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Classical MIMO system model without antenna selection and MIMO
system model with antenna selection are presented. New quasi-opti-
mal low complexity algorithms of antenna selection are proposed for
MIMO communication systems. These algorithms allow to achieve
high spectral efficiency without significant increase of complexity. The
statistical modeling method is used to evaluate the efficiency of the
proposed algorithms and to compare their characteristics with the
characteristics of the known algorithms of full and partial combined
selection. The computational complexity of the proposed algorithms
is evaluated and been compared with the computational complexity
of the well-known algorithms of full and partial combined selection in
low-order and high-order MIMO system configurations. The possibili-
ty of practical application of new quasi-optimal algorithms in real
communication systems is clearly demonstrated by comparative
analysis of error-rate performance in conjunction with an assessment
of computational complexity. These applications provide significantly
improving of the energy performance of MIMO communication sys-
tems and it allows to improve quality characteristics of communica-
tions for subscribers or could be exchanged to the lower price of con-
struction and maintenance of real communication systems.
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Introduction

Wireless communication systems with many transmit and
many receive antennas (Multiply-Input-Multiply-Output —
MIMO) have recently attracted serious attention from developers
of promising communication systems due to their advantages in
capacity and spectral efficiency. The advantages of using MIMO
technology communication systems increase with an addition of
the number of receive and/or transmit antennas compared to tradi-
tional communication systems with one transmitting and one re-
ceiving antenna (Single-Input-Single-Output — SISO). However,
the increasing at the same time hardware complexity is a key lim-
iting factor. A large number of radio frequency paths are required
in order to obtain good system performance, but at the same time
there is a high cost and large size of communication systems
equipment (user terminals, base stations).

The article proposes new algorithms of antenna selection at the
transmitting and receiving sides which allows to reduce the com-
plexity of the system while preserving the main advantages of
MIMO technology. For a limited set number of radio frequency
chains, receive and/or transmit antennas could be selected and op-
timally assigned. The proposed algorithms allow to achieve high
spectral efficiency without significant increase of complexity, re-
duce the size of devices, increase of their energy efficiency by re-
ducing the number of active elements.

A large number of antenna selection algorithms have known
up to now [1], [2], [3]. Some of the known approaches are based
on maximizing the signal-to-noise ratio, while others are based on
maximizing of channel capacity.

Well-known works in this area include simple algorithms for
antenna selection [4], as well as more complex algorithms [5], [6],
[7] which have slightly improved characteristics, but at the same
time significantly higher computational complexity. For the
MIMO communication system new quasi-optimal low complexity
algorithms of antenna selection compared to known algorithms,
and with the characteristics are close to the characteristics of the
optimal (full combined selection) algorithms are proposed.

1. Classical MIMO system model
without antenna selection

Assume that there are M receive antennas and N transmit an-
tennas in the MIMO communication system. Let's also assume
that the number of receive radio chains is equal to L, and the num-
ber of transmit radio chains is equal to P.

Consider a situation with Rayleigh fadings and Gaussian noise
in the communication channel. When all transmitting and receiv-
ing antennas (L = M and P = N) are involved, the model of the
received signal in the MIMO communication system has the fol-
lowing form [9], [10]:

P
=, /—H-s+n- (1
y ’/N n

where y — is M-dimensional column-vector of complex counts of
received signals; s — is N-dimensional vector of transmitted QAM-
symbols; p — average signal-to-noise ratio (SNR) in each receive
antenna; N — amount of transmit antennas; p — is M-dimensional
column-vector of complex numbers with zero mathematical ex-
pectation of additive white Gaussian noise with a unit correlation

matrix; H—1is M x N — dimensional complex matrix of MIMO
communication channel:

hy hy a
_ hy,  hy, ho |, ()
hy
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where hij — is channel coefficient between i's receive antenna and
j’s transmit antenna. We will assume that the coefficients hij are

uncorrelated complex Gaussian random variables with zero math-
ematical expectations and with equal to one variances. Let’s here
and further consider the MIMO system without spatial correlation
of fading, as well as in the absence of direct sight between all
transmit and receive antennas (only reflected signals are received)

[91, [10].
2. MIMO system model with antenna selection

Consider MIMO system where selection of antennas is present
both on the transmitting side (P < N ) and on the receiving side
(L <M). Follows that only P antennas uses from all set amount
of N transmit antennas and L antennas uses from all set amount of
M receive antennas. Therefore, instead of N active transmitting ra-
dio chains for antenna selection system uses only P of these radio
chains, and instead of M active receiving radio chains uses only L
of these chains.

