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Effects of Channel Features on Parameters of Genetic Algorithm
for MIMO Detection

Kazi OBAIDULLAH†, Constantin SIRITEANU††, Nonmembers, Shingo YOSHIZAWA††∗, Member,
and Yoshikazu MIYANAGA††a), Fellow

SUMMARY Genetic algorithm (GA) is now an important tool in
the field of wireless communications. For multiple-input/multiple-output
(MIMO) wireless communications system employing spatial multiplex-
ing transmission, we evaluate the effects of GA parameters value on
channel parameters in fading channels. We assume transmit-correlated
Rayleigh and Rician fading with realistic Laplacian power azimuth spec-
trum. Azimuth spread (AS) and Rician K-factor are selected according to
the measurement-based WINNER II channel model for several scenarios.
Herein we have shown the effects of GA parameters and channel parame-
ters in different WINNER II scenarios (i.e., AS and K values) and rank of
the deterministic components. We employ meta GA that suitably selects
the population (P), generation (G) and mutation probability (pm) for the
inner GA. Then we show the cumulative distribution function (CDF) ob-
tain experimentally for the condition number C of the channel matrix H. It
is found that, GA parameters depend on the channel parameters, i.e., GA
parameters are the functions of the channel parameters. It is also found
that for the poorer channel conditions smaller GA parameter values are re-
quired for MIMO detection. This approach will help to achieve maximum
performance in practical condition for the lower numerical complexity.
key words: Azimuth spread, condition number, correlation, fading, genetic
algorithm, K-factor, Maximum likelihood, Meta GA, MIMO, WINNER II

1. Introduction

Multiple-input/multiple-output (MIMO) wireless communi-
cations system has employed to improve performance over
fading channels. MIMO system can provide higher bit
rates and smaller error rates and therefore, predict tremen-
dous performance gains over the conventional SISO con-
cepts [1]. Spatial multiplexing techniques transmit infor-
mation sequence independently over multiple transmit an-
tenna without requiring additional bandwidth or transmis-
sion power. Thus, MIMO spatial multiplexing promises to
generate a data-rate increase proportional to the minimum
of the number of transmit and receive antenna [1]–[3].

However, the actual gains achievable in practice can be
much smaller especially for unsuitable channel propagation
conditions [4]. Nevertheless, the conventional MIMO detec-
tion techniques, e.g., maximum-likelihood (ML), matched
filter (MF), zero-forcing (ZF) and minimum mean square
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error (MMSE), do not account for condition number (the ra-
tio of the largest to the smallest singular values of the chan-
nel matrix with the fading gains) [5]. The condition number
C for MIMO system is calculated from the instantaneous
channel matrix H. The channel is called well conditioned if
a small error of the matrix coefficients results in small error
of the solution and the reverse process is called ill condi-
tioned channel.

Previous work on GA for MIMO [6]–[8] detection has
not considered the effects of GA parameters, i.e., popula-
tion size (P) and generation number (G) which determine
the GA computational complexity on channel parameters,
i.e., AS and K different propagation scenarios and deter-
ministic ranks which determine Rayleigh and Rician fading
channels.

Therefore, this paper shows by CDF how the channel
fading assumption and parameters influence the required P
and G values in different channel fading conditions. Since
the ranges for these possible values are wide, the system-
atic searches for the best one is extremely complex. Genetic
algorithms (GAs) implement evolutionary concepts [9] and
have been shown feasible in finding solutions to optimiza-
tion problems for the MIMO wireless systems [10], [11].
GA is able to overcome the user demand whereas conven-
tional detectors are inefficient (poorer performance or higher
complexity) [11]. The objective function (fitness function)
of each individual, i.e., the value of individuals within the
chromosome is determined according to [6], [11], which is
based on the likelihood criterion.

To achieve higher probability, GA parameter require-
ments should be high. GA parameter requirements also de-
pend on the number of antenna at the transmitter NT . For
higher probability, higher the NT larger the GA parameter.
A larger GA parameter increase is required when increase
NT . This is because the length of the individual greatly en-
larges the search spaces. In our work we have considered
NT = 4.

