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BLPXY JHCEPTAHOHEH TPYA 32 MOayls W@‘iﬁ}aharemam # HayuHa ctened “nokrop”
00 Hay4Ha coetnantoct: " Komynn pexu u cucremu "

B IPOIeCHONATHO Hanpasnenne: 5.3 Komyuuxanmonna u KOMIIOTLPHE TEXHNKA

ABTOD HA THCEPTAHONKHS TPYA: MAT, Mk, I’ coprmoc Kyomisnane
Tema na nucepranmonsns Tpya: Mogodpssane kavecTBoTO Ha BL3OPUSATHE B Deymnaun
MPERH 0T CACABAIIO MOKD/ICHNE YPE3 MAUTIHEO obyuenue

Wsrorsun: gon. a-p wax. Arara Manososa, ®axyirer no Tenexomyunxamm,
Texmmyeckn Yausepenrer-Codus

1. Axtyaanocr ua paszpaborsanns npod.em

CoBpeMeHHITe KOMYHHKAIHONHA | HWHGOPMAIHOHNN TeXHOTOIrHN APaMaTHYHO TIPOMEHNXA
HAYHHA, (0 KOHTO Xopara ofmysar HOMEKAY CH M coojensT uudopMmamms. Tedw
MOCTHIKCHHA CBIIO HANPABUXA BBIMOKHH MPOMEHHTE BLB BCCKH CHEKT OT RCAHSBHETO,
BIIHOUHTENHO Nasapysane, o0paszoBanme. passicucHnd, TpaHcnopt W OGmanec. [Hetoto
nokosenne (5G) mobunun Texuonsoruy TOIBOABAT [PEHOC HA JAHHW C MSKIMOYMHTENHO
BHCOKH CKOPOCTH, CBELP3BaT romsm Gpoli ycrpodictsa u OCHTYPARAT M3KIIOYHTEIHO HHCKA
JIATCHTHOCT, KAKTO M n006pa eHepruiina cdektumuoct. Team csoiicTea Ha 3G renepupar
BBIMOKHOCTH 38 MHOBAIMH, KAKTO W HORH nasapy. buienmre Gesmuunnre Mpesin me
TpadBa na OCHTYpST MOLNPLAKA 33 HENPEKLCHATO MPOMEHAMIHTE ce H pasHooOpainn
H3HCKBAHHA 32 CBLP3BAHE HA HOBHTE BEPTHKAMIH HEAYCTPHH. Te3n WHAYCTPHA BKmOYBAT
obnacTHTe Ha uMppoBHTe MemEH W PA3BJCUCHHATA, 3/PABEONA3BAHETO, ITPOMIROCTROTO,
aBTOMOOHIIOCTPORHETO, EHEPreTHKATA, HHTEpHET Ha memara (IoT), oxonmata cpema w
ofmecTBenara GesonacHocT. lopamn passooGpaznara w obmmpEa ramMa or ycayrm u
YCTPOHCTBA e HeoOXo1MnMO Jia ce TPOCKTHPAT MODHIHH MPEXH, KOWTO €A €IHOBPEMCHHO
aRanTHRHH # Mawabupyesi. Tesn Mpexn TpsOsa 1a Morar 713 H3THIHABAT MHOroGpoiianTe
CTAHIApTH 33 KayectBo ma yeayrata (QoS), 3a na FapaHTHPaT, H9¢ Ka39eCTBOTC Ha
npexuBaBane (QoE) e amexsarno. Hayunara ofnact ma NPCACTABCHHS 33 pELCHINS
JUHCCPTAIONCH TPYA Ha mar. uik. KylomTanauc, Ges CBMHCHEE, € H3KIOYHTE/IHO aKTYanHa
H € CBLP3IAHA ¢ H3CACABAHETO B pa3paboTBANETO Ha e 13 NPEAIOKH LIANOCTHA METOAONOTHS
3a monoOpssane Ha QoFE B Guaenmre Gesmmunn MDPEXH Ype3 HHTErPHPaHe Ha H3KYCTBEH
HHTEACKT (Al) B MpexoBHTE onepanny 3a ONTHMH3HPAHE HA TAXHATA IPOHIBOAHTENHOCT,

