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METHOD OF EVALUATION OF CHANNEL PARAMETERS
WITH TECHNOLOGY MIMO-SEFDM

In this article was developed method of estimating the channel state with using of hybrid information technol-
0gy, based on a combination of two modern efficient data transmission technologies, namely MIMO technology and
SEFDM technology,. This combination allows to increase a significant in the efficiency of using of radio frequency
resources and increase the speed of transmission of information. However, to assess the state of the communication
channel with using of the specified information technology, it is necessary to develop a method of evaluating chan-
nel parameters, because known estimation methods have a high computational complexity. This article is dedicated
to the solution of this issue. The article analyzes the basic methods of assessing the state of communication channels
that were used to develop the indicated method of assessing the state of the channel using the technology MIMO-
SEFDM. In the article were used methods of the theory of signals, the theory of noise immunity coding, the theory of
probability, the theory of information, the theory of potential impedance, the theory of matrices, the theory of deci-
sion making, the theory of games, the theory of automatic control, methods of mathematical programming and
methods of simulation modeling. The method of estimating the status of the channel using the MIMO-SEFDM tech-
nology presented in the article allows to reduce the computational complexity, increase the noise immunity, and also
increase the efficiency of using the radio frequency resource of perspective radio communication systems. The re-
sults obtained in the article can be used in the design and development of special purpose radio systems operating

in a complex radio-electronic environment and the shortage of available radio frequency resources.

Keywords: multiantenna systems, spectral-effective signals, computational complexity, channel characteristics.

Introduction

The continuous increasing in the amount of infor-
mation transmitted through the communication channels
requires the searching for new technical solutions to
provide a given level of bandwidth.

MIMO (Multiple Input Multiple Output-MIMO)
technology has long been used successfully in many
data transmission systems with different frequency
ranges. MIMO technology has proven a significant im-
provement in impedance and bandwidth [1-3].

Spectral-Efficient Frequency Division Multiplex-
ing (SEFDM) [4-6] is used to increase the efficiency of
using radio frequency resource and control fading sig-
nals, in conjunction with MIMO technology.

However, SEFDM technology has a relatively
large peak-factor of the group signal, making it difficult
to use in low-power transmitters with low line paths.

Sharing of MIMO and SEFDM technologies re-
quires the obligatory using of the channel impulse re-
sponse procedure, even when using relative modulation
techniques, such as DPSK-Differential Phase Shift Key-
ing.

Insufficiently precise estimation of the impulse re-
sponse of the channel results in an unacceptable magni-
tude of the probability of the bit error rate (BER), that

is, the absence of a decrease in BER with an increase in
the signal/noise ratio (SNR). This feature significantly
significantly reduces the average value of BER in the
channel with a large fading dynamics.

A large number of estimation methods for MIMO-
OFDM based on various criteria [7-9] are known in
which soft or hard decisions, from the output of the de-
modulator, and from the output of the decoder of the
noise immunity code, are used for evaluation of un-
known information symbols.

For MIMO-OFDM systems, many methods are
proposed to reduce the computational complexity and
overcome numerical instability [6; 10—12], at the same
time, the number of successive methods of aligning sig-
nals in multi-channel channels is quite limited.

Therefore, the purpose of the article will be to de-
velop a method for evaluating channel parameters with
MIMO-SEFDM technology.

Presentation of the main
research material

In this work, we will consider the MIMO-SEFDM
system consisting of M, transmit antennas and M; re-
ceiving antennas that use a set of multi-channel chan-
nels between the j-th transmitter and the i-th receiver,
each of which is described by the pulse characteristic
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where K —number of rays, o (t) — complex ampli-

tudes, which are described by independent narrowband
stationary in the broad sense by Gaussian channels,
(i.j)

T\’ — delay l-ray from j-th transmitter o i-th reciever,

8(-) — delta-function Kronker.

Let y; = [yi (1), y; (N)]T is N-component vec-

tor of signals, which received by i-th antenna, which can
be written as:

ygj) = Xjhi;+wi, 6]
xj(k—L+1) xj(k)
where X; = xj(k—.L+2) xj(lf+1) ’
xj(k—.L+N) xj(k.+N)
where w; — vector of additive interference offsets,

h; ; — L-component vector of momentum characteristic

of fading signal, matrix X has dimensionality NxL.
Denote the matrix of all transmitted signals np
transmitters for N time intervals X =[X;...,X,r], and a

vector of space-frequency-time (SFT) channels from
each j- th transmittor to each i-th reciever

T
by =} hlr | @)

Gaving a set y;,1=1,...,ng vector of received sig-
nals and matrix of the exact values of the transmitted
signals X (in case of evaluation using a test sequence) or
a matrix of estimates of the exact values of the transmit-
ted signals X (in the case of decision-directed estima-
tion, it is necessary to evaluate ny vectors of the SFT
channels and thus reproducing the entire population L
channel matrices H(k),k =0,..L—1.