Our simulation results are based on the WINNER II
channel models. WINNER II has produced a valuable set
of realistic MIMO channel models [13] and acts against the
limitations of conventional channel models. Since AS and
K plays an important role for MIMO wireless system perfor-
mance [1] so one should use instead accurate AS and K val-
ues which have recently become available in [13]. WINNER
II has modeled AS and K as lognormal distributions with
scenario-dependent mean, variance and correlation. These
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models also propose a Rician distribution for both the chan-
nel fading line of sight (LOS) and non-LOS (NLOS) propa-
gation.

A Meta (outer) GA [12] is employed instead in or-
der to evaluate the statistics of the required GA parameter
values. In this paper, Meta GA searches for the most suit-
able values for the inner GA. This approach is new and ex-
ploited merely as a tool to reveal how the statistic of the
required GA parameters are influenced by the MIMO chan-
nel statistic. Therefore, this contribution can help to find
the complexity cost in different channel propagation scenar-
ios/environments. Thus, GA-based MIMO detection of spa-
tial multiplexing transmission is able to define the relation
between GA parameter and channel parameter.

Our numerical results are based on the following:
• Rayleigh and Rician fading (various ranks of the chan-
nel matrix mean) with Laplacian power azimuth spectrum
(PAS).
• AS and K values set by the means of the lognormal dis-
tributions (average and random) and correlation obtained by
the WINNER II [13] for several relevant scenario types.

The related studies (previous work on GA) have also
not explore the optimum GA parameters as for advanced
(WINNER II) MIMO channel conditions. This paper has
explored the optimum GA parameters for various channel
conditions.

Simulation results have shown in Sect. 6, we have
found that GA parameters depend on the channel parame-
ters and GA complexity differs with various channel con-
ditions according to their performance (poorer the perfor-
mance lower the complexity or vice versa).

GA parameters are the function of the channel param-
eters which is a new step for GA-based MIMO detection in
the wireless communications.

In this paper, scalars, vectors and matrices are repre-
sented by lower case italics, lowercase boldface and upper-
case boldface, respectively. Further, (·)H and (·)τ stands for
Hermitian transpose and transpose operation, respectively,
[·]i, j indicates the i, jth element of a matrix, ‖ · ‖ denotes the
norm of a vector, P stand for set of trial solution, gene rep-
resents a certain value set (bit) and alleles indicate the value
of the gene (zero or one).

The rest of this paper is organized as follows. Section 2
introduces the models of the transmit signal, fading channel,
receiver noise as well as the AS and K-factor. Section 3 de-
scribes conventional ML MIMO detection approach. Sec-
tion 4 describes GA-based MIMO detection. Section 5
shows meta GA approach. Finally, Section 6 shows numer-
ical results by using MATLAB [15].

2. System Model

2.1 Signal, Channel and Noise Models

Figure 1 shows the MIMO spatial multiplexing wireless
communications system. We consider a frequency-flat

Fig. 1 MIMO spatial multiplexing.

Rayleigh and Rician fading MIMO channel with NT trans-
mit antennas and NR receive antennas. Herein, we assume
that NR ≥ NT . For the numerical results shown later in
this paper, each component of x is drawn from an Q-PSK
modulation constellation. The complex-valued signal vec-
tor x = [x1 x2 . . . xNT ]τ is transmitted from the base station
an NT × 1. Therefore, the NR × 1 signal vectors received at
the mobile station can then be written as [1]

y =

√
Es

NT
Hx + n. (1)

In Eq. (1), Es is the total transmit energy and Es

NT
is

the energy transmitted per antenna, H is the NR × NT com-
plex value channel matrix with the channel fading gains
|[H]i, j |. It is assumed perfectly known and the noise vector
n is the zero mean circularly symmetric complex Gaussian
with variance N0 × INT . The channel matrix H rows, their
deterministic and their scatter components are denoted by
hi = [h1 h2 . . . hNR ], hd,i = [hd,1 hd,2 . . . hd,NR ] and hr,i =

