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Abstract — this work presents a comprehensive approach to optimizing
resource allocation in mobile communication systems through adaptive spatial-
temporal signal processing techniques. An SDR-based platform was implemented
using LimeSDR and the srsRAN software suite, integrating harmonic analysis and
predictive load modeling. Experimental results demonstrate significant
improvements in spectral efficiency, a 30% reduction in computational load, and a
20% enhancement in energy efficiency. The proposed methodology provides high
adaptability to variable traffic conditions, making it a promising solution for next-
generation LTE and beyond mobile networks.

Cy4acHi cucteMu MOOUTBHOTO 3B’ 3Ky CTUKAIOTHCS 3 YUCIICHHUMH BUKJIMKAMU,
cepell IKMX 00OMEXEHICTh pajJllo4acTOTHUX PECypCiB, 3pOCTaHHS 00CSATIB TpadiKy Ta
BHUCOKI BUMOTH JIO SIKOCT1 OOCTYyroByBaHHS. AKTYyaJIbHICTh IOCIIIPKEHHS 3yMOBJICHA
HEOOX1THICTIO BIPOBAI)KCHHS 1HHOBAIIIMHUX METOIB ONTHMI3allii BUKOPHUCTAHHS
JaCTOTHO-YAaCOBUX PECYpCIB JUIsl 3a0€3MEUYeHHS] MaKCUMaJIbHOI TPOTYyKTUBHOCTI
Mepex. Y MaHiii JOMOBiJl MPOMOHYETHhCS KOMIUIEKCHUHN MiAX1J 0 aJalTUBHOTO
YOpaBJiHHS pecypcaMM Ha OCHOBI MPOCTOPOBO-YACOBOI OOpPOOKM CHUTHATIB 3
BUKOpUCTaHHAM TexHoJorii Software Defined Radio (SDR).

Y poboti po3riisHyTO MOAu(iKOBaHY MOJEIb TapMOHIYHOTO aHami3y, sKa
JI03BOJISIE BpaXyBaTH MYJIbTU(PAKTAIbHY MIPUPOY TEIEKOMYHIKAIIHHOTO TpadiKy.
3anpornoHOBaHO aJanNTUBHUI ajJrOpUTM, 3aCHOBAaHUW Ha METOJl HANMEHIINX
KBa/IpaTiB 3 €KCIIOHEHI1aJJbHUM 3a0yBaHHAM, IKUM 3a0e3Meuye ONnepaTUBHY OLIHKY
napameTpiB MOJIEN Ta iX KOPUTYBaHHS BIAMOBITHO J0 3MiH HaBaHTaXeHHs. Takuit
M1X11 103BOJIsIE€ €(hEKTUBHO PO3MOIUIATH PaliodYaCTOTHUN PECYPC, 3HIDKYIOUN MTPU
IOMY 00UHCITIOBaIbHE HaBaHTakeHHsT SDR-mutardopmu.

ExcrniepuMeHTanbHa TmiepeBipka 3MiMcHIOBaizach Ha 06a3zi LimeSDR i3
BUKOPUCTAHHSAM MPOTpaMHOTO 3a0e3neueHHs SrSRAN, 1110 103BOHIIO pO3TOPHYTH
tectoBuit LTE maket. Pe3ynbraTti MOCHIIKeHh TTOKA3aJId MOYKIIUBICTD TOCSATHEHHS
MpOIyCcKHOI 37aTHOCTI A0 30-32 MOiT/c npu ontumizoBaHiid koHpirypanii. Kpim
TOT0, EKCIIEPUMEHTH BUSIBUJIN 3HUKEHHS O0UMCITIOBAILHOTO HaBaHTakeHHs Ha 30%
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Ta MOKPaIIEeHHS CHePreTHIHOI epekTuBHOCTI Ha 20%, 0 € BATOMUMHY TTOKA3HIUKAMU
JUTS. BIIPOBA/KEHHS Yy IPAKTUYHUX YMOBAX.

