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Bhpxy nncemauucmeuﬂn?ﬂ}:_ag npiaobueaxe wa obpasoeaTenta 1 HayyHa CTeneH JLA0KTop”
Mpothecuoranto Hanpasnexue 5.3. KOMyHUKaLUMOHHA K KOMNIOTBDRHS TEXHWKE
Hayusa cneyuanHocT: KoMyHUKEUMOHHW MPEKU 1 CUCTEMW

ABTOp Ha OWCEPTALUUOHHUA TPYA: Mar. MHX. AtaHac ' Bnaxos

Tema Ha aucepTaunoHHUs Tpya: MHTeNWreHTHO ynpaenexsie Ha Mpexu 3a QocTsn ©
OTBOPEHW MHTEPMEeNCH 3a Ppeanu3aunn Ha YCnyry, KpUTHUHK KM KaiecTsoTo Ha
obcnyxBsaHe

PeueHaeHT; npod. A-p k. Nabpuena , ATanacoBa

1. AKTyanHocT Ha paipaboTBaHuA B AUCEPTaLMOHHWA TPYA npoBnem B Hay4YHO
1 HBYYHOMPUNOXHO oTHOWeHKe, CTeneH U HUBA Ha aKTyanHocTTa Ha npobnema v
KOHKpeTHWTE 3aJaum, pazpaboTeHy B AUCepTaUuATa.

MpexoobT KbM KNETLYHUTE MpeXKW OT NeTo NokoneHue (5G) » GbaewmTe OT WecTo
nokonexue (6G) MpeXu NOCTaBA UIKNIOYMTENHD BUCOKW U XETEPOTEHHK WU3UCKBAHURA KbM
Mpexosata uHdpacTpyKkTypa, Bapupaliy OT MHOTO Marnko 3aKLCHEHWE 38 aBTOHOMHMW
npeso3HW CpeAcTBa A0 OrpoMHa NponyckaternHa cnocobHocT 3@  xonorpadhcku
KOMYHUKALMK. TPafUUMOHRHUTE  @pXWTEKTYDW 38 paavoaocTbh (RAN) ce oxaseaT
HeedieKTWBHW 33 CnpasAHe C TasW AuHaMkka W CnoXHOCT. B TO3M KOHTEKCT,
AVCEPTALMOHHUAT Tpya Ha AtaHac Bnaxos e WIKmOYUTENHO aKTyaneH, Tbil Kato
agpecupa BawHW npobnem cC rapaHTupaHeTo Ha kadecTsoTo Ha obcnyxearne (QoS) u
HWUBOTO Ha YAOBNETBOPEHOCT Ha KpalHus roTpebuTen OT KOMyHWUKaUWOHHaTa ycryra
(QOE) upea wHTerpupaHe Ha U3KYCTBEH WHTeneKT (Al) u mawmuHHo obyuenue (ML) 8
apXVTEKTYPaTa Ha OTBOPEHWTE MPEXK 38 PaAnOAoCTS (Open RAN, O-RAN).

HacToaWMAT avcepTaumoHeH Tpy € okycupaH Bbpxy wacnensaxe, paspaboTeaHe
W BanuoupaHe Ha MEeTOLONOoruM U anropuTMK, Ba3upaHn HE W3KYCTBEH WHTENEKT W
MalumHHO ODyueHUe, 33 WHTENWUIeHTHO ynpaBrneHue W ONTUMUIALUS Ha Open RAN
MpPEeMU.

2 CreneH Ha no3HaBaHe CBCTORHWETO Ha npobBnema W TBOpHecka
WHTEpPNPEeTaLMA Ha NUTepaTypHUA MaTepuan.

MpeacTaseHUAT MaTepuan nokasea, Ye QOKTOPaHTBeT Mar. MHX. AtaHnac eoprues
Braxos 3aAbliBoyMeHo e npoyunn ronsM Gpoi OT 3Ha4YuMuTe HayHhu nyBnvkauuu B
obnactta Ha O-RAN apxutexTypwTe, METOOWTE 38 MALLWMHHO oByqenue, QoS v QoE B
KNETBLYHUTE MpeXu 38 MODUNHU KOMYHUKaLWA. Obwuar Gpon Ha UWTUPaHWUTE
nUTEpaTypHW MatouHuuM e 138, kato no-fonAmara 4act oF THX ca nyBnuKkysaHu npe3
nocneaHUTE AECET TOQUHK, KOBTO & CreACcTBIE OT aKTyanHocTTa Ha TemMaTa. Bb3 ocHoBa
Ha ToBa NpasunHo ca GopMynNUpaHu LUenTa Ha aucepTauuoHHNa TPyA W sagaquTe 3a
HEWHOTO NOCTUTaHe.
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3. CnoTeeTcTBME Ha u3bpaHaTta METOAMKA Ha M3CrieBaHe C NOCTaBeHaTa uen
1 330341 Ha AMCepPTaLUOHHUA TPYA.