[hr,1 hr,2 . . . hr,NR ], respectively, for i = 1 : NR. We as-
sume that hr,n,i are independent with identical distribution
hr,n,i ∼ Nc(0,RT ), then hi are uncorrelated with distribu-
tion hi ∼ Nc(hd,i,RT,K) with NT × NT covariance matrix
RT,K =

1
K+1 RT (when K � 0, RT,K = 1/(K + 1)RT and

for K = 0, RT,K = RT ). Therefore, the Gaussian matrix
Hr,n = Hw,r,nR1/2

T (R1/2
T is the decompose form of Hermi-

tian matrix RT and Hw,r,n are Rayleigh channel components)
with independent [Hw,r,n]i, j ∼ Nc(0, 1).

The widely-recognized European WINNER II project
has shown in [13] that measured H is a combination of a
deterministic (i.e., mean) component (due to specular prop-
agation) and a stochastic (i.e., random) component (due to
diffuse propagation), i.e., H = Hd+Hr. Hd,n and Hr,n are the
normalized value of Hd and Hr, respectively, i.e., ‖Hd,n‖2F =
NT NR and E|[Hr,n]i, j|2 = 1, ∀i, j and then E‖Hr,n‖2F = NT NR

and H is properly normalized. In terms of normalized com-
ponents, the channel matrix can be written as [1], [4]:

H =

√
K

K + 1
Hd,n +

√
1

K + 1
Hr,n. (2)

where K is the Rician K-factor and is the power ratio of
the deterministic and the random components of the channel
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gain matrix are shown in (3) [4]:

‖Hd‖2F
E|Hr]|2F

=

K
K+1‖Hd,n‖2F
1

K+1E‖Hr,n‖2F
= K. (3)

We assume that [H]i, j are complex-Gaussian distributed.
Then, for K = 0 the term Hd = 0 and then H = Hr = Hr,n.
Therefore, the fading gains |[H]i, j| are purely Rayleigh dis-
tributed. For Hd nonzero channel mean, i.e., K � 0, and the
elements of Hr are complex-valued. Gaussian random vari-
ables [H]i, j has a Rician distribution and can model most
measured scenario [14]. For K = ∞, the channel is non-
fading (IID). Our simulation results are shown in Sect. 6 for
IID, Rayleigh and Rician fading. For Rician fading, we as-
sume that r = 1, NT . For Rayleigh fading, r = 0 because
Hd = 0 which is the only rank-zero matrix. We also assume
correlation at the transmit side and no receive correlation.
Thus, the elements on each row of H are correlated but the
elements on each column are not.

The performance of the multi-antenna system depends
on the antenna geometry and channel condition that deter-
mines the rank (Hd,n). Rank (Hd,n) = 1 or NT depends on
the transmitter and receiver separation, D, as well as an-
tenna elements separation x at the transmitter and receiver.
For (Hd,n) = 1 (outdoor scenario) D 	 x. In practice r is
typically low [1]. On the other hand (Hd,n) = NT (indoor
scenario) D and x are similar.

2.2 Statistical models for AS and K-Factor

MIMO system performance depends on the AS and K val-
ues [1]. The AS is defined as the second central moment
of the PAS, i.e., AS is the root mean square of the power
azimuth spectrum (PAS) and determines the fading corre-
lation. For the smaller AS, the received signals are highly
correlated and the diversity gain is low. For higher AS, an-
tenna correlation is low and therefore, the diversity gain is
high [16]. For the numerical results shown in Sect. 6, we
assume Laplacian PAS since it models well measured az-
imuthal power distribution and was also adopted in WIN-
NER II.

Using thorough measurements the WINNER II project
has modeled AS and K as lognormal random variables with
scenario-dependent mean, variance and crosscorrelation as
shown in Table 1, where χ, ψ ∼ N(0, 1) and have correlation
ρ [13], [17].