Expression for the model of the received signal in the MIMO
communication system has the following form [1], [8], [11], [12],
[13]:

y= 2 Hs+ip 3)

where y — is L — dimensional column-vector of receive signal
which is contains complex samples of received signals from all
selected antennas at receiver side; H -is L x P — dimensional
complex submatrix of MIMO channel. H matrix — it is submatrix

of full channel matrix H. Matrix H consist of selected elements
of matrix H, corresponding to selection of some subset P from N
available transmit antennas and of some subset L from M available
receive antennas.

To select the matrix H from full matrix of the channel H,it
is necessary to use the selection criteria (criteria of optimality),

which allows to select the best submatrix H according to this cri-
teria. In fact, according to a given criteria of optimality, the se-

lected submatrices H are compared. Finally we get best combi-
nation of subset P from N available transmit antennas and subset
L from M available receive antennas, according to a given criteria
of optimality.

A number criteria of optimality are known. These include the
following: the maximum of capacity criteria, the maximum of
SNR criteria, and the minimum trace of the correlation matrix of
information symbols demodulation errors [4], [8].

The expression for the maximum of capacity criteria (MaxCa-
pacityFull):

e ———————
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Crax =ml_§1xlogdet(1+%.ﬁ.ﬁ'). )

The expression for the maximum of the Frobenius norm crite-
ria (the maximum of SNR criteria, FrobeniusFull):
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The minimum trace of the correlation matrix of information
symbols demodulation errors criteria (MinTrVmmse, MinTrVzf)
is aimed at selection such a submatrix of the channel, in which the
minimum summary variance of errors in the evaluation of demod-
ulated information symbols is achieved.

-1
mjntr(R):m_intr (B-I:I'-I:I+1j . (6)
H H P

3. Full combinations or optimal antenna selection algorithm

The optimal algorithm of antenna selection in the MIMO sys-
tem assumes a complete reselection of all possible sets of subma-

trix H inside the matrix H. The number of all variants of the
submatrix H is [16]:

| |
QN,P,M,L)=Cfct - Nt M )
(N—P)LP! (M—L)+L!

In
Table 1 is demonstrated the results of counting the number of

all possible variants of submatrices H witha complete reselection
for a various values of equal total number of transmit and receive

antennas ( N=M ) and a various values of equal number of ra-
dio paths or in other words selected by the criteria of optimality of

transmit and receive antennas ( L=P ).

Table 1

The number of submatrix H with an optimal antenna selection

N=M 8 12 16 24
L=P 4 6 8 12
Q(N, P, M, L) 4,9.10° 8,5-10S 1,6-10* 7,3.10"

From

Table 1, it is obvious that with an increase in the number of

antennas, the number of all possible variants of submatrix H rises
rapidly. So it is impossible to implement the optimal algorithm of
antenna selection even with a relatively several number of anten-
nas.

Therefore an approach of using an optimal antenna selection
algorithm in real conditions, starting with MIMO 16(8)x16(8), is
simply impossible due to the rapid growth in the volume of calcu-
lations (computational complexity).

Than consider some of the well-known antenna selection algo-
rithms which do not require a complete selection of all the variants
of the reselected submatrix.
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4. Well-known quasi-optimal algorithms of antenna selection

NSA algorithm.

A simple quasi-optimal antenna selection algorithm is well-
known. In the literature it is called NSA (Norm based Antenna
Selection). Antenna in NSA are selected using criteria of the max-
imum Euclidean norm of the columns and then rows of the com-
munication channel matrix [1], [4].

A submatrix H which hasa M x P dimension and are con-
taining P columns with maximal Euclidean norms is selected from

the full channel matrix H, while matrix H still having the same
number of rows M as in the full channel matrix H. Then, from

the submatrix ﬁ, the target submatrix H is selected, which has a

Lx P dimension and contains L rows with maximal Euclidean
norms.

