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1. Mopzieni Ta anropuTMu (PYyHKIiOHYBAaHHS F€TEPOT€HHUX MEPEXK MOOIJIBHOTO 3B'SI3KY.

2. Models and algorithms of heterogeneous mobile networks operation.

Pedepar:

1. Incepraris npucBg4YeHa po3Bs13aHHIO aKTyaJlbHOTO HAyKOBOTO 3aBJIaHHSI PO3PO0JIEHHS] MOJIeJIel Ta aJITOPUTMIB
aJlallTUBHOTO BUKOPUCTAHHS Paio4aCTOTHUX PECYPCIB JILLEH3IHOrO Ta HEJiLEeH3IMHOr0o [1ialla30HiB y Meperkax
MOOIJIBHOTO 3B’$13KY 3@ HasIBHOCTI KiJIbKOX KOHKYPYIOUUX OIIE€PATOPiB 3B'I3Ky Ta BUCOKOI F€TEPOTr€HHOCTI TEXHOJIOTIN
PafiomoCTyIly, TUILB IIPUCTPOIB Ta BUMOT 10 NTAPAMETPIB SKOCTI NlepenaBaHHs JaHux. [IpoBeneHo anasi3 IoTOYHOro
CTaHy Ta TeHJEHIill pO3BUTKY MepesK MOOIIbHOTO 3B’13KY 32 HaIllpSIMKOM CTaHJAAPTIB IT'SITOTO [TOKOJIiHHS. Bu3HaueHo
OCHOBHi 00MeXy10ui (PaKTOPH 11715 MiABUILEHHS IPOIYyCKHOI 3IaTHOCTi MEPEX MOOIJIBHOTO 3B513KY, TaKi SIK
O0OME>XEHHSI Paflio4aCTOTHOIO PECYpPCy, IPOOJIEMATUKY PO3MOiNy CIEKTPY Ta JlilleH3yBaHHS TEXHOJIOTIN
pazio3B’si3Ky B YKpaiHi, BiZICYTHICTh €AMHOI IIJIOIMHY YIIPABIiHHS reTePOreHHOI0 MEPESKHOI0 iHPPaCTPYKTYPOIO.
OTpuMmaB NoJasbIINi PO3BUTOK METOJ, BUIIAJIKOBOIO AOCTYILY 3 IIPOCJIyXOBYBAaHHSM CEPELOBUIIA LIJISIXOM MOTO
ajanrauii 1o cTpykTypu Kaapy LTE Ha KaHa/bHOMY PiBHI, 10 1aJ10 3MOTy MiABUIIATHA CyMapHY IIPOIYCKHY
3[IaTHICTb T€TePOTreHHOI MepeXXi MOOIIBHOTO 3B'13KY 32 PaXyHOK a[IallTUBHOTO BUKOPUCTAHHS HeJlLleH3iHIX

PazlioyacTOTHUX PECYPCiB. Briepiie 3anpornoHOBaHO MOZEJb CIiJIbBHOTO BUKOPUCTAHHS Pafio4aCTOTHUX PECYPCIB



KiJIbKOMa OIlepaTopamMy MOOIIBHOTO 3B'SI3Ky Ha OCHOBI Teopii irop, sika, Ha BiIMiHy Bifl iCHyI0unX, BpaXxoBy€e MOTOYHI
noTpeby oriepaTopa y NPOIyCKHIl 30aTHOCTI, 110 JA€ MOKJIMBICTD NiIBUIIUTY e(PEeKTUBHICTh BUKOPUCTAHHS
PazioyacTOTHUX PECYPCiB B yMOBax OJHOUYaCcHOro (pyHKLioHyBaHHS Mmepex LTE pisHux onepaTopis y
HeJILIEH31THOMY YaCTOTHOMY Jlialla3oHi. Briepiue 3arporoHOBaHO METOJ, BUTIAZKOBOTO JOCTYILY 3 KOOPAVMHOBAaHUM
IIPOCJIYXOBYBaHHSM cepenoBuia abonenramu LTE, gkuii, Ha BigMiHy Bin Bizomux, rpyrye aboneHTtiB y D2D
KJIacTepH, 10 JJa€ 3MOTY 3HU3UTU piBeHb iHTepdepeHLiHNX 3aBa, y FeTePOreHHil Mepeski MOOiIbHOTO 3B513KY 32
PaxyHOK 3MEHIIEHHS KiJIbKOCTi KoJi3iil Mixk aboneHTamu LTE y HesilleH3iiHOMY 4aCTOTHOMY JianasoHi. [IpoBesieHo
MOJIEeJIIOBAaHHS Ipolecy (PyHKIIOHYBAaHHS TeTePOreHHOI MepeKi MOOIIbHOTO 3B’13KY B JIilleH3IIIHOMY 4aCTOTHOMY

nmiamnasoHi.

2. The thesis is devoted to solving the actual scientific problem of developing the models and algorithms for
adaptive utilization of licensed and unlicensed spectrum resources by LTE mobile networks in the presence of
several competing network operators and high heterogeneity of radio access technologies, device types and
parameters of data transmission quality. The current state and state-of-the-art trends in 5G mobile networks
development have been analyzed in details. The key constraints of the network capacity have been identified, such
as spectrum scarcity, problems of spectrum allocation and licensing of the wireless communication standards in
Ukraine, absence of a unified management platform for a heterogeneous network infrastructure, etc. To alleviate
these above mentioned issues, several solutions to improve the future 5G mobile network infrastructure have been
proposed. First of all, the method of carrier sense multiple random access has been further developed to adjust
media access control to the LTE frame structure. This solution enables the adaptive utilization of unlicensed radio
frequency resources to increase the total throughput of the heterogeneous mobile network. In addition, a new
model for the unlicensed spectrum sharing by several mobile network operators has been proposed. The novelty of
this model is in the new game theoretical framework with proportional payoff distribution among the operators by
calculation of the Shapley value, which prevents their selfish behavior. In the proposed framework, Shapley value
determines how much spectrum should be allocated for each mobile network operator depends on their payoffs.
High payoff means that spectrum utilization is close to the initial spectrum allocation. Low payoff means that
network operator allocates much more or less spectrum than is actually required. The key advantage of this
approach is in the flexibility to the traffic fluctuation within internal operator’s network. Proposed model takes into
account the instantaneous bandwidth demand of the operator, which enables the increasing of the spectrum
utilization efficiency in conditions of simultaneous operation of multiple LTE operators in the unlicensed
spectrum. Further in this thesis, a new approach for cooperative spectrum sensing for the scenario of device-to-
device assisted cellular network. The main idea of this approach is to reduce the number of total spectrum sensing
attempts for each user by enabling their cooperation in clusters via device-to-device communication. Each cluster
is formed by two or more devices in the vicinity of each other, which sense the carrier occupancy alternately and
share the obtained information with other cluster members. Thus, the number of sensing attempts is decreased
proportionally to the number of users in a single cluster. To further improve the bandwidth utilization, cluster
members configure the size of contention window to minimize the idle time between their access to the
unlicensed channel. The simulation of a heterogeneous mobile network operation in the licensed spectrum has
been conducted and advantages of the proposed solutions have been confirmed.
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