As a criterion for estimation, a minimum of least
squares (MLS) estimation errors may be selected.

E{(h—ﬁMLS)H (h—ﬁMLS)},then

~ -1
Hp -1 Hp -1

hi,MLS = |:X RW,WX:I X RW,w}’i > (3)

where Ry, ,, — correlation matrix of readings of addi-

tive noise, and if the additive noise is white, then the
expression turns into a kind

_ -1
H H
hi,MLS=|:X X} Xy 4

If as the criterion the minimum medium-quadratic
deflection (MMQD) is selected, which minimizes the
values of the elements of the main diagonal of the corre-

lation matrix of the error estimation Ah=h-h, [6]
then

R -1
H, 2
hi Mmop =R n [XRh,hX +oylh, } vi.» (5

Ry =E{yh"}.Ryy =E{yy"| and Ry}, =E{nh"|
— the corresponding mutual and autocorrelation matrices
of received signal vectors and SFT pulse characteristics.

Assuming that the additive noise is white, then the
expression turns into

h. -R XH[XR XH 4621 Tl . (6)
i,MMQD = &h,h h;,hj wing | Yi-

This expression includes the correlation matrix to
be evaluated and the dispersion of noise.

As elements of the matrix X, both known transmit-
ted information symbols can be used as well as esti-
mates of unknown information. In the first case, the
cleanliness of the calculations can be done in advance.

The essence of the proposed method

As can be seen from (4) and (6), the calculation of
MLS and MMQD estimates requires the return of matri-
ces of a rather large size. In addition, as shown in [12],
with increasing the size of these matrices, their number
of condition increases, which further reduces the accu-
racy of calculations.

To overcome these particularities, we will use an
approach based on the reduction of rank Rhiahj . As

Rhi h; is a hermitian matrix, then for it, it is fair to de-
compose its own vectors and eigenvalues (eigenvalue
decomposition — EVD)
H
Rpn; = UiAiUy, (7

where U; =[u§i),...,ug\i])} — unitary matrix of proper

vectors uE;) , corresponding to their own values xﬁ;), SO

A; =diag X(i),...,k(i) — diagonal matrix of eigenval-
i 1 N

ues. Own values are placed in order not to increase their
values.
On the basis of (7) can be obtained y -rank ap-

proximation Ry, TR

| = uAUl, (8)

R
h; i

i»

where A; =diag {kgi),...,X(i),O,...,O}.

Let's denote Ui(X)z[ gi),...,u(i)} —matrix of

proper vectors corresponding to the first one ¥ own
value in (8).

Using discrete Karhunen-Loeve transformation es-
timated vector h; can be approximated as:
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where Bi,m — new unknown values to be evaluated that

determine h; and represent the eigenvalues of the refer-

ence correlation function. As is known, this approxima-
tion is indicated h; has the smallest number of terms,

with given representation accuracy. If y equal to the
rank of the correlation matrix Rhi,hj , then the expres-
sion (9) is exact.

Let's denote X:[Xlng),...,XnTUngT)] Taking
into account the entered designation and (4) the expres-
sion (1) can be written in the form y; = Xh; +w; , sub-

stantially reduces the dimension of the vector of the
evaluated parameters (7 instead L). MLS and MMQD

evaluation ﬁi respectively, will be calculated using

formulas similar to (4) and (6) with the trivial replace-
ment of the symbols.

However, matrices subject to inversion have con-
siderably smaller dimensions than in (4) and (5), there-
fore, according to [10], should be better conditioned.
Final scores h; can be obtained can be obtained using
).

However, the score Rhiahj and calculating its

EVD additional requires significant computing costs.
We suggest variants of computational cost, on the basis
of the approaches proposed in [8], the essence of which
is the use of fast and fast methods of iterative calcula-
tion of fast and fast methods of iterative calculation of
EVD calculation of correlation matrix (7) by successive
orthogonal iterations, representing a special case Bauer
double iterations for the calculation of linear invariant
subspaces and singular matrices.