Temara na ancepraunonnus TPYA UPAKO Kacae paspaloTRAHETO HA UAJOCTEH MOAXO]
33 HoZ0DpsIBAHE HA KAYECTBOTO HA npexussBane (QoFE) B 6uacmmre Hesmuunn Mpe&EN
Ipe3 MHTErpHPAHE HA HIKYCTBEH WHTEICKT (Al) B mpexonure onepammm, 3a aa ce
YBEIHYH MARCHMAIHO eexTHBHOCTTZ HA Teln Mpexn. 3a ja ce npHCcmocofuT KhM
HHPOK CHEKTRD OT Cy4an Ha ynoTpeda, KOMTO UMAT PAsTHIIN HYEIN 0T Ka4ecTBO Ha
YCIVIATa [0 OTHOWCHHE HA HeCTOTHA JeHTA, JNTEHTHOCT, 3aryba ma makern u
Tpentene, Saupannte na Al mpexonu onepanny uie 0131 BRAWYeHH B Open RAN
apxurexTypara. B amceprammonnmst tpya ca OPETOKREHH AATOPUTMH 33 MAUIHHIO
obyuenie, OCHIypsBamm ABTOMATIINPAHO NPOrHOZUPAHE HAa MPEKOBUH Tpaduk
ONTHMATHO PA3NIPEIC/icHNe HA PECYPCHTE “pe3 INNOIIBaHe Ha METOAOTGITN 12
HApAIBAHE HA MPEKATA.

2. To3suasane HA CLOTONHMETO WA npobiaemMa u TBOpHecka HHTEpHpeTaAUNS Ha
AWTEPATYPHHA MaTepHa




Huceprammonuus TPyA MOKa3Ba, Ye JOKTOPAaHTHLT 103HABa no0pe OCHOBHTE mHa
HHTEpAHCUMNTHNApHA MeTpuka QoF, xakto m H3nomBaHeTo Ha ML amropurvm u
iHoBatHBHaTa Open RAN dPXHTCKTYPa 33 HCHHATA ONTHMHZAIE B MYITHMEINHHA
KOMYHHKAlHOHHHA Cpenm. Jluteparypaust 0630p o6xsama 440 H3TOYHHIH, KHHTH, HAYYHA
NyOAHKAIMN, HHTEpPHET caiiToke OT 2006 oo 2023 T,

Caen nanpasen oGeroen anams ua HAl-aKTyaTHHTe KOMYRHKAHOHHN TEXHOMOIHH,
cebp3ann ¢ QoE, B kpas ®a Inama 1. JIOKTOPaHTET 0DOCHOBRAaRA dopmympasero na
OCHOBHHTE 3a/18%H Ha JAHCEPTAUHONNHY TPy

O Amaamsz ma HAT-CLBPEMCHHNTE moaxoan 3a nurerpupane na QoE
HHPOpMEpaHOCT B Gevanunn u MODILTHE Mpexm,

U OcurypsBawe ma usaocren AHATNZ  Ha  yopasaenmero ma QoE g
My THMEANINNTe KoMynukaunn @ 3a1b1004¢H0 M3CTeABAHE A crennduunnTe
ACHeRTH 3a omenka ma QoE 3a NPHIOKCHNA 33 BHPTYAAHA pea’iHoer § BILLEO
CTPHIIMHHT HA HIpPH,

U 3aneaboueno msywasame na METOROJOTUNTE 33 MAWNHHO obywenne
ROHTERCTA Ha De3mUMNITe KOMYHITRAHOMIN Mpes,

4 Mpeaocrapane va usiocren Mperaen Ha uaii-cespemennnre QoE monenn 3a
Opornoznpane, Gasupanu mua Mamuano o0yuenmne, 3a BiIeo Crpmiivunr, pasmmpena
PEATHOCT It IPHACAKEHNS 33 BIACO HIPHL,

2 Ilpoyusane n pazpaborsane Ha Genmmuny ROMYHUEAUHOHAN  Mpexn,
cbobpazenn ¢ QoE, dazupann ua TexmoorusTa Open RAN,

U PaspaGoTsane na mozen 3a fiporaoinpane ua QoE 3a Genkuann npiiosenus
3 BUpTyaana peaamoct B Open RAN, mnomsaiicn CHRKOICp-1€K01ep ¢ awara
Kparkocposuna namer (LSTM),

O PaspaGoreane na moaexn 3a npornosupane na QoE 3a crpmiivmnr ua sueo
Hrpi 8 Open RAN, winonssaitkn ROHBOIOUHOHNA HeBponHa Mpexa (CNN),

U PaspaGorsane na mozen 3a Tiporaosupaune "a rpadusa gva Modwana MpexRa,
HINO0JEBAW TpatedopmaTop ua Temnopasen cunres (TFT),

U PaspaGorsane na smoues 3a paslipeacienne Ha pecypenTe 3a nogoGpssane ua
QoE ma romymmkaummre BLp BHPTYAIHA DPEAAHOCT, IBHO.3BANKE 3axba009e110
0Dy4eHNE ¢ HoACHIBaHe,

U Paspaboreane ua mozes 3a Haps3Bane Ha Mpexa 3a nogobpasane na QoF na
MyaTameaniing Komyunkannn B Open RAN.