WaBpaHaTa OT AOKTOpaHTa MEeToAuka Ha uacnensake, obxeallalla TEOPETUHHO
chopMynupaHe, CUMyNauuoHHO MOJSNWUPaHE U eKCNePUMEHTANHO BpanuaupaHe 8 peanHu
YCNOBWSA, CLOTBETCTEA Ha NOCTaBeHUTE B AUCEPTALMOHHURA TPYA 33A344, KaTo OT4WTa
CROWHOCTTA Ha pasrnexnanus npobnem.

4. KpaTka aHanuTM4Ha XapakTepucTuka Ha ecTecTBOTO M OUeHKa Ha
AOCTOBEpHOCTTa Ha Matepuana, BLpXY KOWTO ce rpagaT npUHOCUTE Ha
OucepTaLMOHHUA TPYA,.

CTpykTypaTa Ha AMCepPTaLMOHHUS TPYA CBOTBETCTEE Ha TemMarta My, OTAenHuTe
rnasu ca nobpe GanaHcupany no obem U NpuTeKasar noru4yecka o0bBbLP3IaHOCT.

[incepTaunoHHUAT TpyA & paapaboteHs B8 obem o7 193 cTpaHuuM, skno4BaLl 70
courypy, 13 Tabnuuu wu OBE NPUNOKEHUS. CTpykTypupad € B CrnegHute 4actu.
EbLBEfEHUe, OCeM [Naeu, 3aK/OYeHWe, CIUCHK Ha aBTOPCKUTE nybnvkauum no
OUCEPTAUMATA, CNUCHUKM Ha M3NCN3BaHWTE ChKpalleHus, thurypu 1 TaBnuum, ¥ CNucuK
Ha M3nonasaHaTa nuTeparypa.

B nbpBa rnasa e Hanpasex 0030p H3 apXWTEKTYpuTE Ha MpexuTe 32 JOCTbN,
akniouuTenHo GSM/GPRS, GERAN, UTRAN, E-UTRAN, NG-RAN, D-RAN, C-RAN, F-
RAN. SD-RAN, xRAN u O-RAN. OcobeHo BHMMEHWE & OTAENEHO Ha O-RAN
apXWTexTYpaTa, KaTo ca npeacTaBeHW OCHOBHUTE chyHKumMoHanku Brokose, 3ae4H0 ©
hyHKLMUTE KOWTO MaNbnHAsaT, Paarneaaku ca uutepdencute 8 O-RAN apxutektypara,
KEKTO U Bb3MOKHOCTUTE 3a BHegpssare Ha Al/ML mogenn. Mpeumaro e dbopMmynupana
WenTa Ha AMCEepPTALMOHHWA TPYA W 3aJaqure, KoWTo Tprabea aa Ovaar pewedn 3a
NOCTUIaHeTo n.

Bropa rmaBa € rocBeTeHa Ha TNPUNOKEHWETO Ha MaiwmHHOTO Of0y4eHue B
KMETBYHUTE MpEeXu. B Hes Ca pa3rnenaHy pasnuyHn MOAEn Ha MatluHHO oByueHue U
Ca O4YepTaHW KOHLENTYanHUTE W apXUTEKTYPHI NPEeanoCTaBkk 3a uanonssaxe Ha Al/ML
8 O-RAN.

B TpeTa rnasa ca nNpeAcTaseHy AeuHMLUM 33 kaiecTeoTo Ha obcnyxeare (QoS)
HMBO HA VAOBMETBOPEHOCT Ha KPanHWRA noTpebuTen OT KOMyHUKauuowHaTa ycnyra
(QoE). BaawmoBpb3kata W KopenauvoHHWTe MOAEenu mexay QoS u QoE chujo e
paarnegana. Onpegenexy ca ycrnyrute B KneTs4HNTE Mpexu 33 MODIUIHKU KOMYHWKaUWW,
kpuTuHK KeMm QoS. CneunanHo BHUMaHKE & oBwpHaTo Ha ponaTta Ha O-RAN u Al/ML s
rapaHTWpaHeTo Ha Ka4eCTBOTO Ha ycnyraTta.