May Q(n-1) is a unitary dimensional matrix

Nxy . Execute QR factorization of the matrix product

R
Ry n,Q(n=)—E>Q(m)R(n).  (10)
As shown in [6], under recursive calculations (10)
(X), S0

Q(n) is reduced to the matrix of eigenvectors U
R(

n) is reduced to a diagonal matrix of eigenvalues

Agx) correlation matrix Rgf)h'. QR decomposition
0]
performed during recursion (10) can be done in any
way, but in this case, it is expedient to use the modified
Gram-Schmidt algorithm [5].
After n iteration recieve:

RY), (n)=Q(n-1)R(n)Q" (n)

1°7)

Let the changes Rhi,hj in time due to the un-

steadiness of the transmission channel it is calculated
for the help of the expositionally weighted averaging
with the factor of oblivion o (forgetting factor)

Rhi’hj (H)Z(IRhi,hj (n—l)-l—(l—(x)fllflf{ (11)

BEGINNING

Entering
the initial
data (Y = {\Ifi}
PR o —
Splitting MIMO-
SEFDM into the set of
SFT channels

L

Tracking
eigenvectors EVD

L

Getting MMQD
Impulse
Characteristics

I

Projection of the MMQD
estimation on the vector of
the impulse characteristic

I

Restoring the channel
matrix MIMO-
SEFDM

Last
iteration of
evaluation?

Fig. 1. The algorithm for implementing
the proposed method

If during the execution of the iterations (10) on
each p-step is upgrading Rhi,hj according to (11), we
will track changes in time ¢y -rank approximation

Ry. . (the value is determined by the dimension of the
i1

matrix Qnxy ). Then MLS and MMQD ﬁi , which can

be converted into estimates of the reduced rank by pro-
jection into the domain of the subspace of the principal
vectors (dominant eigenvectors):

h%) = Ujh;

i

(12)
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The greatest computational complexity of the algo-
rithm is the procedure of QR expansion in (10) and the
calculation of the inverse matrix.

The simulation was carried out for the MIMO-
SEFDM channel, which is described by the Kronecker
model.

Each subchannel is described by the Waterons
model [3—4]: two rays of equal power with independent
relay fading for each. The energy spectrum of fading
has a Gaussian form:

G(f) =

L ol
J2nfy 22|
fy —the magnitude of Doppler scattering, all statistical

characteristics of all subchannels are considered the
same [7; 11].

Correlation of subchannels is described Rgz and

RIT/2 was made only at the expense of the mutual influ-

ence of antenna elements. Investigated MIMO-SEFDM
channels with the configuration: 16x32, 32x64, 64x128,
which was transmitted (1) randomly uncorrected but
timely known receiver 64 PSK characters.

Noise is always considered white Gaussian (3)

with the same dispersion G%V. The time sampling was

carried out at symbolic speed. The take-off time always
coincided with the correlation peak of the first beam.

In fig. 2 shows that the accuracy curves of the es-
timation, depending on the value of Doppler scattering
for different values of relative delay of the rays. As can
be seen from the figure, the magnitude of Doppler scat-
tering up to 4 Hz practically does not affect the accuracy
of the estimation.

= IVILS 16292

- - IWILS 3264
=9 IWILS ] 28
(= IWIIWVICIDY 16352

01—

LNOD 3204
=% - WIIVIOD Byl 28

0.01
&
= .
10— - -
&.._ . “ ‘:
- i - \-..
lxlu“q' h‘g‘. .ﬂ‘ ‘ﬂ\‘
A B
-5 T T
1.10 -
-10 ] 10

SHE.

Fig. 2. Dependence of the medium-quadratic error (MQR) on the estimation of the elements
of the channel matrix depending on the value of the SNR for the proposed MMQD of the MLS evaluation options

It is clear that MMQD provides a prominent ad-
vantage, which justifies the increasing computing com-
plexity. The gain from using the filter based on its own
values depends on the ratio of the length of the symbol
and the magnitude of the delay between the rays. With a
delay of multiple symbol duration, the winnings are
minimal. The maximum gain is observed with a delay of

1-2 characters. Which, obviously, explains the dispersal
of the energy of physical rays by components of the
equivalent low-frequency impulse response of the chan-
nel. The dependence of the accuracy of the estimation
on the number of transmitting and receiving antennas
corresponds to the expected.
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Conclusion during the above-mentioned procedure of monitoring
the evaluation of the lowered rank;