Po3pobnenunii MeTos 3a0e3nedye BUCOKY aIanTHBHICTh CUCTEMHU JO 3MIHHHX
YMOB €KCIUTyaTallii, o 0COOJMBO Ba)JIUBO I CYYaCHUX MOOLTBHUX MEpEK, /1€
xapaktep Tpadiky MOXXE CYTT€BO 3MIHIOBATHCS B PEXKUMI pPEaTbHOrO 4Yacy.
OTpuMaHi pe3ynbTaTu MatOTh IPAKTUYHE 3HAUEHHS, OCKUJIBKH J03BOJISIOTh HE JIUIIE
M1JBUIIUTH €(EKTUBHICTh BUKOPUCTAHHS YaCTOTHO-YaCOBHUX PECYPCIB, & i 3HU3UTHU
BUTPATHU Ha EKCIUTyaTallito Ta 00CIyroByBaHHS MEPEXKI.

3anpornoHOBaHUM KOMILIEKC METOIB CIIPSIMOBAHMI Ha 3a0€311€YEHHs] BUCOKOT
SKOCT1 00CIyrOBYBaHHSI KOPUCTYBAYiB MPU JUHAMIYHOMY II€PEPO3IOILIl PECypciB,
0 € KJIIOYOBOK BUMOTOKO JUISl CY4aCHHX CHCTEM MOOUIBHOro 3B’s13Ky. OTxke,
1HTerpais aJanTUBHOI MPOCTOPOBO-4aCOBOi OOPOOKM cUrHaiiB y TexHojorii SDR
BIJIKpUBA€E HOBI MepcHeKTUBH s ontumizauii podotu LTE Mepex ta Moxe OyTu
YCHIIIHO 3aCTOCOBaHa P MEPEXO0/Il 10 CTAHIAPTIB HACTYITHUX MMOKOIIHb.

VY cywyacHMX yMOBax CTPIMKOTO 3pOCTaHHS MOOUIBHOrO Tpadiky Ta
MIJBUIICHHS BUMOT JIO SIKOCTI MOCIYTr MOOUIBHOTO 3B’SI3KY, TPAAUIIMHI METOIU
PO3MOTY YaCTOTHO-YACOBUX PECYPCIB BUSABIAIOTHCS HEJOCTATHHO €()EKTUBHUMHU.
Buxopucranns TexHozorii SDR 103Bosisi€ CTBOPIOBAaTH THYUYKI TPOTrpaMHO-anapaTHi
KOMILJIEKCH, 3/JaTH1 aJJaliTyBaTUCS JI0 3MIH Y HABaHTAKEHHI Ta ONITUMI3yBaTH POOOTY
MepeKi. 3arporoHOBaHa METOJ0JIOTIS aJalTHUBHOI IPOCTOPOBO-YAaCOBOi 0OpPOOKHU
CUTHAJIIB € aKTyallbHOIO I omtumizaiii pobotu LTE mepex, OCKUIbKM BOHA
BPaxXOBYE SIK MEPIOANYHI, TaK 1 BUMAJKOBI 3MIHH XapaKTEPUCTUK TpadiKy.

Po3poOka MeToJliB amanTUBHOTO yIpaBiiHHS Oa3yBanacs Ha Moaudikarii
KJIACHYHOTO TapMOHIYHOro anamizy. Jlo Mozem Oylo A0JaHO MapaMeTpu
aMIUTITYqHOT Ta (a3oBoi MOZIYJALII KOXXKHOI TapMOHIYHOI KOMIIOHEHTH, IO
JIO3BOJIMJIO  BpaxyBaTH MYJbTU(pPAKTAIbHY MPUPOIY TEJIEKOMYHIKAIIHHOTO
Tpadiky. J{is onepaTUBHOI OLIHKK MapaMeTpiB MO/l BUKOPUCTAHO alrOpPUTM Ha
OCHOBI METOJly HaWMEHILIMX KBaJpaTiB 3 EKCHOHEHILIAJIbHUM 3a0yBaHHSM, IO
3a0e3reuye ajanTalliio A0 3MiH Y pEKUMI pPealbHOTO Yacy.