So quasi-optimal antenna selection algorithm NSA uses Eu-
clidean norm as a criteria of optimality. Algorithm NSA cannot
use other criteria of optimality.

In addition to the mentioned simplest version of the NSA al-
gorithm, iteration modifications of NSA algorithm are also well-
known both with a decrease (Iteration Decrement) and with an in-
crease (Iteration Increment) in the dimension of the reselected ma-
trix [17], [19], [20].

IDNSA iterative algorithm

Initial conditions: H =H.

Step 1. Euclidean norms are calculated for all columns of the
matrix H.

Step 2. Among hj’j =1...N is selected one column with a

minimal Euclidean norm ||h , ": min
min

I<j<N
from matrix H. So we obtain H" matrix with M x (N —1) di-

‘hj H and it is excluded

mension.

Step 3. Euclidean norms are calculated for all rows of the ma-
trix H"

Step 4. Among h, ,i=1...M is selected one row with a min-

imal Euclidean norm ||hmin|| = min ||hi ” and it is excluded from
1<isM

matrix H". As a result we obtain H® matrix with

(M —1)x(N —1) dimension.

Repeat Steps 1-4, but using a matrix H' instead of a matrix
H. The process of excluding rows and columns is repeated until
we get an aimed matrix H of Lx P dimension.

IINSA iterative algorithm
Initial conditions: equal amount of antennas at receive and at

transmit sides. Initial matrix :[ ], so it is empty matrix

without any of elements with 0 x (0 dimension.
Step by step the dimension of initial matrix is increased, while

before the required aimed H submatrix with Lx P dimension

will be formed. Thus, a square matrix IfIE:r)get should be formed at

the K’s step.

e
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Step 1. Pick the maximal by module element h IO

matrix. In fact, this means selection of one transmit and one re-
ceive antenna with the maximal of transmission coefficient be-
tween them.

from H

Matrix H" consist of selected element hi Oiw? and has a di-
mension 1x1.
& (O — . 8
H' = [hi(l)j(l)] = [E}?&(glgﬁ hij ‘:| 3

Step 2. Select from matrix H submatrix H®, with 2 x 2 di-
h h
hi(2)j(1) hi(2)1(2)

lected at the first step element hi e which actually added by

selected at the second step from matrix H and

mension. Submatrix ﬁ(2)= WM M2 | includes  se-

element hi(Z)j(Z)

bordered by elements h

|(1)j(2)’hi(2)j(1) of matrix H. Submatrix

H® will be find by reselecting through all possible combinations

of second-order submatrix H® from the full matrix of channel
H., each of it contains an element hi Wi and the Frobenius norm

for it is maximal Hﬁ(z)‘ H?

=max
=

E
Thus, in Step 2, one more transmitting and one receiving an-
tenna is selected. In Step 3, we use the logic described in Step 2.
As a result, we select one more transmitting and one receiving an-
tenna.
Next steps up to k's, where K = L = P, repeat iterative selec-
tion of elements from the matrix of channel H. The selected ma-

trix ﬁf:r)get will be the formed required matrix H with LxP di-

mension, where L=P.

5. New quasi-optimal low complexity
antenna selection algorithms

New quasi-optimal iterative algorithm 11ZF

[IZF (Iterative Incremental Zero Forcing algorithm), an itera-
tive algorithm with a step-by-step increase in the dimension of the
formed matrix of channel and as a selection criterion minimum
trace of the correlation matrix of errors of demodulation of infor-
mation symbols.

Initial conditions: F* :[ ], so it is empty (without any ele-

ments) matrix with 0x 0 dimension.
Step-by-step increase the dimension of the initial matrix until

the required submatrix J = I?If:r)g is formed with L x P dimen-

et

sion. Thus, a square matrix ﬁf';r)g is formed at the K’s step based

et
on calculation and comparison the values of the antenna selection
criterion of optimality for each of the available at current step sub-
matrix.

First step of the algorithm coincides with the first step of well-
known algorithm IINSA, represented in the section 4. From full

e ————————

O element.

In other words, will be selected pair of antennas on transmit and

receive with a maximal transmission ratio. Element hi OO is

matrix of channel H select maximal by module hi

formed matrix O - I:Ig)rget with 1x1 dimension.