¢) the projection of the received MMQD estimates
for the domain of the subspace of the main eigenvectors

Thus, the method of estimating the channel pa-
rameters with the MIMO-SEFDM technology was pro-

posed in the work? .consisting of: of the correlation function of the impulse response;
I) decompositions of MIMO-SEFDM = channels IIT) restoring the channel matrix of the frequency-

into the set .Of ir%homOC?mponem channels.; ) selective MIMO-SEFDM channel along the pulse char-
II) estimation of impulse characteristics of each o o600 (fihe SFT channels.

SFT channel, by: The results of the simulation are confirmed by the

a) time tracking of th.e‘requlred number .Of C18eN-  performance and good characteristics of the proposed
vectors of EVD decomposition of the correlation func- method

tion of the impulse response performed over a large The direction of further research should be consid-

period of time; , . ered development of a method for managing the pa-
b) frequent taking of MMQD estimates of the cur- . 0.0 ¢ MIMO-SEFDM systems.
rent values of the impulse response using the obtained

correlation function of the impulse response obtained
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METO[ OUIHKU MAPAMETPIB KAHAITY 3 BUKOPUCTAHHSAM TEXHONOT MIMO-SEFDM
O.I'. XKyk, A.B. lnmanekuii, €. M. IIpokonenko, P.M. )KusotoBcrkuii

B 3aznauenitic cmammi npogedeno po3pooKy memoody OYiHKU CMAHy KAHALY 3 6UKOPUCMAHHAM 2IOpUoHOl ingopmayiinol
MEXHON02HT, WO 3ACHOBAHA HA NOEOHAHHI 080X CYHACHUX eheKMUBHUX MeXHONo2il nepedaui oanux, a came mexuonoeii MIMO
ma mexnonoeii SEFDM. 3asnauene noconanms 0038015 OMpUMamu 3HauHe niosUWjeHHs eqpeKmueHoCni UKOPUCAHHSA padio-
yacmommnoz2o pecypcy ma 36inbuiumu weuokicms nepeoaui ingopmayii. Ilpome Ona oyinKu cmany Kamany 36 ’a3Ky 3 GUKOPUC-
MAHHAM 3A3Ha4eHoi iHopmayitinoi mexnonoeii HeoOXiOHO nposecmu po3POOKY Memoody OYIHKU NApamempie KaHary, OCKiIbKU
8I00OMI MEmMoOU OYiHKU MAIoMb GUCOKY 0OYUCTIOBANbHY CKAAOHICMb. Bupiwennio 3a3naieno2o numannio npucesyena 3asHaiend
cmamms. B cmammi npoeedenuii ananiz 0CHOBHUX MemoOi6 OYiHKU CMAHY KAHANIE 38 A3KY, Wo OYau UKOPUCMAHHI 0Jid pO3po0-
KU 3a3HA4eH020 Memoody OYiHKu CIAany Kanany 3 eukopucmanuam mexuonozii MIMO-SEFDM. B cmammi 3acmocoeani memoou
meopii cuenanis, meopii 3a6a00cmiiikoeo K0OyeanHs, meopii iMogipnocmi, meopii ingopmayii, meopii nomenyiiinoi 3asadoc-
mitikocmi, meopii mampuyb, meopii NPUUHAMMs pitieHb, meopii i2op, meopii agMoMamuyHO20 YNPAGIiHHI, Memoou Mamema-
MUYHO20 NPOSPAMYBAHHI MA Memoou iMimayitino2o modemosanns. [Ilpedcmaenenuii 6 cmammi Memoo OYiHKU CMAHy KAHATY 3
suxopucmanusam mexuonoeii MIMO-SEFDM 0o36onsc 3meHuumu 004UCTIO8ANbHY CKAAOHICMb, NIOSUWUMU 3A6a003axuLye-
HICMb, A MAKOXHC NIOGUWUMY eeKMUSHICb 6UKOPUCIAHHA PAOIOYACMOMHO20 Pecypcy NePCReKMUSHUX CUucmem paoioss asKy.
Ompumani ¢ cmammi pe3yrbmamu ModCyms Oymu SuKopucmaui nio yac po3pooOKu ma npoeKmyeaHHs cucmem paoio3s sa3Ky
cneyianbHo20 NPUSHAYEHHSA, Wo (DYHKYIOHYIOMb 6 CKIAOHIU padioereKmpoHuil obcmanosyi ma degiyumi HaseHo2o padiouac-
MOmMHO20 pecypcy.

