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DEVELOPMENT OF A DIFFERENTIAL
BLOCK CODING METHOD FOR APPLICATION
IN MOBILE RADIO COMMUNICATION
SYSTEMS USING MIMO SYSTEMS

O6’exmom docrioncennst danoi pobomu € memoou i arzopummi NPoCMoOPOBO-YaAco6020 HIOK0B020 KOOYBAHHS,
BUKOPUCTNOBYBAHT MAKONC 8 Cucmemax bazamoarnmernozo padioze’ssky (Multiple Input Multiple Output — MIMO).
Peanisayis cucmem MIMO xozepenmnozo nputiomy abo nonepednbozo K0OYyeanHs OAHUX MAE HA Y8A3i 3HAHHS
ingpopmayii npo cman xawary 36’s3Ky i, 6i0N0GIOHO, KOMNEHCAyito 11020 enausy. /s OUiHKU KaAHALY CHLIGHO
3 THHOPMAUTUHUMU CUZHALAMU NEPEOAIOMbCA NLAOM -CUZHAIU, 3430a1e2i0b 8i00Mi Ha NPullMarvHit cmopowi. [lepio-
Quunicms 6iIONPABKU UUX CUZHANIE 3ALEHCUMD 6I0 WUHHUKIG, U0 SMIHIOIOMb CINAN KAHALY 36 S3KY, HANPUKIA0, 00UH
3 AKUX — BUCOKA WEUOKICTND NepeMilyenis MOGIIbHUX CIanyill. Ae MaK K niiom-Cuznaiu ne necymo ingopmayii
Kopucmyeauis, 6i00YeacmvpCsi CRONCUBAHHS PECYPCY CUCTEMU, U0 NEPEUKOOHCAE ePeKMUBHOMY BUKOPUCTIAHHIO
padiouacmommnozo cnexmpy.

B x00i nposedens docuioncenns 6yio po3zasnymo cnocio, wo 0onyckae iocymuicmo HeoOXiOHOCMi 3HAHHS
ingopmauii npo cman Kanany 36’a3xy — I0HOCHA Pa306a MOOYAAUiSL, AKUU OYE Y3S4MULL 34 OCHOBY T NOWUPEHUTL
onst suxopucmanus ¢ cucmemax MIMO. Jlanuii cnoci6 nepedbavac nexozepenmuuil nputiom, aie, He36ancayu
Ha ye, 11020 3aCMOCY8aHHsL 8 NOBHIU MIDI 6UNPABO0BYEMBCSL, BUXOOAUU 3 OMPUMAHUX PE3YIbMaAMiE 00CIIONECHHS.
Taxooc 6yau po3pobaeni i inmezposani 6 cucmemy egpexmusne 0epesonodione Kooyeanus i aiz0pumm KOMNEHCayii
wymosux ckaadosux cuenany. Ile, 6i0nogiono, 00360410 onmumisyeamu 00UUCII0BANLHT NOMYICHOCII Peanizayii
cucmemu i HAOAUSUMU 1O ePeKMUEHOCMI NPONOHOBAHUL MeMO0 JUpePeHUIarpHO20 NPOCMOPOBO-UAC08020 OIOKO-
6020 kodyeannsi (/IIIBGK) do memodie kozepenmiozo npuiiomy.

3acmocosyrouu nakem npoepam MATLAB, suxonano modenosanus 3anpononosanozo memody JAIIBEK ois
PIsHUX 8apianmie KilbKOoCmi nepedasarvHux i nPUUMarvHux anmet i 6udie modyasayii. Ilposedeno nopiensnus ma
susnaueno nepesazu memooy JAIIBEK. Buxiadenuil Memod modxce 3Haimu 3acmocy8anisi 8 CYUaCHUX CUCTEMAX Pa-
0i036’513KY 3 MIHAUBUMU NAPAMEMPAMU KAHATLY 36 S3KY Yepe3 8UCOKY WEUOKICTND NepeMiuieHHs MOOLIbHUX CIMAHUTL.

