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METHODS OF PREVIOUS CODING, THAT USES IN SYSTEMS OF RADIO SPECIAL

PURPOSE WITH MASSIVE-MIMO TECHNOLOGY

Modern radiocommunication systems of special purpose function in the conditions of shortage of radio resources and active
radio-electronic suppression. One of the ways to increase noise immunity, bandwidth and capacity of communication
networks is using antenna arrays, namely, MASSIVE-MIMO technology. However, the possibilities of this technology are
not used in full. In order to increase the efficiency of the using of MASSIVE-MIMO technology, the authors of this article
are considered methods of pre-coding. The analysis is intended to decompose existing methods of pre-coding for the further
development of highly effective algorithms of pre-coding. In the above scientific work, the authors of the article uses the
basic provisions of the theory of communication, the theory of signals, the theory of noise immunity, as well as the theory
of antennas. According to the results of the research, the authors draw the following conclusions: the matrices of the
previous coding, which have the same right singular vectors, which are the optimal for all criteria; the main difference
between the previous coding algorithms, that can be obtained by various synthesis criteria is the different distribution of the
radiated power between the spatial rays. Thus, the analysis showed, that thanks to the identical structure of the work of
linear pre-coders, it is possible to carry out a dynamic change on the transmission side of the type of the linear pre-coder,
thereby adaptively modifying the characteristics of the transmission and transmission path, while remaining within the

framework of practically one structure of the communication channel.
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Introduction

In the modern wireless systems, MIMO
technology (Multiple Input Multiple-Output) is widely
using. This technology involves the using of several
antennas on the transmitting and receiving sides, which
makes it possible to realize the spatial diversity of
signals at reception and transmission, as well as
multiplexing of transmitted information [1-8] in radio
networks.

The effect of using of the spatial diversity is
related to the reception or transmission of the same
signal by several antennas. In a fading channel, it
allows receiving on the receiving side several versions
of the transmitted signal and, due to their statistical
processing, more accurately detect the signal.

Recently, a series of publications dedicated to
Massive-MIMO technology, technologies “with a large
number of antenna elements” (4x8, 16x8, etc.) [9-13]
appeared.

In this case, the antennas can be combined into
compact-local groups (sublattices) or have the form of a
distributed antenna system on an antenna system of
arbitrary plurality of antenna elements, including fractal
topologies, that can overlap, but without using of
common antenna emitters [10].

Using of Massive-MIMO technology can increase
the capacity of radiocommunication networks, their
throughput and noise immunity[9-13].

Increasing the bandwidth of Massive-MIMO radio
communication systems, while preserving the quality of
reception requires the solution of the problem of
efficient management of the available spatial-
frequency-time resources of these systems. The
problem of adaptation of modern radiocommunication

networks, including the Massive-MIMO networks, to
external conditions, is actively explored in recent years
[9-18].

Spatial multiplexing and spacing are contradictory
to the geometry and probabilistic characteristics of the
channel matrix. Theoretically proved [9-18], that if the
channel information is available only to the receiver,
then there is a fundamental trade-off between
multiplexing and spacing, in which one can not increase
one and not reduce another. The situation changes if we
assume, that some parameters of the communication
channel are known on the transmitting side and can be
used to construct the corresponding spatial signal-code
structure.

In fact, such systems assume the presence of a
reverse link, and the procedure for the formation of an
optimal signal-code structure in these conditions is
called spatial pre-coding.

In previous publications, the authors of the article
noted, that the using of information on the state of the
communication channels on the transmitting side can
significantly increase both, the energy and frequency
efficiency of special purpose radio systems, improve
the coverage area and reduce the complexity of the
implementation of the receiver system using Massive-
MIMO [9-13].

In the general case, linear pre-coding can be
considered as one of the methods of spatial-temporal
coding. It should be borne in mind, that for the linear
pre-coding, the presence of feedback is mandatory,
since the matrix of the previous coding is selected,
based on the status of the channel [9-13].

Therefore, the purpose of the article is to analyze
the methods of pre-coding in radio communication
systems, using Massive-MIMO technology.
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Presentation of the main material

The physical essence of the previous encoding in
Massive-MIMO radio communication systems is ,that
the pre-coding allows you to reconcile the transmitted
signal with the characteristics of the communication
channel. This results in improved performance
compared to the system without such an agreement.