Perapanero ©a Taka TPCACTABCHHTE 334a4¥ HA AMCEPTANHOHNHS TPYA e
APEACTABERO B creasaluTe 9 riasm,

3. Cvoreercraue na H30paHaTa METOAMKN HA HICACTBANE ¢ HOCTABENATA e U lagati
HIl ANCEPTAMHOBHMS TPy

B rnasa | wa auceprammonnmsg TPYA ¢4 ne(pMHHPAHH OCHOBHHTE 38149H, KOHTO e
VSCIEABAT H PEINABAT B ceaBamKTe r1aBn. Paspadotenn n IPE/ICTABCHH B AHCEPTANHOHHNA
TPYA ca
-Mozes sa niporsosupane ua QokE 3a Geawuunn VR npanoxenns 8 Open RAN,

-Mozen 3a nporsosnpane ua QoE 1a crpuitvunr Ha suaeo urpa 8 Open RAN.

-Mozen 3a nporsosupane na Tpadika B MOGHIHATA Mpexa ¢ nomonrra na TFT apXHTEeKTypa.
-Mozen 3a pasnpenesenne na pecypcl, Gasmpan na DRL, 3a nogobpsasane va QoE ma
OesuuynnTe VR KOMYHURAIHH,

-Mozen 3a wapsssane na Mpexara, npeanashaued ga noaoSpn QoE ma MysrraMemmiisn
KoMyHuKauni 8 Open RAN,



B xpas ma I'nasa 1 my3 OCHOBA 1A Hanpasenus 063op, aBTOPBLT CH 10CTABA HAKOIKO
HEnH # 381390 34 HIMLJIHEHHE, HA KOWTO ce AaBa OTIOBOP B CICABAIINTE IIABH.

B I'aasa 2 pasrnemna YOpasacHHeTo Ha QoE B mymmameaniinute KOMYHHKAUHH,
Kato ce u3ciaeNBaT TpHTE etana Ha yiupasnesne ma QoE: 1) pas6upane u MOslenupane Ha
QoE; 2) mouuTOpHHT # onenxa Ha QokE; 1 3) afanTHpake i xoutpomnpate #a QoE, B tan
Hasa ce mpasy kiacHOHEKAmMs § anaIMs Ha nokasaremute 3a QoF mo omHomenne na
CYOCKTHBHA M OOEKTHBHA OlCHKZ Ha QOE, anamus na merosonorimTe 3a oucHka Ha QoE

TeXHHTE BIHACIH dakTopy,

B I'nasa 3 mokropantst ommcaa PCICBAHTHHTE NO/AXOAM 33 MAWIHHEO 0GyueHne B
OCIKHIHH KOMYHHKAUMOHHE MPCRH KaTO AHATHINPA HA NPHHUANA HA pabora Ha Haii-
SHaUHMHTE 4ArOpHTMH otHocko SL, UL, RL w ANN, cBBp3aHR ¢ npeackassane u
omThmMm3ipae Ha QoE 8  mymrramemniing KomyHinkannd. Tlpasu ce awamm wma
HnTerpapanero na ML anroparvm s Yupasacnuero Ha QoE 3a mosumanane Ha TounocTra Ha
poLEca HA MOJenHpane, noxeOpaBane Ha SPERTHBHOCTTA Ha mponeca Ha MOHHTODHHT H
paspaboTeane HAa HHOBATHBHY METOZOTOTHY 38 ONTHME3ALKA # KOHTPOI, KAKTO 1 aAHATHS Ha

upornosupase ua QoE.

I'masa 4 npencrannana NPEricA Ha Bal-ChBpeMEHNHTE MOJCTH 3a NPOrHo3InNpate Ha
QoE 3a mymrramemniinn KOMyHHKaumiH. B pezysrar na Npoy4BaneTo ce paspaGorsa
KIacudHKalNA HA MOjenmnTe sa NPOTHO3HPaHE 110 OTHOINEHHE Ha BHIEO CTPHITMHEHT,
PAIUIBEPCHA PEATHOCT B NPHIIOKEHHS 38 BHICO urpu. Bs3 ocHosa na knacudErammusTa ce

B 'nasa 5 ce Pa3paboTsatr OTBOpeHN Mpek 3a PAIHOOCTEN ¢ oTynTaHe Ha QoF, B3
OCHOBA Ha 3a1BN00YeH aHanTN: Ha apxuTexTypara Ha O-RAN u nejinnre ocHoBHM rpaanBEHH
enesmenTy. [Ipeanarar ce QoE-aware Gesarans MpexH, GasHpaHl Ha TexHomor#aTa O-RAN
H CC NpaBH aHaNN3 Ha METOAONOTHATA 2a Brpaznane na AI/ML-6asupanu onmuMmiamonsy
mozemn 8 O-RAN apxurextypara. B rjasara ce Pa3paborsa MpaKTHYECKO PHEKOBOICTRO 38
BHE/IpABAHE Ha XApps.