Kmovosi cnoBa: cidnocua (pasosa mooynsiuis, KOMNIEKCHA OPMOZOHAILHA (DOPMA, KOZEPEHMHUL NPUTIOM,
npocmoposo-uacose kodyeanns, cucmema MIMO, depesonodione xodysanisi.
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1. Introduction

When implementing coherent reception or precoding
in multi-antenna multiple communication (Multiple Input
Multiple Output — MIMO) systems [1-3], it is neces-

Copyright © 2019, Tokar M.
This is an open access article under the CC BY license
(http.//creativecommons.org/licenses/by,/4.0)

sary to know the system of information about the state
of the communication channel in order to compensate it.
For channel estimation, together with information signals,
pilot signals known at the receiving side are transmitted.
The transmission of pilot signals consumes the resource of
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the system and thus hinders the efficient use of the radio
frequency spectrum [4, 5]. Currently, work is underway to
overcome this problem, to the resolution of which a signi-
ficant contribution has been made [6-8].

If it is possible to pay attention to the Differential phase
shift keying (DPSK) [9-11], then when using it, useful
information is contained in the phase difference of two se-
quentially transmitted signals. The receiver selects useful
information by comparing the phases of two adjacent received
signals, which eliminates the need for the receiver to have
information about the state of the communication channel.
The condition to which the communication channel must
meet is insignificant changes in the state of the communica-
tion channel in the transmission interval of two adjacent
signals or signal matrices during space-time coding (STC).
Failure to comply with this condition when transmitting
one signal (signal matrix) will lead to erroneous detection
of no more than two transmitted signals (signal matrices)
and will not cause errors to multiply [12, 13]. The given
specificity of DPSK allows its application in conditions of
fast fading and with high mobility of movement of stations.

Based on the above, the development and study of trans-
mission schemes that do not require the receiver and/or
transmitter to know information about the state of the
communication channel, which is the aim of this work, is
relevant today. Thus, the object of research is the methods
and algorithms of space-time block coding, also used in
MIMO systems.

2. Methods of research

A MIMO system with M transmitting and N receiving
antennas can be represented in the following general form

(Fig. 1).
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Fig. 1. Block diagram of a multi-antenna radio communication
system (MIMO)

At time ¢, antenna n receives a signal:

M
Yni = O s+, at n=1,.,N,

m=1

where £, — the transmission coefficients of the commu-

nication channel from the transmitting antenna m to

the receiving antenna n, which are uncorrelated complex

Gaussian random variables at A,, ~CN(0,1); x,,, the sig-

nal transmitted by the antenna m at time ¢; w©,, — com-

plex coefficients of additive white Gaussian noise with
~CN(0,6%) and dispersion o2

M
z‘xm,l‘zzL at t:1,...,T. (1)
m=1

The signals transmitted by the antenna m can serve
as signals of the constellation L-PSK:

1 2nki i ¢ B=019 . L1
xk—ﬁeXP T""Z , a =0,L2 ..., L-1]

where k& — k-th signal of the modulation constellation;
L — the number of modulation constellation signals. The
signal amplitude is divided by v/M in view of condition (1).

Let’s use the matrix form for the analysis of the MIMO
system:

Y, =HX, +W,

where ¢ is the time index for the matrices; Y, — received
matrix size N x1; H, — matrix of channel coefficients N x M;
X, — the transmitted information matrix M x1, and W, —
matrix of additive white Gaussian noise.

If the condition T,>T, is satisfied, where T; is the
coherence time (duration) and 7, is the symbol duration,
the matrix of channel coefficients H, during T is relatively
constant. This condition was confirmed by calculation and
taken as a basis.

2.1. Coding algorithm. The transmitted sequence of bits
in each of the transmission periods p is divided into
groups of ML bits — ¢, =(c;, ¢y, ..., ¢ay) . Then, according
to the state table of the encoder compiled earlier (to be
presented later), based on the combinations and previ-
ous transmitted values of the signals of the constellation
L-PSK X, = (21,%5,...,2x );H’ the values of the differential
signals xp=(xM+1,xM+2,...,x2M)p (belong to the constella-
tion L-PSK) are calculated according to the formula —
differential encoding rule:

x,=rX"
where r, — the Vector of complex differential coefficients
r,= (RhRZ, RM) X, — the complex matrix composed of
51gnals X, 1—(x1,x2, xM)[H and satisfying the orthogo-
nality condition:

i 2
XHX:(me INJ,

m=1

where X the Hermitian conjugation of the matrix X.
In this case, the transmit diversity order will be equal
to the number of transmitting antennas M.