In the case, where the complex matrix of channel
H is accurately known on the transmitting side, an
optimal pre-coding can be done, which is to linearly
transform the vector of symbols transmitted, using the
unitary matrix V, which depends on the matrix H.

The matrix V is part of the singular expansion of
the matrix H [1-4]:

H=UAV/, (1)

where U, V —unitary dimension matrices of M xM
and NxN respectively; A =diag {L;,hy,..., 0.} —
diagonal matrix of M x N size, on the main diagonal of
which has its own numbers A;,i=1,...,r matrix H;
r=min{N,M}.

With optimal pre-coding, the best characteristics
of the Massive-MIMO radio communication system are
achieved, due to the fact, that the system in this case is
decomposed into a plurality of parallel systems SISO
(Single Input Single Output), the minimal complexity
of the demodulation algorithm is provided. on the
reception side [1-18].

Unfortunately, in practice, the implementation of
optimal pre-coding is quite problematic, because the
matrix of the channel H is always evaluated with some
error, especially in a situation, where channel
parameters change rapidly, due to the high mobility of
subscribers. Therefore, in modern radio systems in
practice, various quasi-optimal algorithms of pre-
coding are used [1-18]. In the quasi-optimal algorithms
indicated on the transmitting side, instead of full
information about the state of the channel contained in
the matrix H, only partial information about the status
of the communication channel is used. The indicated
partial information may be in the form of one or more
parameters, that characterize the current state of the
communication channel or only its statistics (the law of
fading, the distribution of power between the direct and
reflected beam in the channel).

To date, there are three main ways to get
information about the state of the communication
channel:

-using of the
communication channel;

- using the feedback line between the transmitter
and the receiver;

- combination of the first and second methods.

We shall now confine ourselves to considering
linear coding algorithms.

Consider the radiocommunication system using
Massive-MIMO technology, the structure of which is
shown on fig. 1.

mutual linearity of the

b C Previous X No l Y b,
— Coder > coder > ChaHnnel 4,@_> Decoder —k>
F

Fig. 1. Generalized description of the system Massive-MIMO

In the indicated scheme on the transmitting side,
after the encoder (which here includes the modulator),
the signal is subjected to linear transformation using the
matrix F and then enters the Massive-MIMO
communication channel with the channel matrix H. The
linear transformation matrix F defines the linear pre-
coding algorithm.

The type of encoder and modulator has a
significant effect on the structure of the previous coding
algorithm. In the synthesis of pre-coding algorithms,
two architectures of the MIMO communication system
are usually considered:

- Massive-MIMO system with spatial
multiplexing. In such a system, independent
information flows are transmitted through all antennas,
in which a separate adaptation of the transmission rate
for each transmitting antenna is possible, using the
information on the state of the communication channel
available on the transmitting side;

- Massive-MIMO system with spatial-temporal
encoding.

The pre-coding procedure based on the using of the
communication channel status, information available on
the transmitting side provides two functions: splitting the
transmitted signal into independent spatial flows (rays); -

distribution of the power of emitted signals between
these spatial flows (rays).

If spatial flows (rays) exactly correspond to the
own (singular) vectors of the matrix H of the channel,
then there are no interferences between these flows. The
transmission of information by a communication
channel in this case is carried out in parallel in several
independent spatial channels, and for realization of such
an ideal data transfer, it is necessary, that on the transfer
side accurate information about the current state of the
communication channel.

If on the transmitting side, the information about
the communication channel is known only partially,
then in the previous encoding, the spatial flows (rays)
were formed in such a way as to minimize the level of
interference between them. It should be noted, that as
the number of transmitting antennas increases, the
number of degrees of freedom increases, which allows
for a more significant energy gain from the previous
coding, which confirms the additional advantage of
using Massive-MIMO technology in comparison with
the classical MIMO technology.

The signal model in the Massive-MIMO
communication system with linear pre-coding can be
given in the following form:
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Y=HFC+N,, 2

where H is the matrix channel, N, is the white gaussian
noise with spectral density of power

G(f)=Gp; 0<f <o, €)

F is the pre-coded channel matrix, C is the code matrix
of the channel. This model is valid for both spatial
multiplexing and spatial-temporal coding. Consider the
basic criteria, used to synthesize the previous coding
algorithm, the criteria, that allow us to determine the
optimal matrix of the previous coding F [6-19].