I'nana 6 Tpetnpa QoE TIPOTHO3UPAHE 32 NPHNOKCHAS 32 BHPTYaima peamtoct 8 Open
RAN. B tasu rnasa ce NPCUIOra HOB 00CKTHBEH MOae 3a nnporuosupase Ha QoE 3a VR 360)-
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NOTBLPANABAT EKCHEPHMEHTATHO Ype: TNPHIOAHOCTTA HA CHKOZACp-aekoaepa LSTM 2a
TIPHAGKEHIA 33 NPOTrHO3MpPaKe B PearHD BpeMe,

Inasa 7 omacsa hiporaosupaneTo Ha QoE 3a suneo CTPHIMMHT Ha Hrpi 8 Open RAN,
B Ta3n raaga, AOKTODAHTLT NPEACTAB ISUIOCTEH aHAMHI Ha axropure, smHzemm BEPXY
QoE, cabpzanu ¢ ROMYHHKAUHOHHMA KaHAM, 32 NPUNOKenuy 3a BHIACO CTPHIIMHMHI HA HIpH,
Mpunara ce momema 3a NpOrHO3HPAHE BBPXY TecToRaA mmardopMa Open RAN n

MOJSIR 33 1BADOKO oOfyuenne, BRIRORHTEMHO CNN, mtorokanazen CNN, TCN, LSTM,
ResCNN-LSTM, RNN & GRU. Excnepumentamno NOTBEPKACHA € NPHIOAHOCTTA Ha

C NPEAH3BHKATEACTBATA Ha NMPOTHO3APAHETO Ha tpaduka B MOGHIRATA mpexa, Ilpasu ce
CPABHHTENHA OLEHKA Ha edieKTHBHOCTTA . TOYMHOCTTA HE NPCATOKEHHN Mojen 3a

TIPOTHO3APAHE COPAMO Hail-ChBpemMenHuTe TOKA3ATENIM OT KAaTerOPHUTE CTATHCTHYECKH
SHATH3, MALHHHO 08yveHne # DNN.

lnasa 10 Tperupa Cpassaie wa Mpexara 2a nozgoSpasate na QoE karo ce npeanara
BHPTY@THINPAHA, OTBOPCHA W HHTEIHIeHTHA MPEXOBa apxuTeKTypa, Gatupana ma Open

TEXHONOTHA 338 MyIATHMEIHIHK KOMyHHKau#oHHH ycnyrm. Hssspmeno e
CKCHCPHMCHTAIHO NOTBEPKACHHE Ha edekTHBHOTO H3nON3Bane Ha MDEXKOBHTE pecypeH ¢
UPHIGIRHETO HA MPEKOB Cpes. Mpernenann ca kpatiyHETe KPl 33 nocrurane ma
DHCOKOKAYCCTBEHH MYNTHMEANIHE KOMYHHKAUMK § o TIPE/ICTABEH MATBK TECTOB CTEHI,
Bazupan na 4G/3G Open RAN APXHTCKTYPH M PAasiH9Hu ONUNH 3a pasgensne. B raapara e
TIPE/UIONCH MOZICT HA pa3/ieisHe HA Mpekara 3a ONTHMH3HPAHE HA MPOM3BOAMTEIHOCTTA Ha
Mpexara # nonodpssane Ha QoF na MYJITHMEHHRH KOMYHHKALIHH,

3akmoueniero obobmana HANIPAaBeHUTE W3BOAM M oueprana GLICUINTE HacoKH 3a
pabota.

5. Hayynn w/nan HAVIHONPUAOAHE HPIHOCH HA AHCEPTAUMOHHES TPYA
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WHTEPINCITUIHEAPHA MeTpuka QoF xato Mpe/UIara NANOCTHA METOAGNOTHS, OpHEHTHpPaHA
KBM NPHJIOKEHHETO, 33 noxoOpaBane na QoE, Gasupana na u3nonisamero ma ML amroprrvu
# nHoBaTHBHATAE Open RAN apXHTEKTYpa,

OcxoBsruTe npuROCH Ha AMCEPTAUMATE MOTAT Ja ce 0606mAT no CACTHNS HAYHNA;

A) Hayaun npanocn

- 3axeaboues npernen pa oncHkata Ha QoE Ha mymrumemritna yeayra, ¢u¢ cnelmanes

cToifHocTHTe Ha QOE,
- Knachdmrkauus w anamms ua pazimsni ML texmmkm u anropurm, CBLp3aHi ¢

CTPHAMMHT, PastI¥peHa peamHoOCT | NPHIOKCHHA 33 BUACOHTPH.

bB) Hayunonpunomunre TIPHHOCH

-Paspaforen mozen 3a nporaosupane Ha QoE 3a Senxmanr VR npunoxenus 8 Open RAN,
[Ipensara ce woB Mozen LSTM na CHKOJICP-ZeKONEp, IPEAHAIHAYEH 1A NPSICKAXKE TOYHO
crofiocTate Ha QoE 3a VR 360-rpasycon Bizeo cTpuriiMuaT npes Open RAN.