Kntouosi cnosa: bazamoanmenni cucmemu, cneKmpanibHo-e@eKmuhi CUeHanU, 004UCII08ANbHA CKAAOHICIb, KAHATbHI Xa-
PAKMepUCmuKu.

METO[ OLIEHK/ MAPAMETPOB KAHAJA C UCINOJIb3OBAHUEM TEXHOJTOIM' M MIMO-SEFDM
A.Tl". Xyk, A.B. umankuii, E.H. [Ipokonenxo, P.H. )Kusorosckuit

B yrasannoii cmamve npoeedena paspabomka memooa oyeHKU COCMOAHUSL KAHALA C UCNONb308AHUEM 2UOPUOHOU UHPOD-
MAYUOHHOU MEXHOIO2UU, OCHOBAHHOU HA COYETNANHUU 08YX COBPEMEHHBIX IPDEKMUBHBIX MEXHOI02UL nepedaiy OAHHbIX, d UMEeH-
no mexuonozuu MIMO u mexuonocuu SEFDM. Vkaszannoe couemanue nosgonsem noayuums 3Ha4umenbHoe NogbluleHue -
GexmusHocmu UCNONL308AHU PAOUOHACMOMHO20 Pecypcd U YEeaudums ckopocms nepeoauu utgopmayuu. OOHaKo 015 OyeHKu
COCMOAHUA KAHANA C8A3U C UCNONb308AHUEM YKAZAHHOU UHMOPMAYUOHHOU MEXHON02UU HeOOXOOUMO Npogecmu paspabomky
Memooa oyeHKU napamempos KaHanda, HOCKOIbKY U36eCmHble Memoobl OYEHKU UMEION 6bICOKYIO GbIYUCTUMENbHYIO CIOJICHOCIb.
Pewenuto ykazannoeo éonpoca noceaujena oannas cmames. B cmamove npogeden ananus 0CHOGHbIX MemOO08 OYEHKU COCMOsi-
HUsL KAHATI08 CBA3U, KOMOopble bl UCNONb306aHbl 0N paA3padomKu OaHHO20 Memooa OYeHKU COCMOAHUA KAHANA C UCNONb308d-
Huem mexnonozuu MIMO-SEFDM. B cmambe npumenensi Memoovl meopuu CUSHAL08, Meopuy NOMexXoyCmouiugo2o Koouposa-
HUsl, Meopuu 8eposAMHOCIU, Meopuu uHgopmayuu, meopuu NOMEHYUAIbHOU NOMEXOYCMOUYUBOCU, MeOPUl Mampuy, meopuu
NPUHAMUS Pewlenull, meopul usp, meopuu Ad8MoOMamu4ecKo2o ynpagieHus, Memoovl MamemMamuyeckoeo npocpamMmuposanis u
Memoobl UMUMAYUOHHO20 MoOdenuposanus. [Ipedcmasnennvlii 6 cmamve Menmoo OYeHKu COCMOAHUS KAHANA C UCHONb308AHUEM
mexnonocuu MIMO-SEFDM nozeonsiem ymeHbuumys GblYUCTUMENbHYIO CAONCHOCb, YEEAUdUMb NOMEX03AWUWEeHHOCMb, a
makoice yeenuuumy IPHekmueHoCms UCNONLI06AHUA PAOUOUACHIOMHO20 PecypCa NePCReKMUHsIX cucmem paouocesasu. Tlony-
YeHHble 8 cmambe pe3yIbmamsl MO2ym Oblmb UCNONL306AHLL NPU PA3PAOOMKE U NPOEKMUPOBAHUU CUCHEM PAOUOCEA3U CHeyu-
AIbHO20 HA3HAYEHUS, PYHKYUOHUPYIOWUX 8 CLONHCHOU PAOU0dIeKmpoHHON obcmanoske u deuyume umeoujecocs paouodac-
mommnozo pecypca.

Kniouegvie cnosa: mnozoanmentvie cucmemvl, CHeKmMpaibHO-3PPekmusHsle CUSHANbL, GIYUCTUMENbHAS CTIOJICHOCHb, Kd-
HANbHbIE XAPAKMEPUCUKU.
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