Criterion of mutual information. 1t is known, that
the mutual information between the input and output
signals of the communication system channel using the
Massive-MIMO technology is described by the
following expression [20]:

I(X, Y)=log, det(1+Q* HFUF'H'), C))

where Q2 =E, /G, isthe ratio of the signal energy to

the spectral density of the power of the receiver's own
noise, U is the correlation matrix of code matrix.

As shown in [21], the bandwidth of the Massive-
MIMO channel is determined by maximizing the
mutual information under the condition of the
constancy of the radiated power. Then, the criterion of
mutual information has the form:

max EH{log2 det(1+Q2HFUF’H')}, )
1tr(FF')=1
where 1 (-) is the step operator.

Criterion for minimizing the avarage square
error. The expression for the correlation matrix of
demodulation errors, optimal for the criterion of the
minimum of the avarage square error, has the form:

1
Rypusi = (1+Q2HFUF’H') . (6)

The criterion for minimizing the avarage square
error is to find such a matrix of pre-coding, in which the
minimum value is ensured of the average square of the
error ¢ demodulation [21, 22]:

1
min EH{U{(1+Q2HFUF’H’) }} 7)
tr(FF')=1

I would like to note, that the criteria (5) and (6)
considered require averaging over the distribution of
random elements of the matrix, H of the

communication channel of some function f () matrix

argument 1+ QZHFUF'H’, which depends on the type
of criterion:

lr(r;ll??;:1EH { ! (1 + QZHFUF’H')} , (8)

where f(...) =log, det(...) when using the criterion of

mutual information, and f(...)= tr[(...)_l} is using the

criterion of the minimum of the square root error.

Calculation of mathematical expectation Ey {...| is a

rather complicated operation, which limits the practical
using of the criteria (4) and (6).

In this regard, it is quite attractive in terms of
simplifying the criteria implementation, in which the
calculation of mathematical expectation is not used.
These criteria include the minimum criterion for the
probability of a double error codeword (Pairwise
codeword Error Probability — PEP). For the case, where
the Massive-MIMO communication channel only has a
fading correlation on the transmitting side (R, =1),the

following criterion is known [23-31]:

i tr(ﬁ(Rl‘PR; y! ﬁ'j ~ Mlog, det (),
lr(FF')

where ¥ = (Q2/4)FBF’ +R;!; B is the matrix of code

distances, H is the average value of the channel matrix.

Let's consider on the main types of linear pre-
coders used in radio communication systems, using
technology Massive-MIMO [23-31].

Provided tr(F Hp ) =Fy where Fy isthe total

average transmitted power, should be distinguished:
1. A linear pre-coder, that minimizes the receiver's
avarage square error (Min-Trace-VSE Loading):
F,,, =arg mFin Tr{MCKII (F)}. 9)
2. Linear pre-coder, maximizing the minimum

value of the matrix SNR (F) (Max Min-Eig-Signal to
noise ratio):

SNR (F)}. (10)

F,,; =argmin A, {
F

op

3. A linear pre-coder, that maximizes the mutual
information between transmitted b, and accepted b
data (Max-Capasity Loading): F,,

F,p =arg max C{b.5|F}, (11)
F
where C is the bandwidth of the channel.

Their specific choice depends on the channel
status, the presence of active interference, the type of
selected signals (OFDM, N-OFDM, FHSS, etc.) and the
requirements for their demodulation errors..

Conclusion from this explosion

According to the results of the research, the
following conclusions should be made:

1. The matrixes of the previous coding F, which
are optimal in all of the above criteria and are intended
for using in conditions of different volumes of
information on the transmitting side of the properties of
the Massive-MIMO communication channel, have the
same right singular vectors.

On the basis of these vectors, an optimal matrix of
pre-coding Vg is formed, which will be coordinated
with the correlation matrix Q of the space-time code.
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2. The matrixes of the previous coding F, which
are optimal for the criteria of mutual information and
the minimum of the avarage square error, also have the
same right singular vectors. These vectors determine
the direction of spatial rays, which depend on the
transmission channel information available on the
transmitting side.

3. The main difference between pre-coding
algorithms, that can be obtained by various synthesis
criteria is the different distribution of the radiated
power between spatial rays.

This power distribution is based on the using of
the principle of “pouring water”.

4. The algorithm of the previous coding in the
optimal way (in the sense of the selected criterion)

redistributes the signal strength between the spatial
rays, using the information on the communication
channel on the transmitting side.