-Paspaboren mozen 3a porHoskpaie #a QoE 3a crpuiimisr #a nugeo urpu 8 Open RAN.
Mpesasnara ce nos Moznet Ha CNN ¢ muoxecTro F1aBy, NPHTONEH 7a NPEACKake cTONHOCTH
#a QoF 3a npunoxkenns 2a CIPHIMHHT Ha BIJICO HIDH IIpe3 Open RAN,

-Paspaboren monen 3a pastipencienne Ha pecypen, Gasepan ma DRL, 3a noxoGpasane na
QoE ua Geywuummure VR KoMyHuKkaumi. [lpeamara ce woB nomxon 3a JHHEAMHYHO
PA3NIPeC/INHE Ha MPEXOBH PECYPCH B3 OCHOBA Ha QoE onrmmusanms,

-PaspaGoren mozen 3a HapA3BAHE HA MpeXara, NpeIHA3HAYCH 1a noxodpu QoE wa
MYITHMEIHHHH KOMYHHKanu® B Open RAN, Mpeanara ce xos MOAX0A 33 Hapg3BaHe Ha
MpeXaTd 33 OnTHMH3Mpane Ha QoF 9Pe3 pasnpejiendHe Ha PECYPCH 3@ MyTrHMemitnn
KOMYHHKAIHH,

B) NMpunoen npunocn:

-Pazpaborennre Mozenn ca NPOTPAMHPAHN H TeCTBaHH B eKCHePHMEHTAHA cpena u a
OTACIHHTC [71aBH Ca NPEACTABEHH Pe3yITaTi oT CKCTICPHMCEHTHTE, JIOKA3BAIMM TAXHATA
eeKTHBHOCT.

6. Onenxa 3a cremenTa ua auunoTO YHACTHE HA IHCEPTANTA B UPHHOCHTE
[penocrasenssT mu 33 PEUCHINA ZHCEPTaUHORen Tpya GecnopHo ChABpAKA HAayyHH,



7. Mpenenra na nydamkanmure 0 AMCEPTAUNOHNNA TPy

[lo amcepraumsra wnama HAlPABSHW  CAMOCTOATE/HH  MyOAHKAMMN. Hanpasesnre 8
nyOaRKann no AUCEPTAUHORHHA TPYA Ca B Nepstoma 2021 - 2024 .- 5 CTATHR B CTIMCauus ¢
SIR muzexe w/amm Impact Factor, kato TEEE Access e ¢ IF 2022 : 3.9, a IEEE Open Journal
of the Communications Society e ¢ IF 2023 : 7.9: 3 CTaTHH ca B cOOpPHMUH aoKnazm,
UPC/ICTABEHE Ha MeXAYHaponHH Hay4uHH kondepesiny.  Bowukn nyOonnkauan ca
HRACRCHpanH B Gasara Scopus n Web of Science. Mocouennte Tpyaose mo Gpoii 1 MucTO Ha
nyGIHKyBaHe MOKpHBAT Hammio H3HCKBAHHATA 32 npraobusane na OHC »AOKTOp™.

8. Hanesssane na PEIYATATHTE OT AucepTamusTa 8 HAYUHATA B CONMATHATA NPAKTHKA
Hama

9. Muenns, npenopuicn u Genemicu

AuceprantsT € mocrHrHan o HHTEPECHH HAYYHO-NPUICKHH H NPHIOKHEN pesynarary,
Ovesmmno e romsmoro moze 3a TAXHOTO TPAKTHYECKO TIPHIOKEHHE BhB BCEKIHIHCHHMHS
#uBoT. [lucepranmonuust Tpya Ha mar, umx. [eopruoc Kyrommanaue nonara
OCHOBMTC Ha M3CNEejBaHe Ha MHTCPANCHHIUTHRAPHA MeTpiKa QoE kato mpeanara msmocria
METO0A0THS, OPHEHTHpaRa KbM NPHIOKCHHETO, 32 mozodpssane Ha QoE, Gajupana na
noaseanero Ha ML amopurmm ® mmHoBaTHRHaTa Open RAN apxurextypa. Upez
HINOI3BAHE HA BLIMOKHOCTHTE Ha ML Texumxute u BL3NON3BaHE OT TLBKaBOCTTA M
MAAOHPYEMOCTTA, OCHIYPEHH OT Open RAN, e paspaboresa xommcTiuma pamka 3a
ONTHMHIAUNS, KOSTO AAPECHDPA MHOTOCTPAHHATA JMHAMHKA Ha yrpasaes#ero #a QoE =
MYATHME/IHHNNE KOMYHRKaIBOHEN cpean.