At the second Step, taking into account criterion of optimality

h h

A‘(l)j(z) with 2x 2 dimension
h

1(2)jiM hi(2)j(2)
are sequentially reselected from the full matrix of channel and

the submatrix ﬁ(Z) _| Wi

sorted. H'® contains selected at the first step element
_fqO s (RIS TEI N

hf(l)i(l) = H" . Target submatrix H'* = Htarget is find from full

matrix of channel H by reselection through all existing combina-

tions of second-order submatrix H® , each of it contains element

hi(l)j(l)' Selection condition of submatrix H® is:
{i(2)j(2)} =argminmin f (H?)- ©)
<i<M 1<j<
i#i(1) j£i(1)

where f (I:I(z)) — the trace of the correlation matrix of estimation

errors Rij) , determined by the formula:
A A A A -1
f(H?)=tr(R}) = t{(H'(”H(Z) +20, -1) } - 310

As a result of the described actions, another transmits and re-

ceives antenna will be selected and a matrix
A2 =g® = Mo Maier |will be formed.
— *target — h h

1(2)j() 1(2)J(2)
According to the formulated rule, at the step N—1 will be
formed submatrix

h h

iMjm i) j(n-1)

OO = g0 =

target —

h h

i(n-1)j(1) i(n-1) j(n-1)

Selection condition of element of matrix H at step n is:

{i(n) j(n)} =arg min min FH™) (1D
<i< <j<
i=i(l) j#j()

i#i(n-1) j£j(n-1)
where f (ﬁ(”)) — the trace of the correlation matrix of estimation

errors ﬁ:‘), determined by the formula similar to (10):
After sorting through all possible combinations, the work of

the I[IZF algorithm will be completed and the target matrix H with
Lx P dimension, where L = P will be formed.

New quasi-optimal iterative algorithm IDZF
IDZF (Iterative Decremental Zero Forcing algorithm), an iter-
ative algorithm with a step-by-step decrease in the dimension of

T-Comm Tom 7. #7-2023




the matrix of channel until formed target submatrix started from
full matrix of channel and with a selection criterion minimum
trace of the correlation matrix of errors of demodulation of infor-
mation symbols

Consider new antenna selection algorithm based on iteration
decrement of dimension of matrix H.

Initial conditions: H® = H. Inside of matrix H by turns ex-
clude one row and one column at the same time, then calculate the
values of the antenna selection criterion of optimality for each of

the available submatrix H" with (M —=1)x(N —1) dimension,
remember the best of got selection.

After selection of target submatrix I:IS;get with a best calcu-

lated criterion of optimality value, necessary repeat all upper de-

scribed actions for submatrix I:It(?rget by turns exclude from ana-

lyzes one row and one column at the same time, after that to cal-
culate values of the antenna selection criterion of optimality for

each of the available submatrix H® with (M =2)x(N =2) di-

mension, putting into a memory the best selection I:Igr)get .

Excludes rows and columns in the matrix H and search for
the submatrix with the best criterion of optimality value of the
form (10) do until the dimension of the selected submatrix be-

comes equal Lx P, where L =P , and the matrix ﬁf:r)get itself

will actually be the matrix H that we are forming.
At the step N, iterate over the matrices H™ that are obtained
from the matrix ﬁ;;‘r’é; by excluding the row i(n) and column

j(n) . The condition for choosing a matrix is as follows:

. . . 2o 12
fim i)} =arg min _min f A", jo0)
M=) j(=j)
i(n)=i(n-1) j(n)#j(n-1)

where f (I:I("’) — the trace of the correlation matrix of estimation

errors f{;{”’, determined by the formula similar to (10).

Result of work of algorithm IDZF at the step n is the matrix
H=H®™ = ﬁfgr)get, with (M —n)x (M —n) dimension,
where 1<n<M —L.

6. Simulation results

Let's perform a comparative analysis of the known and pro-
posed algorithms. The effectiveness of the algorithms was evalu-
ated by statistical modeling method [14].