This table depicts the three WINNER II scenarios con-
sidered: 1) A1 (indoor) with mean AS of 56◦ and mean K of
7 dB; 2) B1 (urban microcell) with mean AS of 3◦ and mean
K of 9 dB; and C2 (urban macrocell) with mean AS of 11◦

Table 1 Base-station AS and K statistics [13, Table 4-5].

Scenario AS [◦] K ρ

A1: indoor 101.64+0.31χ 100.1(7+6ψ) −0.6

B1: urban microcell 100.40+0.37χ 100.1(9+6ψ) −0.3

C2: urban macrocell 101.00+0.25χ 100.1(7+3ψ) +0.1

and mean K of 7 dB.

3. ML Detection

ML is a nonlinear optimum MIMO detection criteria [1].
For given H, the optimum (nonlinear) detection approach is
to search all MNT candidate vectors [1], [8] for

x̂ML = arg min
x

∥∥∥∥∥y −
√

Es

NT
Hx
∥∥∥∥∥2. (4)

Where ‖ · ‖2 denotes the norm-2 of a vector.
The ML detection solution is the signal vector that min-

imizes the distance between the received signal vector and
the linear combination of the channel matrix and the tested
signal vector. ML can perform well but may require higher
complexity due to the exhaustive search [8].

4. GA Detection

GAs are numerical optimization algorithms and can imple-
ment evolutionary concepts to solve complex optimization
problems. GA balances exploitative (i.e., covering the space
by crossover and mutation) and explorative principles (i.e.,
choosing the best candidates by selection) to expeditiously
optimize functions over large space. GAs are often em-
ployed to reduce the complexity of searching for solutions of
multidimensional optimization problems. Therefore, GAs
are feasible competitors in MIMO detection [6], [8].

Figure 2 shows the steps of a typical GA. Some
stochastic operators, i.e., selection, crossover and mutation
are used to find the better solution. It maintains a popu-
lation P of candidate solutions, i.e., chromosomes or indi-
viduals. At every GA generation the current population of

Fig. 2 Genetic algorithm diagram.



OBAIDULLAH et al.: EFFECTS OF CHANNEL FEATURES ON PARAMETERS OF GENETIC ALGORITHM FOR MIMO DETECTION
1987

candidate solutions is evolving into a new population as dis-
cussed next.

Proper initialization is an important factor for GA con-
vergence [8]. First population, i.e., the set of trial solutions
are generated at this stage. However, the results are given by
GA initialized with P random individuals [18]. In our case
GA population forms a NT × P matrix. The columns in this
matrix are candidate transmitted signal vectors x.

Then, the following metric is used to determine the fit-
ness of each individual x in the population:

d =
∥∥∥∥∥y −

√
Es

NT
Hx
∥∥∥∥∥. (5)

A smaller d indicates a fitter candidate solution. Fitter indi-
viduals (better genes) are more likely to be selected to pro-
duce offspring individuals.

For the next generation, parents are selected based on
their fitness value calculated with (5). We use for the selec-
tion of the fitness-proportionate method [8]. This method
is referred roulette-wheel selection [19], whereby the fitness
of the parents determines the probability of their generating
offspring.

Crossover is working as the primary operator to cre-
ate new individual. We use uniform crossover. Uniform
crossover allows for gene exchange at any position in the
chromosome, i.e., each of the NT positions. The gene ex-
change is typically allowed with a certain probability. Then,
offspring individuals are formed by copying symbols from
one parent to the other. It is chosen according to a randomly
generated binary crossover mask of the equal length as the
chromosomes [8].

Mutation acts as the secondary operator. It helps the
algorithm converging to the global optimum instead of the
local optimum. This operator is responsible for introducing
fresh and missed alleles into the population. Random mu-
tation change the components of offspring individuals with
probability pm. In our case, each symbol of an offspring
individual is allowed to mutate into any other constellation
symbol with mutation probability pm.