[IPHIOKHH B 3aKMOYNTENHATA YacT OT JHCEPTAlHATE, 34 71a C¢ VYACCHH YHTaTe/ls.
lIpenoprkara kuM Mar, misk, Kyrouranmme e na npoxsmxu ¢ padorara cH B Ta3n HHTEpecHa
H M3IMLJIHCHA C IPe/TIBHKATENCTE 06.1acT.

10. 3axmogenne

Ancepraumsra na Feoprioc KyroMmnauc ce ormmaga ¢ peauia D0CToHHCTEA B
HAyQHO-TpHAOKeH mmaH, Kato oo ancepraumonmmsT TPYA H3JaBa MHOTO B8HCOKA
KOMIETEHTHOCT 110 NMOCTABEHATA TCMATHKA OTTOBaps Ha H3HCKBauuzTa Ha 3PACPE u ma
[pasununka wa TY-Copns 3a npunarasero My. B®3 ocHoBa Ha ropenocoucHuTe
AOCTOMHCTBA H MPHHOCH HA AHCEPTAHOHNMS TPYA, CINTAM, Y€ €3 JOCTATHYHO OCHOBAHKE 3a
npuckinane Ha OHC | Jloktop* mo uayumara CHEMHATHOCT , KOMyHHKAITHORHE MPEXH
CHcTeMH” ma Mar, mmxk. [ SOPrHOC Kyromranmue, 3aroma HupemaraM Ha
YBEKACMHTE 4ncHOBe Ha Hayunoto xypw na ce OPHCBCANHAT KBM MOSTA MOJOKHTENHA
OucHKa i Aa raacysar ¢, JIA",

23.04.2024 1, [Tommise:
/mow. a-p Arara Manonosa/



Review
on dissertation work for obtaining the educational and scientific degree "doctor” in science
major : "Communication Networks and Systems"
in professional filed: 5.3 Communication and computer technology

Author of the thesis: MSc, Eng, Georgios Kougioumtzidis
Title of the thesis: Machine learning for QoE enhancement in future wireless networks

Reviewer: assoc, prof. Agata Manolova, PhD, Faculty of Telecommunications,
Technical University of Sofia

L. Actuality of the problem investigated in the PhD thesis and tasks, developed in
the dissertation

they did possible the changes in every aspect of daily life , incl shopping , education.
entertainment, transport and business. The fifth generation (5G) mobile and technologies
enable data transfer with exceptional high speeds. connect big number of devices and provide
extremely low latency as well as good energy efficiency . These properties of 5G generate
opportunities for innovation as well as new markets . The future ones wireless networks will
must provide support for continuous changing and diverse requirements for connecting the
new vertical industries. These industries include the fields of digital media and entertainment
» healthcare , manufacturing , automotive , energy , Internet of Things ( loT ), environment
and public safety . Because of the diverse and extensive range of services and devices need to
be designed mobile networks which are at the same time adaptive and scalable. These
networks must be able to perform the many quality of service (QoS) standards to ensure that
the quality of experience (QoE) is adequate. The scientific one area of the dissertation
submitted for review of the mag. eng. Kouyumtzidis is, without a doubt. exceptional current
and is related to the research and development of is to offer a comprehensive methodology
for improving QoE in the future wireless networks by integrating artificial intelligence (Al)
in network operations to optimize their performance.

The topic of the dissertation directly concerns the development of a comprehensive
approach to improve the quality of experience (QoE) in the future wireless networks by
integrating artificial intelligence (AI) in network operations to increase maximum the
effectiveness of these networks, To accommodate a wide range of use cases that they
have different quality of service needs in terms of bandwidth, latency, packet loss and
jitter, Al - based network operations will be included in the Open RAN architecture.
They are in the dissertation proposed machine learning algorithms providing
automated network traffic prediction and optimal resource allocation using network
slicing methodologies.

2. Knowledge of the state of the problem and creative interpretation of literary material
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as well as the use of ML algorithms and the innovative Open RAN architecture for its
optimization in multimedia communication environments, The literature review covers 440
sources, books, scientific publications, internet sites from 2006 to 2023,

related to QoF, at the end of Chapter 1, the Ph.D justifies the formulation of the main tasks of
the dissertation:

U Analysis of state-of- the -art approaches for QoE integration awareness in
wireless and mobile networks.