5. Thus, the analysis showed, that thanks to the
identical structure of the work of linear pre-coders, it is
possible to carry out a dynamic change on the
transmission side of the type of the linear pre-coder,
thereby adaptively modifying the characteristics of the
transmission and transmission path, while remaining
within the framework of practically one structure of the
communication channel.

The direction of further research is to compare the
effectiveness of various methods of pre-coding for
systems of radio communication with technology
Massive-MIMO and their corresponding improvement.
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MeToau nonepeaHbOro KOAyBaHHS,
10 BUKOPHCTOBYIOTHCS Y CHCTEMAaX Palio3B’si3Ky cleniajgbHOro Npu3HaueHHs 3 TexnoJoriero Massive-MIMO

1.O. Pomanenko, A.B. umauekuii, O.B. Kysmuxos, P.B. ITikyns

CyudacHi cHCTeMM pajio3B’s3Ky CIELiaJIbHOrO INpU3HAYeHHs (YHKLUIOHYIOTh B yMoBax Jedilury paniopecypcy Ta
aKTUBHOTO PaJi0CNEeKTPOHHOrO IozaBieHHs. OIHUM 3 LULIXiB IHiJBHUILCHHS 3aBaJ03aXUILECHOCTI, MPOIYCKHOI 3JaTHOCTI Ta
€MHOCTI MepeX 3B’SI3Ky € BHUKOPHUCTAHHS aHTEHHUX MacuBiB, a came TexHoiorii MASSIVE-MIMO. IIpore MoxiuBoCTi
3a3HAYCHOI TEXHOJIOTil BHKOPHUCTOBYIOTbCSI HE B IIOBHOMY 00cCs3i. 3 METOI0 MiJBHINEHHS €()EeKTUBHOCTI BUKOPHUCTAHHS
texHonorii MASSIVE-MIMO aBropamu 3a3HadeHO! CTaTTi PO3IITHYTI METOIM IONEPEIHHOr0 KOAYBaHHA. 3a3Ha4eHUH aHai3
Ma€ Ha MeTi IIPOBECTH JCKOMIIO3MIIIO ICHYIOUMX METOAIB IONEPEeHbOr0 KOIYBaHHA JUI IONAJIBLIOI PO3POOKH
BUCOKOC()EKTHBHUX alIrOPUTMIB IONEPEIHbOr0 KOAYBaHHA. B 3a3HaueHil HaykoBill Ipalli aBTOpaMM CTarTi BHUKOPHCTaHI
OCHOBHI IIOJIOXKEHHS Teopii 3B’A3Ky, Teopii CUTHaJiB, Teopil 3aBaJ03aXMILEHOCTI, a TAKOXK Teopii aHTeH. 3a pe3ylbTaTaMu
JIOCHIIZKEHHST aBTOPaMM 3pO0JICHI HACTYIHI BUCHOBKU: MATpUIli NONEPEHBOrO KOIYBAaHHS, IO ONTUMAJIbHI II0 BCIX KpHTEpisiX
MaloTh OJHI M Ti 5K caMi IpaBi CHHTYJSAPHI BEKTOPH; OCHOBHA BIIMIHHICTb MiX aJI'OPUTMAMHM IONEPEIHBOr0 KOAYBaHHS, SIKi
MOJJIMBO OTPHMATH 32 JOMOMOTOI0 PiI3HUX KPUTEPIIB CHHTE3Y, NOJIATAE B PI3HOMY PO3IO/UI BUIIPOMIHIOBaHOI IOTYKHOCTI MK
IPOCTOPOBUMH HPOMEHAMHU. TakuM UYMHOM, NPOBEJCHHMI aHAJIi3 MOKa3aB, IO 3aBASKH OJHAKOBIH CTPYKTYpi PO3IIISIHYTHUX Y
po0OTi JiHIHUX MONepeHiX KOAepiB, MOMJIIMBO HNPOBOJUTH AWHAMIUHY 3MiHY HA IepellaBalibHill CTOPOHI THUIly JIiHIHHOroO
TONEPETHBOTO KOJEPY, THM CaMHUM aJlallTUBHO 3MIHIOBATH XapAaKTEPUCTHKH NPUIMaIIbHO-IIEPEIaBAILHOIO TPAKTY, NP LIbOMY
JIMIIAIOYHCh B PaMKax MPaKTUYHO OJHIET CTPYKTYPH KaHaIly 3B’ SI3Ky.