The objective function of each individual is determined
according to [6]. Elitism is employed in order to avoid dis-
carding the best solutions by replacing the lowest-fitness off-
spring with the highest-fitness parent indivitual [20] in every
generation. As a result, the search space is greatly devel-
oped.

Finally, GAs typically run for a predetermined number
of iteration (generation) denoted by G. Termination crite-
rion helps to decide that the GA will continue for searching
or stop. Then, GA complexity is proportional with the prod-
uct P G, i.e., GA complexity increases linearly in both the P
and G [8].

5. Meta GA Approach

Meta GA discovers different settings for parameter tuning.
It is possible to use another GA for tuning the parameter sets
instead of setting all parameters through error and trial basis.

Fig. 3 Structure of employed algorithm.

That is why this GA is called Meta GA (outer GA) and it is
comes from Greek word μετα. Meta GA targets automatic
parameter calibration for the inner GA (inner GA parame-
ter optimization). In our case, three variable optimizes are
P, G and pm. The advantages of the Meta GA is a small
tuning time as a result and thus less with less computational
complexity. It is attractive due to its automated search.

We employ Meta GA in order to determine the most
suitable parameters for the inner GA which is then used to
compare the effects of GA parameters on channel parame-
ters. The structure is shown in Fig. 3. In some ranges of
possible values for P, G and pm, Meta GA has responsible
for selecting the most suitable values for the inner GA. The
outer GA generates the fittest triple [P, G, pm] which is then
employed by the inner GA. The inner GA then determines
the fittest value of the transmitted signal vector, x. Meta GA
has an additional complexity but this complexity does not
affect much for higher number of transmit antennas and for
modulation constatation size.

To optimize outer GA we initialize the GA randomly.
The brief optimization process for Meta GA:

for g = 1 : 20 (g = generation outer GA)
if g == 1
fitness computation for outer GA (sort fitness P, G and pm,
‘descend’)
——
best parents = best (:,1)
end;
evaluate selection, crossover and mutation ;
—–
Obtained offspring;
fitness computation for offspring;
—–
Elitism: replace worst child with best parent;
best(:, P) = best parents
re-sorting
—–
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return best parent (at each generation, if necessary)
best parents = best(:,1)
end
select the fittest of parameters

6. Numerical Simulation Results

6.1 Settings

We assume that H is perfectly known at the receiver, i.e.,
the receive correlation matrix is set to INR . Therefore, each
column of H are uncorrelated. The correlation between the
elements of each row of H, i.e., the transmit correlation is
then computed for a given AS value as mentioned in [21]. In
the transmit-side PAS is set to the realistic Laplacian type,
where the angle is set to θc = 5◦. In the figure, titles symbols
‘a’ and ‘r’ indicates that Hw,r,n is average over single sample
and average over random samples (over the WINNER II AS
and K distributions), respectively. According to Table [13,
Table 4-5] AS and K have been generated for 10,000 sam-
ples. The value of r represents the rank of the channel ma-
trix. The transmit and receive antennas are uniform linear
arrays (NT = NR = 4) where inter element distance is equal
to the half of the carrier wave length.

Each of the figure in the next subsection shows the re-
sults obtained from Ns = 4096 trials. The channel matrix
H, transmitted symbol vector x and receiver noise vector n
are either the same or different from trial to trial. We have
set M = 4 (i.e., QPSK) and NR = NT = 4. Scalar x is the
antenna element separation, d indicates the fitter candidate
solution and d is the deterministic components.

The outer GA population size, generation number and
mutation probability has been set to Pout = 20, Gout = 20
and pm,out = 1/(Pout

√
3) = 0.029. The GA has been initial-

ized randomly.
The inner GA has been initialized randomly which is

indicated with ‘M0’ in the figure titles and have shown
in Sect. 6.2 following the notation from [8]. Selection is
the fitness proportion method and fitness value is calcu-
lated by likelihood criterion [6]. The crossover operation
employs the uniform approach but gene exchange is unre-
stricted (with a certain probability). For simplicity, incest is
allowed but elitism is implemented.