The simulation was carried out for two configurations of the
selected and total number of antennas, the same values on the re-
ceive and transmit sides (4 of 8; 4 of 12) under the following gen-
eral conditions:

e modulation method — 64-QAM;

e demodulation method— MMSE;

e type of noise-resistant coding — Turbo coding (speed — 1/2,
number of decoding iterations — 4);

T-Comm Vol.l7. #7-2023
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e simulated algorithms of antenna selection in their various
combinations:

0 optimal (full selection) with maximal capacity criterion (4)
(MaxCapFull);

0 optimal (full selection) with Frobenius norm criterion (5)
(FrobeniusFull);

0 quasi-optimal algorithm NSA (section 4);

0 quasi-optimal algorithm IDNSA (section 4);

0 proposed algorithm IIZF (11);

0 proposed algorithm IDZF (12);

e channel matrix H is known on the receiving side;

e number of transmit antennas N =8; N =12;

e number of transmit radio chains P =4 ;

e number of receive antennas M =8; M =12;

e number of receive radio chains L =4 ;

e type of fading — uncorrelated Rayleigh;

e frame length — 573 bits:

e number of experiments — 100000.

Error rates curves for known optimal algorithms with selection
criteria (4), (5) and the proposed optimal algorithm with a selec-
tion criterion (6) in a MIMO system 4(8)x4(8) are studied in [3],
[12].

Figures 1 and 2 shows simulation results for well-known opti-
mal algorithms (4), (5), well-known (section 4) and proposed
quasi-optimal algorithms (11), (12) for MIMO configurations
4(8)x4(8) and 4(12)x4(12).

MIMO-MMSE; 64QAM; Code Rate = 1/2;
Frame=573(bit); TxA=4(8); RxA=4(8)
T T T
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Fig. 1. Error rate of MIMO system in configuration 4(8)x4(8)

MIMO-MMSE; 64QAM; Code Rate = 1/2;
Frame=573(bit); TxA=4(12); RxA=4{12)
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Fig. 2. Error rate of MIMO system in configuration 4(12)x4(12)
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From quasi-optimal iterative algorithms (see Fig. 1, Fig. 2) the
best results, independently of the antenna configuration, are pro-
vided by algorithms using the minimum trace criterion of the cor-
relation matrix of demodulation errors (6), noticeably exceeding
the characteristics of the optimal algorithm with the maximum
Frobenius norm criterion (5).

The proposed quasi—optimal IIZF algorithm (11) has small
losses about 0.2 — 0.4 dB vs. the optimal (full selection) algorithm
with a best of known maximal capacity criterion of optimality (4).
At the same time, as will be shown below, the algorithm IIZF (11)
has significantly less computational complexity. The proposed
quasi—optimal IDZF algorithm (12) has additional 0.6 — 1.2 dB
gain relatively of proposed IIZF algorithm (11). At the same time,
as will be shown later, it has also a slightly higher computational
complexity.

The well-known quasi-optimal iterative algorithms NSA and
IDNSA (section 4) demonstrate low efficiency, being inferior to
the worst-evaluated optimal (full selection) algorithm with the
Frobenius norm criterion (5) and significantly inferior in charac-
teristics to the new proposed quasi-optimal algorithms.

7. Computational complexity of algorithms

Now will calculate the computational complexity of the de-
scribed antenna selection algorithms by estimating the total num-
ber of operations required to perform calculations. Such opera-

tions include operations of real addition v;dd and real multiplica-

tion operations vg'”". Write’s down the following expressions to
calculate the computational complexity for optimal (full selection)
algorithms:

mult _ Q Vmult
b
V;dd — Q . V:dd + Q

where Q — is the number of all possible combinations of reselected
active antennas on the receive and transmit sides for the exacted
configuration of passive and active antennas, determined by the
formula (7); Vm”'t — is the number of arithmetic operations of real

(13)

multiplications required to perform one combination; Vr?dd —is the

number of arithmetic operations of real additions required to per-
form one combination.

Computational complexity of the optimal (full selection)
algorithm with maximal capacity criterion (MaxCapacityFull)
4).

Find the number of arithmetic operations required for the pro-
cessor to process the expression:

logdet(1+%-ﬁ-ﬁ’j' (14)

The channel matrix H selected durlng the operation of this
algorithm hasa L x P dimension. Matrix T = H H hasa Lx L

= Z hh - where
k=1

dimension and includes elements

To calculate one value hikhlij require to perform one complex

multiplication. To calculate one value 'i;j require P of complex

multiplications and 2 - (P —1) of complex additions, which cor-

responds to 4P real multiplications and 4P — 4 real additions.
For complete multiplication of matrix H-H require to execute
L* of similar operatlons Taking into account the Hermitian na-
ture of the matrix T=H-H' value of TI necessary to perform

about L* /2 operations.
So to calculate T=H-H' real operations will be required:

mult L2 I—2
yit — 4. p .= multiplications and 24 — =(4-P-4)— ad-
2

1
ditions.