Posmogin  pecypciB  ¢dopmymioeTbes K OaraToKpurepiajdbHa — 3ajada
HEJIIHIMHOTO MporpamMyBaHHs, ¢ 00’€KTOM ONTHUMI3alli € CyMapHa €(peKTUBHICTh
BUKOPUCTAHHS YaCTOTHO-YACOBUX OJIOKIB, EHEPIeTUYHI XapaKTEPUCTUKH CUCTEMHU
Ta 3a0e3MeyeHHs 33JaHOoro piBHA AKOCTI oOciayroByBaHHA. Lle no3Boiisie 3HalTH
KOMIIDOMICHE  DIIICHHS, SIK€ MIHIMI3yE BUTpPATH pPECYpCiB Ta 3HIXKYE
o0uucIIoBaNbHE HaBaHTaKeHHS Ha SDR-mmatgopmy.

JlJ1g excriepuMeHTaIbHOT EPEeBIPKH 3aPOIOHOBAHOTO METO1Y OyJI0O CTBOPEHO
tecroBuii LTE wmaker Ha 06a31 LimeSDR i3 BHKOpHUCTaHHSIM IIPOrpaMHOIO
3a0e3nedeHHs srsSRAN. TecTyBaHHS MPOBOJIMIIOCS B PI3HUX PEXHUMaxX poOOTH, 110
JTI03BOJIMIIO BU3HAUUTU ONTUMAIbHI MapaMeTpy KOHpIryparii:
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- bazoBa kouiryparis: 3abe3nedyBaia MPOMYCKHY 3JaTHICTh OJM3bKO 3
Mobit/c.

- [Tokpamena kougiryparis: gocsrana 10—12 Mo6iT/c 3a paxyHOK 301JIbIIICHHS
KUTBKOCTI (h13UYHUX PECYPCHHUX OJIOKIB.

- OnTuMmizoBaHa KOH(DITyparis: 103BOJIsIa OTPUMATH MPOIYCKHY 3/IaTHICTH /10
30-32 Mo6it/c npu BukopuctanHi 50 pecypcHUX OJIOKIB Ta 4aCTOTI JUCKpETHU3allil
15.36 MI'11.

Pe3ynbpTaTi €KCriepuMEHTIB MPOAEMOHCTPYBAIH 3HUKEHHS! 00UHCIIOBAILHOTO
HaBaHTakeHHA Ha 30% Ta mokpalieHHs eHepreTuyHoi epexktuBHoCcTI HA 20%, 110
CBITYUTH PO BUCOKUH MOTEHIIIAJ 3aMPONOHOBAHOIO MiIXOAY B YMOBaX peajbHOTO
eKCIUTyaTaliifHoro HaBaHTaxeHHs. Jlo Toro 3k, cucreMa BHSIBUJIA BHUCOKY
CTaOUIbHICT pPOOOTHM TPH JOBIOTPUBAIMX TECTYBAHHAX, IO € BaXIWBHUM
NMOKAa3HUKOM  JIJIi  BOPOBA/PKEHHS B NPAKTUYHI  MOOUIBHI ~ MEpEexKI.

OtpumaHi pe3ynbTaTH AO03BOJIIOTH 3pPOOUTH BHCHOBOK PO €(QEKTHBHICTH
BUKOPHUCTaHHSA aIallTUBHOI IPOCTOPOBO-YACOBOI 0OPOOKH CUTHAJIB 1JIs1 ONITUMI3AL|
pobotun SDR-6a3oBanux LTE wMepex. 3anponoHOBaHUA KOMILUIEKC METO/IIB
3a0e3reuye MmiABUILIECHHS MPOYKTUBHOCTI CUCTEMHU, 3MEHIIIEHHSI 00YUCITIOBAILHOTO
HAaBAaHTA)XCHHA Ta TIOKPAIEHHS EHEPreTUYHHUX XapaKTePUCTHK, M0 CIPHUSE
MIJBUIIEHHIO SKOCTI OOCIYroBYBaHHS KOpUCTyBaduiB. Po3polOieHuil migxia mae
NEPCIEKTUBHU Ul TMOJANbIIOl IHTErpaunii B TEXHOJOTIT HACTYHHOTO IMOKOJIHHS
MOO1JIBLHOTO 3B’ SI3KY.
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