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1. TligBuUIIeHHS! €HePreTUYHOI Ta CIIEKTPaIbHOI €(PEKTUBHOCTI F€TEPOT€HHUX MEPEXX MOOIJIBHOTO 3B'SI3KY IT'STOr0

[IOKOJIIHHS

2. Increasing the energy and the spectral efficiency of fifth generation heterogeneous mobile networks

Pedepar:

1. Incepranjiiina po60Ta IpUCBIY€HA BUPIlIEHHIO aKTyabHOI HAyKOBO-TIPAKTUYHOI 33/1a4i po3po0JieHHs Mofieseit
Ta QJITOPUTMIB MiABUIIEHHS NPOIYCKHO]I 31aTHOCTI FTeTEPOr€HHUX MEPEX MOOLILHOTO 3B'SI3Ky B YMOBax OOME>KEHUX
CIEKTpaJIbHUX PECYPCIB Ta HECTALIOHAPHUX €HEePreTUYHUX NapaMeTpax MEPEeKi, a TAKOXK PO3pOOJIEHHS MOJeei
IIJIaHYBaHHS 6araTopiBHEBOI CTPYKTypU reTepOreHHOI MepeXi Ha eTalli IpOeKTyBaHHS [1J1s1 3a0e31eYeHHs] BUMOT JI0
IIPOIIYCKHOI 30aTHOCTI ITPM NigTPUML MiHiManbHOrO piBHS iHTepdepeHLii. B po6oTi geTanbHO PO3IJISHYTO BUMOIU
IO MEPEX MOOIJIBHOTO 3B'S13Ky IT'ITOT0 NOKOJIiHHS Ta IPOAHaJi30BaHO OCHOBHI TEXHIi4Hi pilleHHS, CIPSIMOBaHi Ha
33/I0BOJIEHHS LIUX BUMOT. 3aIIPOIIOHOBAHO METOAMKY BUOOPY BIKOHHUX QYHKIIiH 3 e(peKTUBHOIO JIOKaJIi3allieio
€Heprii B YaCTOTHO-4YaCOBil MJIOMIWHI 3 ypaxyBaHHSIM B3a€MHUX BIUJIMBIB y F€TEPOr€HHIN MEPEXI, 0 Ja€ 3MOTy
NiABUIIMTY €HEPreTUYHY Ta CIEKTPaJIbHy e(PEeKTUBHICTb paflioOKaHaliB, 32 paXyHOK 3MEHIIEHHs iHTep@epeHLii y
reTepOreHHNX MePeXKax MOOINIBHOTO 3B's13Ky. BupimeHno 3agady epektuBHOi iHTerpauii Texnosorii D2D y komipKoBi

MepexXi LIISIXOM PO3PO06JIEHHS] eHepreTUYHOI MOoieJli KOHBEpreHIlii Ta MeTo/1iB KOOPIMHOBAHOIO OOCIIYrOBYBaHHS,



110 AaJI0 3MOTY MiJIBUIIATYA €HEPreTUYHY Ta CIIEKTpajibHy e(EKTUBHICTb Y MEPEXi 32 PaXyHOK YCYHEHHS
inTepdepentii Mixk D2D fomeHamu. 3aIpOIIOHOBAHO HOBY MOJiesib GPaKTaJbHOTO IJIaHYBaHHS Ta IPOrHO3YBaHHS
napaMeTpiB 6araTopiBHEBOI reTepOreHHOI Mepeski MOOIJIBHOTO 3B's13Ky Ta po3p00JieHo Ha ii OCHOBI MeTOJ,

0aslaHCyBaHHSI HAaBAaHTAXEHHS y MEPEXi 1J14 MifBUIIEeHHS {i eHepreTu4HOoi €(PEKTUBHOCTI.

2. The thesis is devoted to solving an actual scientific task of developing models and algorithms for throughput
increasing in heterogeneous mobile networks with conditions of limited spectral resources and developing models
to design the multi-tier structure of heterogeneous network during network planning stage to support throughput
requirements while ensuring the minimal level of interference. Current stage and of development trends of mobile
networks towards fifth generation standards has been studied in details. Main limiting factors for heterogeneous
mobile networks deployment have been determined such as interference, handover complexity, necessity of
centralized radioresources management, backhaul complexity and absence of existing models for structure-
functional synthesis of multi-tier cellular infrastructure. Existing technical solutions for 5G heterogeneous
networks have been classified such as network densification, spectral aggregation, coordinated multi-point, D2D,
utilization of millimeter waves, multi-antenna systems, software defined radio access networks, etc. The model of
heterogeneous network convergence, which takes into account the interference between co-channel D2D
domains to support necessary signal-to-interference plus noise ratio and to increase the spectral efficiency of
heterogeneous network. Using the multi-hop routes for D2D domains based on the proposed model of air
interfaces convergence allows to decrease number of requests to base station that additionally increase the
spectral efficiency by 4% due to less signaling data. Based on the proposed model the method of content
replication was developed that allows to increase the throughput utilization efficiency by 7%. The task of
interference avoidance between D2D domains has been solved by introducing the developed coordinated multi-
point method with joint transmission between cells and D2D domains. Based on this method an algorithm was
developed and simulations have been conducted, that allows to increase the spectral efficiency by 83% and 29%
for cells and D2D domains respectively. The task of multi-tier heterogeneous network design has been solved by
introducing fractal geometry model of cellular infrastructure. Developed model allows resource planning by
calculations of scale-invariant geometric pattern. Based on the proposed model, the method of centralized
dynamic reconfiguration of multi-tier cellular infrastructure that allows to improve process of spectral resources
management and increase the spectral and energy efficiency of heterogeneous network.
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