estimation errors on two MIMO 
modes at the time of equalization. This is due to the de-
pendence of channel estimation error on M-QAM con-
stellation in Rayleigh fading channels [28,29]. In fact, 
estimation errors are as more important as the constella-
tion is greater. The modulation order used for every 
technique (4-QAM and 16-QAM) exhibits an error floor 
for low values of SNR (< 25 dB) and this has an impact 
on performances of switching algorithm. The blue curves 
show that in SNR range [0-25], the SM technique gives 
better performances than switching algorithm. Neverthe-
less, for high values of SNR, The switching algorithm 
works properly. Hence, developing a robust channel es-
timation method is essential to exploit performances of-
fered by the advanced MIMO algorithms as the switch-
ing algorithm. 
 
3.4. Proposal Solutions to Improve the Switching 

Algorithm with Non-Ideal CSI 
 
In this subsection, we describe two solutions to reduce  
 

 

Figure 7. Performances of the switching algorithm using 

opt  in case of estimated channels. 

estimation errors in order to improve the switching algo-
rithm performances even in low SNR. The first technique 
is to develop a robust method of channel estimation; the 
second is to use a reduced constellation in the estimation 
by describing a novel channel estimation process. 
 
3.4.1. Robust Channel Estimation 
In [30], we have developed an IFFT/FFT LS estimation 
channel method based only on the knowledge of the 
power delay profile of the channel. It consists of adding 
an extra IFFT/FFT processing to better estimate channel 
coefficients. This method is summarized according to the 
following steps [30]: 
 Apply the conventional LS estimator to determine 

a first approximation of channel frequency re-
sponse coefficients. 

 Convert LS estimated coefficients into the time 
domain, using the IFFT transform. The result of 
this step is impulse response coefficients n̂h  for n = 
0, , (N – 1) where N is the subcarrier number. 

 Exploit the information providing by the path delay 
which is the number L and positions of taps. So, 
corresponding impulse response coefficients are 
kept, the remaining (N – L) non considered coeffi-
cients will be set to zero. This is conveyed by (6). 

 0 1 1
ˆ if   in , , ,

0 else
n L

n

h n l l l
h 

 


          (7) 

where  0 1 1, , , Ll l l   is the set of taps index. 
 Apply the FFT transform to the new impulse re-

sponse h  to obtain frequency response coeffi-
cients nH  for 0,1, , 1n N  . 

 
3.4.2. New Switching Process 
In Subsection 3.3, we’ve shown that the switching algo-
rithm performances degrade because of different con-
stellation size used by the two MIMO modes. So, the 
idea of this part of the work consists of using a small 
constellation size to improve the channel estimation and 
so the switching algorithm.  

For that, we propose to apply a training process based 
on the transmission of two OFDM symbols, during one 
OFDM symbol period, using the 4-QAM modulation 
with SM as a MIMO scheme. By assuming that the 
channel is constant over three OFDM symbol periods, 
the information provided after this training period is ex-
ploited to: 
 Compute the Demmel condition number to have 

knowledge about the “goodness” of every subcar-
rier for use in SM or MD. The decision vector will 
be applied to do the switching in the next two 
OFDM symbol periods. 

 Apply the estimated channel coefficients in equa- 
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lization task along three OFDM symbol periods.  
Thus, in the first OFDM symbol period, we require the 

SM as a MIMO technique, and in the remaining two 
OFDM symbol periods, the switching algorithm is ap-
plied with a good decision vector and good channel es-
timation.  
 
3.4.3. Simulation Results 
First, Figure 8 shows BER performances of MIMO sys-
tem using the improved estimation as described in Sub-
section 3.4.1. 

Figure 8 shows that the improved estimation offers 
BER performances that are close to the perfect case with 
good channel knowledge, for each of the three tech-
niques (SM, MD and the switching) . Also, the switching 
algorithm works properly and performs better than 
MIMO Diversity and spatial multiplexing. This will keep 
its performances and advantages. 

Then, Second results, given in Figure 9, deal with 
new switching process validity, we present, BER per-
formances, versus SNR. 

As expected, Figure 9 shows that the new estimation 
process enhances the performances of switching algo-
rithm compared to SM and MD techniques. Results show 
a gain of about 5 dB at BER = 10-3. 
 
4. Conclusions 
 
In this paper, we presented an OFDM switching algo-
rithm adapted to MIMO-OFDM systems. The switching 
whose criterion is based on the value of Demmel Condi-
tion number was done between Spatial Multiplexing and 
MIMO diversity. Simulations results show that better 
performances are offered by the switching algorithm in 
case of perfect channel knowledge. A gain of 2 dB is 
outlined at a BER = 10-3. However, these performances 
are damaged when we consider a practical context with 
non-ideal CSI. Especially, the MIMO Diversity is more 
affected by estimation errors than the Spatial Multiplex-
ing. This is due to the size of the used constellation in 
each technique. In fact, in MIMO diversity, we employ a 
greater constellation (16-QAM) than that used in the SM 
technique (4-QAM).  

For that, two solutions are proposed to improve per-
formances of the switching algorithm under these condi-
tions. The first consists of using a robust channel estima-
tion technique by adding an extra-processing to the LS 
estimator. The second solution is to employ a train-
ing-processing with 4-QAM constellation in order to fix 
the decision vector to be used in the switching, and at the 
same time to make better channel estimation with a re-
duced constellation size. Simulation results of both solu-  

 

Figure 8. Performances of subcarrier based switching algo-
rithm with improved channel estimation. 
 

 

Figure 9. Performances of subcarrier based switching algo-
rithm with new estimation process. 

 
tions showed performances close to those offered under 
ideal-CSI condition. 
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