Value £ from the expression (14) is known in advance (not

in real time). Thus, to -calculate complexity of matrix

D= [1 + P, H- ﬁ'j from (14) requires the following values are
P

the number of real multiplications and real additions:

L2

vt =(4-P+1)-— (15)

L2

Vi =(4.P-4)- —+L (16)

To understand the complexity of calculating the determinant

of the matrix {et) = det(l +P . ITI'J we perform the fol-
P

lowing steps. The QR-decomposition of the matrix is known [5].
For the matrix D the record of its QR decomposition is:
D=Q-R, where Q - is unitary matrix with Lx L dimension,

R —is upper triangular matrix.
Further take into account the following property of the deter-
minant of the matrix C=A-B [15], detC=det A -detB. Ap-

ply this property to the matrix D= Q-R.
So the detD=detQ-detR=1-detR =detR. Determinant

L
detR =] [R. for matrix R require to perform L—1 of com-
1}
i=1
plex multiplications.
The computational complexity of the QR decomposition of the

matrix is 2 L+12+ 1 L —2 complex multiplications and the
3
same number of complex additions. A complex multiplication is
equivalent to four real multiplications and two real additions.
A complex addition consists of two real additions.
Thus, to calculate the determinant of the matrix, the following
number of operations will be required:

a7

it _4.@L3+ L%%L—zj-

e —————
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(18)

p2d :4-(EL3 +12 +1L—2j-
3 3
Accordingly, given (14), (15), (16), (17), (18), the following
number of real operations is required to perform an optimal (full
selection) algorithm with maximal capacity criterion (MaxCapac-
ityFull) (4):

Vrr::;l(lcapFull =Q- ()" +vg') =
2
=Q-[(4-P+1)- L+4( L3+L2+%L—2H, (19)
V;iiCapFull Q (Vadd +V§:td)+Q=
2
=Q- (4 P-4). L+L+4 (§L3+L2+%L—2H+Q.

It is obvious from expression (19), that the algorithm optimal
(full selection) with cruterion (4), has a third order of complexity.

Computational complexity of the optimal (full selection) al-
gorithm with minimum trace of correlation matrix criterion
(MinTrVmmese, MinTrVzf) (6).

Let 's turn to the criterion (6). For the matrix

D= (1 +R ‘H- ﬁ'j got formulas (15) and (16) to calculate it
P

computational complexity. Criterion (6) includes analogical ma-

trix G = %ﬁ’ﬁ +1 to calculate the complexity of which it is not

difficult to obtain the expression:

2
mult P

4.L+1) —, (20)
o =(4-L+]) 5

Vv

p2
—(4 L-4)- —+P 21
It is known that for the inversion of a complex Hermitian ma-
—2P? of real
—4P? 4+ 2P of real additions and P divi-
sions, which is about equal to 2P* of real multiplications and

2P* real additions [14], [15].
Calculating the trace of the matrix with P x P dimension re-
quires P —1 of real additions, since on the main diagonal of the

trix with P x P dimension requires about 2P’
multiplications, 2P’

matrix G are real numbers. Thus, taking into account (20) and
(21) have the following expression for the computational com-
plexity of the criterion (6):

yt [2 P’ +(4-L+1)- P—}
(22)

P2
y2 {2 P'+(4-L-4)- —+P 1}

So for optimal (fill selection) algorithm with a criterion (6)
requires to perform the following number of real operations:
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2
Vl\r;I]:Jr:EI'erf Q- lem Q|:2 P3+(4~ L+1).P7:|,

2

VSI(:gTerf Q- Vadd +Q:Q'|:2'P3+(4~L—4)'P7+P—1:|+Q.
.(23)

Computational complexity of proposed new quasi-optimal al-
gorithms using minimum trace of correlation matrix criterion.

At first estimate the computational complexity of the quasi-
optimal partial (combined selection) algorithm of antenna selec-
tion [1ZF (11).