Possible values of differential coefficients R,R,,...,R;
form a constellation R, and their sets (R1,R2,...,RM)]_,
each of which corresponds to a combination of input
bits ¢,c,,...,chy, form a set R,,. The number of these sets
is equal to the number of encoder states J=I", which
is determined based on their possible combinations of
input bits, the number of transmitting antennas M, and
modulation positionality PSK (Fig. 2).

Thus, differential signals x,, :(xMH,xMQ,...,xQM)p con-
tain transmitted bit information ¢, =(c;,Cy,...,Can)

Here is an example of the encoder state table for the case

It should be noted that the power of the transmitted M=2, QPSK modulation, and signal values x;=0.5+0.57,
signals at each moment of time is 1: x,=0.5+0.55 (Table 1).
TECHNOLOGY AUDIT AND PRODUCTION RESERVES — Ne 4/2(48), 2019 29 -
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¢, Differeptial r Differential signal
cOGfﬁ‘CleI'lt calculation
determination

does not carry any information and is
a reference. At time +2, a block M/ of
information bits enters the encoder, based
on the values of which two differential
coefficients R; and Ry are determined
from the encoder status table.

After that, the values of the differen-
tial signals x5 and x, are calculated and:

Fig. 2. The structural diagram of the encoder of differential space-time block coding (DSTBC)

Tahle 1
Encoder state table

Jlo ||| X3 X4 H Hy
1 0 0 0 0 | 0.5+0.5; | 0.5+0.5j 1 0
2lolo|lo]|1]os+05 | 0505|0505 0505
3 (0|0 1]| 0| 05405 |-05+05/| 0.5+0.5 | -0.5-0.5f
4 | 0|0 1| 1] 05+05 |-05-05f 0 —j
5(/0|1|0| 0| 0505 | 05+0.5 | 0.5-0.5/ |-0.5+0.5f
6| 0|1|0]|1]|05-05 | 0505 —j 0
7 0 1 1 0 | 0.5-0.5/ |-0.5+0.5j 0 -1
8lol1|1]1] 0505 |-0505|-0505-0505
91|00 o]|-05+05] 05405 | 0505 | 05405
10 1 0 0 1 |-0.5+0.57| 0.5-0.5j 0 1
11(1 0| 1|0 |-05+05|-05+05f j 0
12(1|01| 1|1 ]|-05+05|-05-05/|-05+0.5j| 0.5-0.5/
1311 |0 |0 |-05-05| 05+0.5 0 j
14l1]1]0]1|-0505] 0505 |-0505] 0505
151 |1]1]0|-0505|-05+05]-05+05|-05+05;
16 | 1 1 1 1 |-0.5-0.5j|-0.5-0.5j -1 0

Thus, there is a one-to-one correspondence between
X,.;, combination of information bits c,, differential coef-
ficients r, and x,. When compiling the state table of the
encoder, it is possible to use the expression to find:

r,=x,X

where X, is the complex conjugation of the
matrix X,

Let’s consider the example at M=2, using
the complex orthogonal Alamouti form [14]. In
this case, the signal transmission will be carried
out according to the Table 2.

Table 2
Signal transmission structure 0 d
0 1
No. t t+1 t+2 t+3 é é
Antenna 1 X —X; X3 —X; 0 1
Antenna 2 X, X; X, X3

The signals x; and x, can take any values x;, of the
constellation L-PSK and are transmitted respectively by
the first and second antenna at time ¢, and the signals —x;
and x; at time ¢+1. The matrix transmitted in this way:

Oﬁﬁ
2

“O‘o

X, =X{ — (x3,x4) = (R1,R2)X1T~
The signal matrix:

X3 —X;

Xy X

carries information of a block M of information bits. After
transmitting the matrix X,, the next block of Ml bits en-
ters the encoder and the encoding then occurs according
to the specified algorithm. The coding rate is 1.

For the case M=4, it is possible to use the real ortho-
gonal form [15], which involves the use of modulations
of the BPSK or ASK type. Also in [15], a method for
constructing real orthogonal forms for an arbitrary number
of transmitting antennas with a code rate of 1 and complex
orthogonal forms with a code rate of 1/2 is described.

Next, let’s consider the coding implementation, which
is carried out according to the following tree-like algo-
rithm (for the case M=2 and QPSK modulation) (Fig. 3).