Kawuosi caoBa: Massive-MIMO, nornepeiHe KopyBaHHs, CHI'HAJIbHAa 00CTaHOBKA.

MeTtonnb! npeBapuTEILHOI0 KOAHPOBAHMS,
HCIOJIb3yeMblI¢ B CHCTEMaX PaJiHOCBS3H CIIEIHAJbHOI0 Ha3HaYeHHsl ¢ TexHoyorueii Massive-MIMO

N.0. Pomanenko, A.B. IlInmankuii, A.B. Kysmmnos, P.B. ITukyns

CoBpeMeHHbIE CUCTEMbI PAJMOCBS3H CIEHAIBHOI0 Ha3HauCHUS (YHKIMOHUPYIOT B YCIOBUAX JeduunTa paguopecypcea
U aKTUBHOTO paJUONIEKTPOHHOrO mozaBieHus. OIHMM W3 NyTeld TOBBINIEHHS IOMEXO3aLIMINEHHOCTH, INPOMYCKHON
CIIOCOOHOCTH M €MKOCTH CETeH CBS3M SBISETCA HCIOJIb30BAaHME AHTEHHBIX MacCHBOB, a MMEHHO TexHosnorun MASSIVE-
MIMO. OpnHako BO3MOXXHOCTH YKa3aHHOW TEXHOJIOTMH HCIOJB3YIOTCS He B HOJHOM oObeme. C LeNbl0 MOBBIILICHUS
sddexruBHOCTH ucnonb3oBaHus TexHomorud MASSIVE-MIMO aBropamu yKa3aHHOH CTaTbeé pacCMOTPEHBI METObI
MIPEIBAPUTEIFHOIO KOJMPOBAaHHs. YKa3aHHBIH aHAIU3 MMEET IEJbI0 MPOBECTH JEKOMIIO3UIMIO CYIIECTBYIOIINX METONOB
NPEe/IBAPUTEIILHOIO KOAMPOBaHUSA IS JajibHeiedl pa3paboTKu BbICOKOI((EKTHUBHBIX AJITOPUTMOB IIPEJBAPUTEIBHOIO
KoOUpoBaHus. B yka3aHHOH HayuHOH paboTe aBTOpaMM CTaTbU UCIIOIb30BAHBI OCHOBHBIE MOJIOXKEHHS TEOPUH CBSA3U, TEOPUU
CUTHAJIOB, TEOPUH IOMEXO3aIIUIIEHHOCTH, a TaKXKe Teopuu aHTeHH. Ilo pesympTaram HcCleOBaHMs aBTOPaMH CJEJIaHbI
CIIEAYIOIE BBIBOJBI: MATPHIBI MPEJBAPUTEIBHOTO KOIUPOBAHHUS, ONTHMAJIBHBIE 110 BCEM KPUTEPUSM MMEIOT OJHU U TE K€
MPaBbl€ CHHTYIIAPHBIE BEKTOPHI; OCHOBHOE PA3JIMUME MEX1y METONAMHU MPEABAPUTEIBHOIO KOJUPOBAHHS, KOTOPbIE MOXHO
MONTYYUTh C TMOMOILBIO Pa3IMYHBIX KPUTEPUEB CHHTE3a, 3aKIIOYAETCS B PA3IUYHOM PACIPEAEICHUH NU3Ty4aeMON MOLIHOCTH
MEXIy HPOCTPAHCTBEHHBIMH JydaMd. TakuM o0O0pa3oM, HPOBEICHHBIH aHAIM3 IOKa3aJl, 4To Onarojaps OIMHAKOBOM
CTPYKTYPE PacCCMOTPEHHBIX B PaboTe JIMHEHHBIX NPEKOJIEPOB, BOZMOKHO NPOBOJUTH IMHAMHYECKYIO CMEHY Ha IepeJlatoieit
CTOpPOHE THIIA JIMHEHHOTO IPEIBAPUTENBHOIO KOJEpa, TEM CaMbIM AaJalTHBHO HW3MEHATh XapaKTEPHCTHKH IPHEMO-
MEPENAIOIIETO TPAKTA, IIPU 3TOM OCTAaBAsACh B paMKaxX MPAaKTHUECKH OJHOM CTPYKTYpBI KaHaJla CBSA3H.

KawueBbie caoBa: Massive-MIMO, npenBapurensHOe KOAUPOBAHNE, CUT'HAIBHAST 0OCTaHOBKA.

104



