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MPOLEAYPA KOTEPEHTHOI JEMOJTYJISIIII
B3A€EMHO HEOPTOI'OHAJIBHUX IU®POBUX CUT'HAJIIB

VY po6oTi IOCHiAKYy€eThCS MpOLEeaypa KOTE€pEeHTHOT JeMOAYIALIl B3a€MHO HEOPTOTOHAIbHUX
U(PPOBUX CUTHATIB 3 TayCIBCHKOIO MiHIMAJIBHOIO YaCTOTHOKO MAHIMYJIALIEI0 3 METOIO MMOBTOPHOTO
BUKOPUCTAHHS PaJio4acTOTHOIO pecypcy.

The efficient use of radio frequency resources plays a crucial role in the world,
considering that the social, economic and technical development of the country no
less depends on the effectiveness of its use.

According to the Law of Ukraine “On Radio Frequency Resource of Ukraine”,
the main principles of radio frequency resource management in Ukraine are:
protection of radio frequency assignments; efficient use of distributed radio
frequency bands; development of scientifically substantiated recommendations for
making appropriate decisions to increase the efficiency of use and meet the needs of
users of the radio frequency resource of Ukraine [1].

In order to reuse the radio frequency resource, it is proposed in this paper to
use the methods of digital signal separation statistical theory to perform a synthesis of
the non-orthogonal digital signals with Gaussian Minimum Shift Keying (GMSK)
processing procedure.

The coherent demodulation procedure of mutually non-orthogonal digital
signals with Gaussian minimum frequency manipulation has a number of advantages

[2]:

- if the average power of the first GMSK signal is significantly exceeded over
the power of the second GMSK signal and there are no errors in estimating the
parameters of a stronger signal, and the potential noise immunity of the procedure is
the same as in the absence of the first powerful signal;

- in the absence of the first GMSK signal, this procedure degenerates into a
classical coherent demodulation of GMSK signal,

- this procedure can be used in the implementation of frequency resource reuse
programs and in the development of promising interference-protected radio
communications.

Despite the great variety of modulation types, methods, etc. in practice only a
limited number of them can be used. Modern communication systems require special
attention to the efficient use of resources such as transmission power and channel



bandwidth. According to these criteria, GMSK is well suited for mobile
communication and is already implemented in GSM systems and IEEE 802.15
specification (Bluetooth), the used concept has the advantage that the information is
transmitted in phase changes, rather than in the phase itself.

The GMSK signal can be easily detected using an orthogonal coherent
detector, which is similar to the classic signal with Minimum Shift Keying (MSK).

GMSK modulation is based on MSK, which is a form of Continuous Phase
Frequency Shift Keying (CPFSK). One of the problems with standard PSK forms is
that the sidebands strongly expand out of the media. And we can use MSK and
GMSK to overcome this. MSK as well as GMSK is implemented as a continuous
phase circuit. There are no phase breaks, because the frequency changes occur at the
points of zero carrier intersection. This is due to the unique quality for MSK and
GMSK. Thus, the frequency difference between logic 0 and 1 states is always equal
to half of the data rate. This can be expressed in terms of the modulation index equal
to 0.5.

At the k-th clock interval, the signal is determined by the following formula:
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where A, —amplitude of the signal with MSK, w, — carrier frequency,
Q,—frequency deviation, 1;, —discrete parameter (informational symbol),
@io — Initial phase.

Thus, we see that the signal with MSK depends not only on the informational
symbol on k-th clock interval but also on the previous values of it.

The MSK makes the phase change linear and limited to + (7 / 2) per bit interval
T. This allows MSK to provide a significant improvement over the QPSK. Due to the
effect of linear phase change, the power spectral density has weak side lobes that help
control the interference of the adjacent channel. However, the main lobe becomes
wider than in quadrature manipulation. Since we have the task of separating two
signals, it will accordingly be necessary to represent both signals in such a way that it
would be possible to record the observation of input and the likelihood functionals
following it.

There are two main ways in which the GMSK signal can be generated. The
most obvious way is to filter the modulating signal using a Gaussian filter, and then
transmit it to the frequency modulator, where the modulation index is set to 0.5. This
method is very simple, but it has a major drawback, which is that the modulation rate
should be equal to 0.5 and in practice this method is not suitable, because certain
values affect the signal and it is impossible to accurately set the modulation index.

The second method is more widely used and it consists in the fact of using a
quadrature modulator that means the signal phase is quadrature or changed by 90
degrees relative to the initial. The quadrature modulator uses components, which are
in-phase and the quadrature. Due to the phase and quadrature elements, this type of
modulator is often called the 1-Q modulator. Using this type of modulator, the
modulation rate can be maintained at exactly 0.5, without the need for additional



settings. This makes it relatively easy to use and provide the required level of
accuracy without the need for adjustment.

For demodulation, this technique is used in the opposite direction. Since the
spectrum of the MSK signal in such scheme will also have side lobes extending
beyond the bandwidth, it is necessary to reduce them by passing the modulating
signal through the low-pass filter before applying it to the carrier. The requirements
for the filter are: it must have a sharp limit, a narrow bandwidth, and its impulse
response must not exceed.

The optimal filter known as a Gaussian filter has the Gaussian response to the
pulse we need. Actually, by adding such a filter to the circuit, a GMSK signal is
obtained.

The possibility of reuse of the radio frequency resource will be provided by
building the model, which will be working with given conditions and providing the
needed task, namely - ensuring the processing of two mutually non-orthogonal digital
signals. To build a workable model, the mutual energies for these two signals will be
calculated, one of which, provided, is more powerful than the other.

Its implementation is planned and already developing by using Matlab software
package, Simulink application. Initially, for the case of ideal coherent receiving, it is
necessary to synthesize a model that will operate on one clock interval, which,
although will be losing in noise immunity to a signal from BPSK however still
emerging a new quality, that is the ability to separate each of the signals in one radio
channel operating simultaneously.

An important factor is to determine the noise immunity of this model, which is
also possible in this software package, and the indicators that will be measured to
evaluate it: Bit Error Rate (BER) and the signal-to-noise ratio (SNR). A high BER
causes increased packet loss, increased latency, and reduced system bandwidth, and
is the opposite of SNR [3]. The GMSK modem performance in many works is
determined by measuring the SNR to BER.

Conclusion. Thus, this procedure allows using the same frequency band for
both digital mutual non-orthogonal signals that is beneficial in the way of reusing the
radio frequency resource. It is expected that the difference in power of 6 dB will
allow the receiving side to separate two signals without loss of information. This will
increase the number of subscribers operating simultaneously within one GSM cell,
which will have a positive impact on the performance of the system as a whole.
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