Based on the fact that in this case MI=4 bits, encod-
ing (determination of values r, =(R,R,),) is carried out
in four steps. The bit values ¢ —(61,62,6;,64) determine
the path from node to node along the branches. Mov-
ing along each branch, the weights of the branches are
summed. The value of the sum with an additional unit
indicates the value of the state of the encoder j, based
on which Ry and Ry are determined. Thus, having 4 input
bits, there is no need to enumerate the encoder status
table for all possible variations (J=16), which optimizes
the computational load and computation speed.

/O\

o o
P -G
PO T T Y

56580856566d0

5 6

Example: If the encoder received 4 bits — 0101, then the
sum of the branch weights is 0+4+0+1=5. Adding a unit
to the sum, get j=6 and, therefore, according to Table 1:
Ri=—j, R,=0.

2.2. Decoding algorithm. As can be seen from Fig. 1, a set

X, = | —x of signals emitted from all transmit antennas is induced
! Xy, X1 on each of the receiving antennas. It is assumed that all
; 30 TECHNOLOGY AUDIT AND PRODUCTION RESERVES — Ne 4/2(48), 2019
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propagation channels are uncorrelated and, therefore, maxi-
mum diversity is achieved.

Let’s consider the case in which M=2 and N=1. The
signals received by the receiving antenna at the appro-
priate time points can be recorded as:

Yo = hix + hox, + @,
Your = =y + Iy + 70,4,
Yoo = My + Xy +@,,

Yerz = —hixs + oxs + w5

In matrix form:

Y Xy Xy w,
Y| _ X x|y . Wy Y| (XT H+W1
Yeo| X5 24||| |@par Y, X7 W,|
yt+3 X; X; W3

Then the restored values of the differential coefficients
are defined as:

Yo Yeut||[Yen2
Ri|_lyiw —4illYos
R, ‘yL‘z""yLH‘Z

The block diagram of the DSTBC decoder is shown

in Fig. 4.

Y,
Calculation of
differential coefficient
estimates

Fig. 4. The structural diagram of the differential spatial-temporal block
coding (DSTBC) decoder

Further, let’s agree in the notation: y{ — the upper
index determines the time instant, and the lower — the
number of the receiving antenna; Y — the upper super-
script in parentheses (-) determines the column number
of the matrix Y.

At M=2 and N=2:

t t ' t
1 2 hy o iy w; w,
Yo Pioxr + LY, =X/H+W,
\Z/{H y£+1 1 h21 hu r+1 wéﬂ 1 1
2 (+2 t+2 1+2
yiv yh W w,
. =X'H+ 1=Y,=XH+W,.
y{H y§ +3 wrs w§+3

In this case, the restored values of the differential coef-
ficients are defined as:

t+2 t+2

(w) | v . (5) || 95
R|_|w) v ()] ) -l
e

In a similar way, the values of differential coefficients
are calculated for the case M=4.

After the reconstructed values of the differential coeffi-
cients are obtained, the receiver, by evaluating the maximum
likelihood (ML), selects the closest vector (R1,R2,...,RM)]_
from the set of their combinations R, represented by
the encoder status table. After that, the transmitted se-
quence of bits ¢, corresponding to the state of encoder j
is determined:

2

(€1G20evnEa0), = argmin|(RiRese.os R ), = (R R Rur )|

Next, let’s describe an algorithm for compensating noise
components. Let’s draw attention to the fact that after
receiving Y, and Y, becomes possible to estimate the va-
lues of the channel matrix (provided that the decoding ¢,
is valid and X, #X,):

H=(X/-X})"(Y,-Y,),

therefore, it is possible to restore the values of the noise
matrix W, when receiving Y;, and W,, when receiving Y,:

W, =Y, - X (X] -X}) " (Y, - Y,),
W, =Y, - X} (X -X}) " (Y, - Y,).

But, since the decoding of the bits ¢, transmitted by
the matrices X; and X, has already occurred, it is pos-
sible, having determined the values of the noise matrix W,,
subtract them from Y, and use the obtained one (that is,
the vector Y, without taking into account the influence
of noise) and the next received vector Y; to restore the
differential coefficients R;,R,...,Ry and decode the sub-
sequent transmitted bits ¢,. Thus, the condition — two
signals (vectors) Y, and Y, are involved in decoding
and, upon which interference and noise of the communica-
tion channel are superimposed — changes, and, already in
this situation, when decoding, only one vector of received
signals will be affected by noise, and from the second it
influence will be removed. The described algorithm makes
it possible to approximate the DSTBC method to the me-
thods of coherent reception in efficiency, despite the fact
that these methods use pilot signals that do not contain
useful user information, thereby being redundant and do
not allow efficient use of the radio frequency spectrum.