Thus estimate the complexity of the algorithm at the first step.
From full matrix of channel H the maximum by module of ele-

nt hf(l)j(l) is selected. It’s requires to calculate of modules and

then comparing of all complex elements of matrix H . Calculation

of modules for all elements of matrix H require 2 - N2 of real

multiplications and N % ofreal additions (the operation of calcu-

lating the square root can be not taken into account, since it is per-

formed by table), and comparison of values of all elements h.
]

require N 2 of real additions.
Further estimate the complexity of the algorithm at the second
step. Here is doing reselection of submatrix with (N —1)2 number

of reselections. Taking into account of expression (23), where

Q=(N-1)" and L=P =2 get required number of operations

for the second step:
vt =34 (N -1)°
V24 =25.(N -1)°

@24

Atthe N's step doing reselection of (N=n+ 1)2 submatrices.
Taking into account of expression (23), where Q=(N-n +1)2

and L =P =n get required amount of operation for the n’s step:

2
vt =(N —n+1)2-{2~n3+(4~n+1)'n—}
2 (25)

2
VA = (N —n+1)2-{2-n3+(4-n—4)-%+n—1},

where n=1...L.

To complete the estimation of computational complexity, it is
necessary to sum up the values of computational complexity at all
steps:

vt = ZV"“" z{(N—n+1)2-{2-n3+(4-n+1)-“;H,

n=1

(26)

2

L L
i :Z{(N —nt1)? -{2~n3+(4-n—4)-r]2+n—lﬂ.
n=l

n=1

The computational complexity of the IDZF partial selection
algorithm is performed similarly. As a result, we have the follow-
ing expression:
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N-L
mult mult _
Vibze = z Vo =
n=1

—NZ{Z'(N —ny + @ (N =+ 1) & zn)z](N —n+1)y,
Y W
—NZ{Z(N -n)’ +(4-(N —n)—4)-@+m —n)—l}(N —-n+D2
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8. Comparative analysis of computational complexity
of algorithms

In Table 2 and
Table 3 present the results of the computational complexity es-
timation for optimal (full selection) algorithms with a best of
known MaxCapFull (4) and MinTrVzf (6), and also for simplified
quasi-optimal algorithms IIZF (11), IDZF (12). The estimates are
given also for high-order MIMO system with the number of pas-
sive antennas equal to 64.
Table 2
Results of estimation of computational complexity
for various antenna selection algorithms in the MIMO system

Number of real multiplication operations

Path |Antennas| MaxCapFull | MinTrVzf| IIZF IDZF
2 12 2,18-10°| 1,48.10°| 4,76-10°| 1,27-10°
4 12 9,02.10"| 6,47-107| 3,74-10"| 1,73-10°
6 12 9,99.10%| 7,53-10°| 1,13-10°| 1,86-10°
8 12 6,57-10%| 5,10-10°| 2,16-10°| 1,89-10°
2 8 3,92:10*| 2,67-10*| 1,95-10°| 1,33-10°
4 8 1,80-10°| 1,29-10°| 1,26-10*| 1,58-10°
6 8 9,17-10°| 6,91-10°| 2,87.10*| 1,60-10°

Number of real addition operations

Path |Antennas| MaxCapFull | MinTrVzf| IZF IDZF
2 12 1,87-10°| 1,13-10°| 331-10°| 1,19-10°
4 12 8,16-107 | 5,59-107| 3,09-10*| 1,63-10°
6 12 9,28-10°| 6,81-10°| 9,90-10*| 1,75-10°
8 12 6,20-10°| 4,72-10°| 1,93.10°| 1,77-10°
2 8 3,37-10*| 2,04-10*| 1,35-10°| 1,21-10°
4 8 1,63-10°| 1,12-10°| 1,03.10*| 143.10°
6 8 8,52.10°| 6,26-10°| 248-10*| 1,45-10°
Table 3

Results of estimation of computational complexity for various
antenna selection algorithms in the high-order MIMO system

Total operations for high-order MIMO
Path | Antennas | MaxCapFull | MinTrVzf | IIZF IDZF
8 64 1,010 7,9-10%| 34-10"| 5,0-10"
16 64 95-10%| 7.7.10%| 3.9-10°| 7.4.10"
32 64 1,0-10®| 88-10"| 3,5-10°| 89.10"
40 64 3,8:10% 3,2-10% 59:10°| 9,0-10"
48 64 2,5-10°| 2,1-10"| 82-10°| 9,1-10"

Data in Table 2 and Table 3 demonstrate the possibility of
practical application of the new quasi-optimal algorithm of partial
selection IIZF (11) .