O Provide comprehensive analysis of QoE management in  multimedia
communications and in-depth study of the specific aspects of QoE evaluation for virtual
applications reality and video game streaming ,

O In-depth studying machine learning methodologies in the context of wireless
communication networks,

= Providing a comprehensive review of the most modern QoE prediction models
based on machine learning for video streaming , extended reality and video game
applications .

L Wireless research and development QoE compliant communication networks
based on Open RAN technology ,

0 Development of a QoE prediction model for wireless applications for virtual
reality in Open RAN using long short term memory (LSTM) encoder -decoder .

O Development of a QoE prediction model for video game streaming in Open
RAN using convolutional neural network (CNN).

L Development of a forecasting model of mobile network traffic using a
temporal fusion transformer (TFT).

L Development of a resource allocation model to improve QoE of
communications in virtual reality using deep reinforcement learning .

L Development of a network slicing model to improve the QoE of multimedia
communications in Open RAN,

The solution of the thus presented tasks of the dissertation work is presented in the
next 9 chapters .

3. Correspondence of the chosen research methodology with the sct goal and tasks of the
dissertation work

In chapter 1 of the dissertation, the main tasks are defined, which are investigated and
solved in the following chapters. Developed and presented in the dissertation are:
- A QoE prediction model for wireless VR applications in Open RAN ,
- A QoE prediction model for video game streaming in Open RAN .
- Prediction mode! of mobile network traffic using TFT architecture.
= A DRL - based resource allocation model to improve the QoE of wireless VR
communications .
- Mesh slicing model designed to improve QoE of multimedia communications in Open

From the presented results and scientific publications it follows that the developed research
models based on the most current methods such as LSTM, CNN, TFT, DRL and Open RAN
» correspond 1o the set tasks of the dissertation work.

4. Brief analytical description of the nature and assessment of the credibility of the
material on which the contributions of the dissertation are based
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At the end of Chapter 1, based on the overview, the author sets several goals and tasks
for implementation, which are answered in the following chapters.

In Chapter 2 examines QoE management in multimedia communications , exploring
the three stages of QoE management ; |) understanding and modeling QoE ; 2) monitoring
and evaluation of QoE : and 3 ) adapting and controlling QoE . In this chapter it is done
classification -and analysis of QoE indicators in terms of subjective and objective Qok
assessment , analysis of QoE assessment methodologies the indicators , analysis of the QoS /
QoE mapping process and analysis of the specific aspects of QoE evaluation for VR and
video game applications and their analysis influencing factors .

In Chapter 3, the Ph.D describes the relevant machine leamning approaches in wireless
communication networks such as analyze on the principle of work of the most significant
algorithms on SL, UL , RL and ANN related to QoE prediction and optimization in
multimedia communications . An analysis of the integration of ML algorithms in QoE

process of effective QoE prediction models .

Chapter 4 represents review of state-of-the - art QoE prediction models for
multimedia communications . As a result of the study, it is developed classification of video
streaming prediction models , extended reality and video game applications . Based on the
classification is offered comprehensive benchmarking of prediction models for each
application category |, analyzing the difference between conventional video streaming
services and emerging advanced applications reality and video games . In this voice are
examined the variations in the factors which significantly influence on QoE , as well as the
evaluation metrics used according to the application type.

In Chapter 5 are elaborated open radio access networks with QoE consideration 3
based on an in-depth analysis of the O-RAN architecture and its basic constructive elements .
QoE-aware are available wireless networks based on O-RAN technology and an analysis of
the methodology for embedding AI/ML- based optimization models in the O-RAN
architecture . The chapter elaborates practical XApps Deployment Guide .

Chapter 6 treats QoE prediction for virtual applications reality in Open RAN, In this
chapter, a new objective is proposed QoE prediction mode! for VR 360- degree video
streaming applications based on encoder - decoder LSTM based on overall study of the
influencing factors on Network / Transmission related QoE for wireless VR applications .
The model is applied for forecasting on Open RAN testbed and confirmation of its ability to
determine quantitatively the effect of wireless network performance on the VR video QoE
value . A comparative evaluation of the proposed forecasting model is presented compared to
state- of-the- art DNN models belonging to to the RNN class | incl SimpleRNN |, LSTM,
autoencoder LSTM, bidirectional LSTM and GRU, the results are confirmed experimentally
through the suitability of the LSTM encoder ~decoder for real- time prediction applications
time ,

Chapter 7 describes the prediction of QoE for video game streaming in Open RAN. In
this chapter, the PhD student presents a comprehensive analysis of the influencing factors on
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Chapter 8 predicts mobile network traffic as experimentally confirmed the ability of
the transformer architecture to effectively address forecasting challenges of mobile network
traffic . A comparative evaluation of the effectiveness and accuracy of the proposed
forecasting model is made against state- of-the-art benchmarks in the statistical analysis,
machine Jearning and DNN categorics ,

In Chapter 9 a new resource allocation model is proposed which offers robust solution
to the challenges of QoE optimization in wireless networks. The PhD student does
comparative evaluation of the proposed resource allocation model relative to established
resource planning techniques , incl round robin, BCQI and proportional fair, The chapter
presents a novel spectrum ing optimization strategy to improve the QoE of VR
conferencing video streaming applications .

