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1. KEY ASPECTS OF CIVIL 5G WIRELESS 
COMMUNICATION SYSTEMS
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I. Precoding techniques for MIMO
systems

II. Feedback techniques for MIMO systems

III. Decreasing of computational
complexity of demodulation algorithms

IV. Development of demodulation
techniques for massive MIMO systems

V. New space-time codes (STC)

VI. Antenna selection in MIMO systems

VII. MIMO detection
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Precoding – weighting transmitter data symbols by addition complex-value weights to encoded symbols at
the transmitter side.
Precoding technique based on channel knowledge at the transmitter side (CSIT) which provides to manage

transmitter power and calculate beamforming weights to obtain the highest capacity and interference
suppression.

2. PRECODING TECHNIQUE FOR MIMO SYSTEMS

Precoding and channel state information
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4. PRECODING TECHNIQUE FOR MIMO SYSTEMS

Antenna 
configuration 4x4

Channel MIMO Rayleigh fading channel

Channel 
encoding

Convolutional encoding (rate 
3/4)

Modulation 16QAM

Simulation conditions

Results of simulation illustrates energy gain of 
proposed method about 2 dB.
The main goals of precoding technique development:
1) increasing of energy gain;
2) increasing of capacity;
3) increasing of noise immunity;
4) decreasing of computational complexity.
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5. PRECODING TECHNIQUE FOR MIMO SYSTEMS

Multiuser MIMO systems with precoding at the base station side based on user feedback
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6. PRECODING TECHNIQUE FOR MIMO SYSTEMS

Antenna 
configuration

Base station: 4 Tx
User: 2 Rx 

Number of users: 2

Channel MIMO Rayleigh fading channel

Channel 
encoding

Convolutional encoding (rate 
3/4)

Modulation 16QAM

Simulation conditions

Results of simulation illustrates energy gain of proposed 
method about 2 dB.
The main goals of multiuser precoding technique development:
1) suppression of multiuser interference
2) increasing of energy gain, 
3) increasing of capacity 
4) increasing of noise immunity
5) decreasing of computational complexity

Simulation results of proposed by us method
allows increasing multiuser precoding efficiency



7. DECREASING OF COMPUTATIONAL COMPLEXITY OF
DEMODULATION ALGORITHMS FOR MASSIVE MIMO SYSTEMS
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Our development is approach that require less number of elementary 
arithmetical operations for obtaining of the MMSE estimate for the vector 
of transmitted symbols at receiver.

Problem to solve: extremely high level of the computational complexity
in obtaining of the estimate of the vector of transmitted symbols applying
known algorithms used for the purpose of demodulation at the receiver side
in massive MIMO systems:

• The MMSE demodulation algorithm is the basic one for massive MIMO systems due to low 
computational expenses as compared with the Maximum Likelihood (ML) method; it also 
possesses a higher resistance to noise as compared with the Zero-Forcing (ZF) method.



Using of different methods
of fast multiplication of the
matrices allows decreasing
the number of elementary
arithmetical operations by
up to 44% as compared to
the traditional MMSE
method depending upon
the number of antennas
without losing in the
resistance to noise
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Efficiency of applying fast matrix multiplication in MMSE 
estimator

8. DECREASING OF COMPUTATIONAL COMPLEXITY OF
DEMODULATION ALGORITHMS FOR MASSIVE MIMO SYSTEMS



9. DEVELOPMENT OF DEMODULATION TECHNIQUES FOR
MASSIVE MIMO SYSTEMS
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Problem to solve: develop a new demodulation technique having lower
computational expenses and lower resistance to noise as compared with the
MMSE method:

• Let us consider the number of arrays at the receiver end and the number of arrays at the 
transmitter end are equal; that is N.

• The MMSE demodulation algorithm has cubic computational complexity O(N3). The above 
computations have to be performed during the period of time, which is not exceeding the 
duration of one informational symbol.

• Large-size MIMO systems it is typical to have a large dimensionality of the matrix of 
complex transmission coefficients of the telecommunication channel, in particular, N>>32. 



10. NEW SPACE TIME CODES
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Results of simulation illustrate that
applying STC matrices proposed
by us provided to obtain 1.2 - 2
dB energy gain in comparison
with known method BLAST.

Open question: Development of
new STC matrices for high
capacity massive (Large Scale)
MIMO systems

ANTENNA
CONFIGURATIO

N

8X8

CHANNEL MIMO RAYLEIGH FADING
CHANNEL

MODULATION 16QAM

Simulation conditions

Comparison of efficiency of known BLAST and
proposed method applying space time code



11. ANTENNA SELECTION IN MIMO SYSTEMS
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Antenna selection is a promising technology for MIMO systems that allows the selection of transmit and
receive antennas based on channel state information to achieve the highest capacity and noise immunity

Feedback channel information and antenna selection



12. ANTENNA SELECTION IN MIMO SYSTEMS
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Comparison of efficiency of different antenna
selection criteria

Result of simulation illustrates:
1) capacity gain 40-60% by applying
full channel state information on
transmitter side for antenna selection
2) capacity gain 25-30% of applying
capacity criteria for antenna
selection
3) capacity gain 10-15% of applying
signal to noise ratio criteria for
antenna selection

Simulation conditions
ANTENNA

CONFIGURATIO
N

8X8
NUMBER OF SELECTED

ANTENNAS: 2

CHANNEL MIMO RAYLEIGH FADING
CHANNEL

MODULATION 16QAM



13. MIMO DETECTION
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Results of simulation illustrate that

method for spatial signal detection

proposed by us provided to obtain 2 dB

energy gain in comparison with existing

BLAST and STC

ANTENNA

CONFIGURATION

2X2

CHANNEL MIMO RAYLEIGH FADING 

CHANNEL

MODULATION 16QAM Comparison of different existing detection methods
and method proposed by us

Simulation conditions



14. OUR PUBLICATIONS (IN RUSSIAN)
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15. OUR PATENTS
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Any questions?

Thank you for your attention!
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