In the presence of noise, the signal-to-noise ratio
(SNR), i.e., Es/N0, is set to 20 dB mentioned in the figure
titles. We have generated 2N2 = 4096 samples of the chan-
nel matrix, i.e., of the random components, Hw,r,n. Note that
both N2 and Ns = 4096 appear in the figure titles. Some of
the figures title also display in full the total number of sam-
ples, i.e., Ns = 2N2 = 4096.

We have generate Hd,n in the following way:
• For Rician fading with r = 1, Hd,n is generated as

the outer product of the receive and transmit array steering
vectors, i.e., aR and aT , respectively. Their elements are
given by e− jπdn sin θd,R(nR−1), nR = 1 : NR, (transmit signals
are received at the receiver based on the number of receiv-

Fig. 4 CDF of C, for 4096 trials for scenario A1, and samples of Hw,r,n,
x, n.

ing antenna) and e− jπdn sin θd,T (nT−1), nT = 1 : NR (Signals are
transmitted from the number of transmitting antenna), re-
spectively, where dn is the normalized interelement distance,
i.e., dn = 1, θLOS ,R = θd,R = 10◦ and θLOS ,T = θd,T = 5◦.
Then, Hd,n = aRaHT . Where θLOS ,R and θLOS ,T are the line of
site (LOS) components of the receive and transmit antenna
in the angular directions of θd,R (components to the receiver)
and θd,T (components from the transmitter) respectively.
• For Rician fading r = NT , Hd,n has been generated as

a unitary matrix.

6.2 Results and Discussion for Random H and x, and n

In this section, we considere the random samples of Hw,r,n,
x and n. Smaller value of condition number implies a well
conditioned channel matrix while large value indicates an
ill conditioned channel matrix. In practice (i.e., Hd = 1)
channel is highly correlated. As a result condition number
is high. Therefore, the condition number, i.e., the ratio of
the largest to the smallest singular value (σ1 ≥ σ2 ≥ σ3 ≥
· · ·σNT ) for the employed sample of Hw,r,n, was C = 7.9,
41.4 and 8.5, for rank(Hd,n) = 0, 1 and NT .

Figure 4 shows the CDF of the condition number C
of H for Rayleigh fading as well as Rician fading with
rank(Hd,n) = 1 and rank(Hd,n) = NT . C tends to be largest
for Rician fading with rank(Hd,n) = 1 then for Rician fading
with rank(Hd,n) = NT and smallest for Rayleigh fading.

6.3 Results and Discussion for fixed H and x, and n = 0

In this section, we considere the single sample of Hw,r,n, x
and no n. AS and K is WINNER II average. The outer GA
has been executed repeatedly 4096 times for the same condi-
tions, i.e., for the same sample of Hw,r,n (whose components
were generated randomly and independently one time from
a complex-value zero-mean and unit-variance Gaussian dis-
tribution) and x.
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Fig. 5 CDF of P, for 4096 trials for scenario A1, and one sample of
Hw,r,n, x, and no n.

Fig. 6 CDF of G, for 4096 trials for scenario A1, and one sample of
Hw,r,n, x, and no n.

Figure 5 depicts the CDF of P values selected by
the outer GA for the inner GA. Note that Rayleigh fad-
ing tends to require the largest P than by Rician fading
with rank(Hd,n) = NT and least for Rician fading with
rank(Hd,n) = 1.

Figure 6 depicts the CDF of G values selected by the
outer GA for the inner GA. Rayleigh fading tends to require
the largest G, followed by Rician fading with rank(Hd,n) =
NT and least G is required for Rician rank(Hd,n) = 1.

From Fig. 5, it is observed that, for the same probabil-
ity (0.7) the required population size for Rician rank 1 is
22 whereas required population for Rician full rank is 32
and Rayleigh is 34. Similar results (smaller scale) are also
observed for the other figures in the same subsection. Meta
GA approach reveals that the inner GA can be adapted to the

Fig. 7 CDF of P, for 4096 trials for scenario A1, and samples of Hw,r,n,
x, n, for S NR = 20 dB.

channel condition. It achieves lower numerical complexity
when the achievable performance is poor due to bad channel
condition.