At Figure 3 the results of computational complexity estimation
for various antenna selection algorithms in a high-order MIMO

system are presented graphically.
56
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Fig. 3. The results of computational complexity estimation for various
antenna selection algorithms in a high-order MIMO system

At Figure 3 obviously demonstrated the difference in compu-
tational complexity of the best of all represented algorithms for
MIMO with a total of 64 antennas on the receive side and 64 on
the transmit side. New quasi-optimal algorithms IIZF (11) u IDZF
(12) demonstrate much less of computational complexity com-
pared to the best algorithms.

Conclusions

The proposed quasi—optimal algorithm of partial combined se-
lection which is step-by-step increase of dimension of forming
matrix of channel IIZF (11) has about 0.2 — 0.4 dB loss vs. as-
signed to the optimal (full selection) algorithm with a best of
known maximal capacity criterion of optimality (4).

At the same time new proposed algorithm IIZF (11) has sig-
nificantly less computational complexity in comparison to the best
algorithms in terms of error rates performance (6), (4) and demon-
strates up to two-tree orders of magnitude lower computational
complexity for low-order MIMO configurations and up to fifteen
— thirty orders of magnitude for a high-order MIMO configuration
with 64 passive antennas.

Optimal (full selection) algorithm with a criterion (6) also
demonstrates slightly less computational complexity compared to
the best of known optimal algorithms with a criterion (4), at the
same time, it demonstrates the best error rates performance which
are studied in [3], [12].
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AHHOTauuA

Ona cuctem ceasm MIMO npepnaratotcs HOBble KBa3WOMTMMaslbHble aJirOPUTMbl MepekntoveHns (aBTOBbIOOPa) aHTEHH (anropuTMbl
HernosnHoro nepe6opa), NO3BoNAOLIME JOCTUYb BbICOKYIO CMEKTPasibHytO 3¢pheKTUBHOCTL 6e3 CyLLeCTBEHHOro YBENM4EHUA anmnapaTtHom
cnoXHocT. MeToAoM CTaTUCTUHECKOrO MOAENIMPOBAHMA BbIMOMIHEHbI OLeHKa 3(EKTUBHOCTM MPEANOKEHHbIX aITOPUTMOB U CpaBHEHME
UX XapaKTEPUCTUK C XapaKTEPUCTUKAMU M3BECTHbIX aJIFOPUTMOB MOJIHOrO U HenonHoro nepe6opa. [poBeaeHa oLeHKa BbIYUCAUTENbHOM
CJTIOXHOCTM MPESIOKEHHbIX aNIFOPUTMOB U €€ CPABHEHUE C BbIYMCIIUTENIbHOM CTIOXHOCTBIO U3BECTHBIX aITOPUTMOB MOJIHOrO U HEMOJHOMO
nepe6opa. CpaBHUTENbHbIA aHAIM3 MOMEXOYCTOMYMBOCTU B COBOKYMHOCTM C OLEHKOW BbIYUC/IUTENBHOW CIIOXKHOCTU HarnAagHo
[EMOHCTPUPYIOT BO3MOXHOCTb MPaKTU4YECKOrO MPUMEHEHUA HOBbIX KBAa3WOMTMMAslbHbIX AJIFOPUTMOB B PeasibHbIX CUCTEMax CBA3M,
CYLLIECTBEHHO YJly4llias SHepreTU4ecKMe Xapakrtepuctuku cuctem ceasum MIMO.

Knioyeeble cnoea: cucmema ceasu MIMO, cnekmpaneHas 3¢ppekmusHocmb, hoMexoycmoulvueocmsb, aemoebibop (nepeksitoyeHue) aHmeHH, NponycKHAsA
cnocobHocmb KaHana cesasu, paduompakm, Kpumepuli aemoebi6opa, 8bIYUCIUMESIbHAA CI0XKHOCMb.
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