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MeperKax MOGIIbHOTO 3B'13KY

2. Models and method of optimal distribution of network resources in software-defined heterogeneous mobile
networks

Pedepar:

1. Incepraniiina po60Ta IPUCBIYEHA PO3BSI3aHHIO aKTyaJIbHOTO HAyKOBO-IIPAKTUYHOTO 3aBAaHHS IiIBULLIEHHS
eeKTUBHOCTI BUKOPUCTAHHS PECYPCIB Ta SKOCTi 06CIyrOByBaHHS B CUCTEMax MOOiIbHOTO 3B'13Ky 4G /5G muisixom
PO3pOOJIEHHS MOJieJiell THY4KOro yIIpaBiliHHS iHpopMalLiflHUMU TOTOKaMU Ta METO/IiB OIITUMAJIbHOTO PO3IIOLiNy
MEepEeXXEBUX PECYPCiB. 3alIpONIOHOBAHO apXiTEKTypy MoOinbHOI Mepexi 4G cranpapty LTE i3 HoBoBBeieHUM M2M
LITIO30M, SIKa MOXKe OYTH OCHOBOIO i 117151 TOOYI0BU Mepek 5G B yMOBaX MaCOBOTO pO3rOPTAaHHSI CepBiciB IHTepHeTy
peden Ta MibkMalIMHOI B3aeMoJii. Ha piBHI HOBOBBEEHOTO LIJII03a YIOCKOHAJIEHO MpolLieC KaacTtepusanii M2M
IIPUCTPOIB, piopuTe3allii Ta arperatii Tpaiky i3 MOXIUBICTIO 6a/laHCYBaHHS HABAaHTAKEHHSI MK pi3HUMU
6a30BUMHU CTaHLisiMU. Take pillleHHs JAaCTh 3MOTy OIlepaTopam MEpeXi 3a/IMIIMTH iCHYI0Ui 6a30Bi CTaHLii 6€3 3MiH,
3MEHIINTY Ha HUX CUTHAJIbHE HaBaHTaKe€HHS Bijg, M2M naT4mKiB Ta BiANIOBIIHO MOKPALUTHU SKiCTb OOCIYyTOBYBaHHSI.

Po3po6s1eH0 MeTOA FHYYKOro yIIpaBiiHHs iHpopMaLiiHuMY [TOTOKaMu Ha M2M 1u1i03ax Ta po3Ioisy 4acTOTHO-



4aCOBHUX PecypciB B reteporeHHiit mepexi 4G /5G. 3a1ponoHOBaHO CMOCI6 MiipaxyHKy BUTpally 110 CUTHami3anii
IIpu KJacTepusalii JaTyukis. PO3po6yieHO MeTo, ONITUMaIbHOTO PO3IOLiNYy YaCTOTHO-YaCOBUX PECYPCiB B Mepeskax
craHpapty LTE Ha ocHOBi afanTUBHOrO BUOOPY LIMPUHU CMYTU pafiioyacToT. Po3pobseHo iMiTaliiiHy Mozesb
npouecy QyHKIiOHyBaHHS F€TEPOre€HHOI MEPEXi MOOIIbHOTO 3B'SI13KY, SIKa aBTOMAaTU3Yy€E 3alIPOIIOHOBAHUI METO/]
OIITMIMAJIbHOTO PO3IIOZiNY YaCTOTHO-4YaCOBUX PECYPCIB. JJOBEIEHO, 1110 3aCTOCYBaHHS MYJIbTUCTAaHAAPTHUX M2ZM
m1t03iB B apxiTekTypi LTE masno 3mMory MiHiMi3yBaTH KiJIbKiCTb CUIHaJIbHOI iHpopMaliii B mpoueci arperarii M2M
Tpadiky 1o 10%, 110 y NoeqHAHHI i3 METOJIOM ONITUMAJIbHOTO PO3IOily pecypciB 3a6€31e4nsIo PO3BAHTAKEHHS
MepeXi B cepeHbOMY Ha 9% Ta MiIBULLEHHS CEPEIHbOIO 3HAYE€HHSI CIIEKTPaJIbLHOI €(DEKTUBHOCTI Ha 6%.
3anpornoHOBaHO KOHLEITyallbHy MOZEJIb IPOrpaMHO-KOHPIrypoBaHoi Mo6isIbHOI Mepeski HOBOTI'O IIOKOJIiHHS, SIKa
JACTh 3MOr'y 3a0€3I1eYMTH y3roJpyKeHe Ha piBHi 6a30B0i CTaHLji, siApa Mepexi Ta 30BHilHIX [P-opieHTOBaHUX Mepex
IvdepeHLiioBaHe aallTUBHE YIIPABJIiHHS PeCypcaMi Ta OKpeMUMH iHGOpMaLilHUMU [TIOTOKAaMU Bifi MOGIJIBHUX Ta
M2M /10T npucTpoiB 3 METOI0 rapaHTyBaHHS HACKPIi3HOI SIKOCTi 06CJIyTOBYBAaHHS B yMOBax TUMUYaCOBOi HECTaui
CIIEKTPJIbHUX PECYpPCiB Ta HecTabiNbHOCTI pasiiokaHany. OOrpyHTOBaHO HAyKOBO-TEOPETUYHI MiIX0nH 1[0/10
peasizalii nporpaMHO-KOHQIrypoBaHOi FeTEpOreHHOI MepeXXi MOOGIJIbHOTO 3B's13Ky Ha OCHOBI TexHosoriii SDN /NFV
ta SDR.

2. The thesis is devoted to solving the actual scientific and practical task of improving the efficiency of resource
utilization and quality of service in 4G/5G mobile communication systems by developing models for flexible
management of information flows and methods for optimal allocation of network resources. The architecture of a
4G mobile network of LTE standard with a newly introduced M2M gateway, which can be the basis for the
construction of 5G networks in terms of mass deployment of IoT and M2M interaction services has been proposed.
At the level of the new gateway, the process of clustering M2M devices, prioritization and aggregation of traffic
with the possibility of load balancing between different base stations has been improved. This solution will allow
network operators to leave existing base stations unchanged, reducing the signal load from M2M sensors and,
consequently, improving the quality of service. A method for flexible management of information flows at M2M
gateways and time-frequency resources allocation in a heterogeneous 4G/5G network is developed. A method for
calculating signaling gains in sensor clustering is proposed. A method for optimal allocation of time-frequency
resources in LTE networks based on the adaptive selection of frequency bands is developed. A simulation model of
the process of functioning of a heterogeneous mobile network is developed. This model automates the proposed
method of optimal allocation of time-frequency resources. It has been proved that application of multi-standard
M2M gateways in LTE architecture allowed minimizing the amount of signaling information in the process of M2M
traffic aggregation up to 10% which, combined with the method of optimal resource allocation, provided an
average network offload of 9% and an increase in the average spectral efficiency of 6%. This model will provide
coordinated at the level of the base station, the core network and external IP-oriented networks, differentiated
adaptive management of resources and individual information flows from mobile and M2M /10T devices to ensure
end-to-end service quality under conditions of temporary lack of spectral resources and instability of the radio
channel. Scientific and theoretical approaches to the implementation of software-defined heterogeneous mobile
network based on SDN/NFV and SDR technologies have been substantiated.
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