6.4 Results and Discussion for Random, Transmit-
Correlated H, x and n in Scenario A1

Figure 7 depicts the CDF of P values selected by the outer
GA for the inner GA. AS and K set to WINNER II random
(average over random AS and K values) for scenario A1.
The elements of these matrices and vectors are all corre-
lated. There is transmit (and always no receive) correlation.

Note that Rayleigh fading tends to require the largest
P than Rician fading with rank(Hd,n) = NT . Rician fading
with rank(Hd,n) = 1 tends to require the smallest P.

Figure 8 depicts the CDF of G values selected by
the outer GA for the inner GA. Note that the condition of
rank(Hd,n) = 1 requires the smaller G than rank(Hd,n) = NT

and highest for rank(Hd,n) = 0.
Similarly, in Fig. 7 and Fig. 8, GA convergence is bet-

ter, i.e., execution time is minimum for r = 1 (more realistic
case) than r = 0 followed by r = NT . All the results sug-
gest that the condition of r = 1 offers an easer search space
for the GA. The strong directionality of the search space for
r = 1 appears to help faster GA convergence.

6.5 Results and Discussion for Random, Transmit-
Correlated H, Scenarios I.I.D., A1, B1, C2, Rician
rank 1, and Random x and n

Figure 9 depicts the CDF of P values selected by the outer
GA for the inner GA. This section shows the results for 4096
trials each of which is for a different sample of Hw,r,n, x and
n, i.e., the elements of these matrices and vectors are all
correlated. A comparison of the CDF for P revealed that
for Rician fading with rank(Hd,n) = 1 it tends to be higher
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Fig. 8 CDF of G, for 4096 trials for scenario A1, and samples of Hw,r,n,
x, n, for S NR = 20 dB.

Fig. 9 CDF of P, for 4096 trials for scenario Scenarios I.I.D., A1, B1,
C2, and random samples of Hw,r,n, x, and no n, for S NR = 20 dB.

for scenario A1 and C2 than for scenario B1; P tends to be
similar for B1 and i.i.d.

Figure 10 depicts the comparison of the CDF of G val-
ues selected by the outer GA for the inner GA and revealed
that, for Rician fading with rank(Hd,n) = 1 G tends to be
similar for i.i.d., A1 and C2 but much higher than from B1.
This is because a narrower power azimuth spectrum helps
better ‘steer’ the GA within the search space. Results from
Fig. 9 and Fig. 10 also suggest that GA parameters are af-
fected by the channel parameters and narrower power AS
spectrum offer an easer search space for GA convergence
faster for bad scenario condition, when rank(Hd,n) = 1.

We find that GA parameters are the function of the
channel parameters. For different scenarios and different
channel conditions GA parameter requirements are differ-

Fig. 10 CDF of G, for 4096 trials for scenario Scenarios I.I.D., A1, B1,
C2, and random samples of Hw,r,n, x, and no n, for S NR = 20 dB.

ent.

7. Conclusions

In this paper, we have evaluated the effects of channel pa-
rameter on GA parameter for MIMO detection in WINNER
II channel model. It has shown that GA parameter depends
on channel parameter. Using the meta (or outer) GA, we
are able to show that the complexity of the inner GA that
executs the MIMO detection can be adapted to the channel
propagation conditions. GA complexity is lowest for the
realistic case of Rician fading with lower rank of the chan-
nel matrix mean than Rician fading with large rank of the
channel matrix mean and most complex for Rayleigh fad-
ing. Similarly, lower parameter values are required for the
lower AS and higher parameter values are required for the
higher AS. GA-based MIMO detection requires complex-
ity proportional to the achievable performance, i.e., channel
conditions that yield poorer performance require lower com-
plexity whereas channel conditions that yield better perfor-
mance require higher complexity.
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