3. Research results and discussion

The simulation was performed in the MATLAB software
package for a different number of receiving and transmitting
antennas. The simulation results are presented in Fig. 5
(for M=2) as dependences of the probability of error of
received symbols (BER) on the signal-to-noise ratio in
the system (SNR) and are given for BPSK, QPSK, and
8-PSK modulations using Alamouti STC [14], a typical
scheme of the described differential STC [16, 17] and
the proposed DSTBC. The simulation was carried out
using the Rayleigh fading channel, taking into account
the condition for relatively constant values of channel
coefficients 4, , during the coherence time T;.

TECHNOLOGY AUDIT AND PRODUCTION RESERVES — Ne 4/2(48), 2019

31—)



INFORMATION AND CONTROL SYSTEMS:
REPORTS ON RESEARCH PROJECTS

I55N 2226-3780

P SIS0
-9 -stBC2"1 ||
—— DSTBC, 21
' =0= DSTBC 2*1
= @ - sTBC2*2

—— DSTBC, 22|,
' =0= DSTBC 2*2
= ¢ -sTBC2"4

—sk— DSTBC, 24
‘s | =0~ DSTBC 2'4
=& -sTBC2'8 [P
—— DSTBC, 2'6

=0~ DSTBC 2*8

20 25
—
~
~ b\'
A .;.~.6; 2
\o
Q SN
'\ ~ )
X .

A

107 - ‘ =
10 15
SNR, dB

c

BER

10

10

SNR, dB
d

Fig. 5. Interference immunity curves for the cases under consideration:
a — BPSK; b — OPSEK; ¢ — 8-PSK; d — OPSK with the disabled noise reduction algorithm

The use of the DSTBC method for an arbitrary number
of transmitting antennas is limited by the need for the
availability of appropriate complex orthogonal forms. In
this work, for M=2, the complex orthogonal Alamouti
form [14] (code rate=1) is used, for M=4, the real and
complex orthogonal forms [15] (code rate=1 and 1/2).

It should be noted that an increase in the positiona-
lity of phase modulation or the number of transmitting
antennas leads to an exponential increase in the com-
putational complexity of decoding, since the number of
states of the encoding/decoding table is J=L™. In view
of this, it is advisable to use spherical decoding methods
when decoding.

From the graphs in the Fig. 5 it is possible to show
that in terms of efficiency with equal numbers of spatial
channels of the Alamouti STC, it is almost comparable
to the proposed DSTBC (when the noise compensa-
tion algorithm is turned on) and they both outperform

a typical differential STC by 3 dB on average. This is
a definite result. This can be said about comparing the
noise immunity of coherent Alamouti STC and incoherent
DSTBC. It should also be emphasized that the Alamouti
PVC was modeled taking into account reliable knowledge
of the state of the communication channel, which is not
achievable in all cases. It is also possible to note that in
the STC implementation, as already mentioned, channel
estimation is necessary with the help of pilot signals that
consume system resources and impede the efficient use
of the radio frequency spectrum, while there is no such
need for the DSTBC.

It should also be noted about the effectiveness of the
DSTBC without the compensation algorithm for the noise
components of the communication channel (noise immunity
curves with the noise compensation algorithm disabled).
This is due to the cumulative increase in the distance
between the nearest states determined by the points of

;32
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the signal constellation of differential coefficients R, com-
pared with a similar distance of the L-PSK constellation.

4. Conclusions

The DSTBC method proposed in the work relates to
incoherent methods. It is based on the DPSK principle,
which allows there to be no need for information about the
state of the communication channel at the receiving side.
The method also contains the developed algorithms for tree
coding and compensation of the noise components of the
communication channel. This, accordingly, makes it possible
to optimize the computational load of the system implemen-
tation and bring the proposed differential method closer to
the coherent reception methods in terms of noise immunity.

Due to obvious advantages, the described method can
find application in modern radio communication systems
with rapidly changing communication channel parameters
due to the high speed of movement of mobile stations.
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