Chapter 10 treats Network slicing to improve QoE being offered virtualized | open
and intelligent network architecture based on Open RAN technology for multimedia

achieve high quality multimedia communications and is presented a small testbed based on
4G/5G Open RAN architectures and various splitting options. The chapter proposes a
network partitioning model to optimize network performance and improve multimedia QoE
communications.

The conclusion summarizes the conclusions drawn and outlines the future ones work
guidelines,
5. Scientific and/or applied scientific contributions of the dissertation work

The dissertation has a strong scientific applied character and contribution to interdisciplinary
QoE metrics research like offers comprehensive methodology oriented to application, to
improve QoE, based on the use of ML algorithms and the innovative Open RAN architecture.
The main contributions of the dissertation can be summarized as follows:

A) Scientific contributions

- Therough overview of the QoE evaluation of a multimedia service, with special emphasis
on applications for virtual reality and video game streaming. In this context it is defined QoE
for multimedia services and the three stages of QoE management are discussed.

- Classification and analysis of the most important quality indicators in terms of subjective
and objective assessment of QokE, as well as a study of methodologies for cvaluating their
work and mathematical models for correlating QoS parameters with the QoE values,

- Classification and analysis of different ML techniques and algorithms related to QoE
prediction and optimization in multimedia communications .

- Classification and Analysis of ML- Based QoE Prediction Models for Video Streaming ,
Extended reality and video game applications ,

B) Scientific and applied contributions
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- Developed a QoE prediction model for wireless VR applications in Open RAN. A new
encoder -decoder LSTM model designed to accurately predict QoE values for VR 360 video
streaming is proposed through Open RAN.

- Developed a QoE prediction model for video game streaming in Open RAN. A new multi-
head CNN model adapted to predict is proposed QoE values for video game streaming
applications through Open RAN.

- Developed prediction model of mobile network traffic using TFT architecture. A new
forecasting approach is proposed of mobile network traffic and Optimizing resource
allocation for improved QoE based on TFT.

- Developed a DRL - based resource allocation mode! to improve the QoE of wireless VR
communications, A new approach is proposed for dynamic network allocation resources
based on QoE optimization.

- Developed grid slicing model designed to improve QoE of multimedia communications in
Open RAN., A new network slicing approach is proposed to optimize QoE by allocating
multimedia resources communications.

C) Applied Contributions:

- The developed models are programmed and tested in an experimental environment and in
the individual heads are presented results of the experiments proving theirs efficiency .

6. Evaluation of the degree of personal participation of the dissertation student in the
contributions

The dissertation submitied to me for review undoubtedly contains scientific . scientific-
applied and applied contributions, as they are presented to scientific forums and in magazines
such as have received the necessary publicity and been reviewed by independent reviewers. A
total of 8 co-authored publications were made on the dissertation , as after reference in the
public ones bases data , some of them have already generated multiple citations as well,
which proves the applicability of the dissertation work and the appreciation of the

doctoral student's work.

7. Evaluation of publications on the dissertation work

No independent publications were made on the dissertation. The 8 dissertation publications
made are in the period 2021 - 2024: 5 Journal articles with SIR index and/or Impact Factor ,
such as TEEE Access e with IF 2022 : 3.9. and [EEE Open Journal of the Communications
Society e with IF 2023 : 7.9; 3 articles are in collections of reports presented at international
scientific conferences. All posts are indexed in the database Scopus and Web of Science . The
indicated works by number and place of publication fully cover the requirements for
acquiring the Doctorate of National Academy of Sciences.

8. Using the results of the dissertation in scientific and social practice
There isno

9 . Opinions, recommendations and notes

The dissertation student has reached interesting scientific- applied and applied results .
Obviously , the large field for their practical application in everyday life. The dissertation of
mag. Eng . Georgios Kuyumtzidis lays the basics of interdisciplinary QoE metrics
research like offers comprehensive methodology oriented to application , to improve QoE ,
based on the use of ML algorithms and the innovative Open RAN architecture. By leveraging
the capabilities of ML techniques and taking advantage of the flexibility and scalability
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scientific area,
10. Conclusion

The Dissertation of Georgios - Kouyumtzidis is distinguished by a number of merits
in scientific and applied terms. In general, the dissertation shows a very high level of
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