YeTebpTa rnaBa e foceeteHa Ha NpoekTupaHe W umnnemenTupane Ha 5G/LTE
tectora mpexa Gasupana Ha O-RAN. Mbpeo ca pasrnegaHy apxuTexkTypute Ha
BOOEUIMTE TECTOBKM NNaTgOopMK 3a uacnensaxe, paspaBoTBaHe U TecTBaHe Ha 5GILTE
MpEXW, KaTO Ca aHanusupaHW TexHUTE (hYHKUMOHEAHK BBLAMOKHOCTU W OCHOBHW
cueHapun Ha npunoxenue. Cnea ToBa Ca NpeAcTaseHn thuam4eckaTa W norvyeckara



apxuTexTypa Ha paspaboTenaTa OT AOKTOpaHTa TecTosa Mpexa Gaampana Ha O-RAN.
Hakpas e oleHeHa U paGoTocnocobHoCTTa Ha paspaboTeHarta TECTOBa MpEeXa.

B neTa rnasa ca npeacTaseHy MeTOauTe 1 anropuTMuTe 3a npunoxexue Ha Al/ML 8
KIETBUYHUTE MPEXU 33 MODUMHU KOMYHUKSLIWKA.

lllecTa rmaBa pa3rnexaa pasnuudin MOAenu 3a NporHo3vpane Ha QoS u QoE 3a
YCIyTW B KNETBYHU MPEXU 38 MOBUMHY KOMYHWUKELIWW.

B ceamMa rnaea ca npeacTaseHi eKkcnepumeHTanHaTa Metofonorus W
XapaxkTepucTUKUTE Ha cpefaTta 3a Banuaupatie Ha npeanoXeHun ML-BasupaH mMopen 3a
NPOrHO3WpPaHe Ha nponyckaTenHaTa cnocoBHoct npu C-V2X (Cellular Vehicle-to-
Everything), KaKTo 1 pe3ynTaTti 0T U3CNeaBaHATa.

B ocma rnmaBa € [OeMOHCTpupaHa npakTuyeckara peanu3auva Ha AVHaMU4HO
paanpefenexve Ha pagvopecypciTe B peanta O-RAN cpepga, ¢ uen rapadTupaHe Ha
QoS 3a MyNTUMESWHHN YCNYIn.

5. HayuHu U/Mnu Hay4HONPUMOKHU NPUHOCK Ha AUCepTaLUMOHHWA TPYA.

OCHOBHUTE HAYYHU W HAY4HO-NPUNOXHW MPUHOCH MOTaT Aa ce 0DOBWAT, KaKTo
crnenea:

« TlpoekTupaHe, warpaxaane W BHE[pRBaHe Ha nbnHodyHKkuroHansa O-RAN
GasupaHa TecToBa Mpexa KaTo excnepuMeHTanta nnatchopMa 3a wicneasaHe
W BanuUOupaHe Ha PelieHus.

¢ [edwHupat e NOTPEOUTENCKO-LUEHTPUYEH NOAXO0A 33 pueHKa U ModenupaHe Ha
QoE, ocHoBaH Ha aHanua Ha BnuAelmTe chakTopu W Ha KOpenauuoHHuTe
sasucumocTy mexay QoS u QoE.

« PaspaborteHu ca AIML mopenu 3a nporHosupaHe Ha QoE npu paanu4Hu
yCnyTv, OCUIypABALLW BMCOKE TOHHOCT Y eheKTUEHO, NPOaKTUBHO yTipasnexHne
Ha kauecTroTo Ha obemyxeaHe B S5G/O-RAN mpexi.

« [JeMOHCTpMpaHa e NpakTU4EeCcKa peannaauus 3a 3BTOMaTU3IVpaHo ynpasneHue
Ha pecypcu B O-RAN mpexu, ocurypreatlia swacTaHoesBaHe Ha QoS/QoE upes
aunamuuHo network slicing v NPUOpUTUIUPaHE Ha Tpadka.

CunTaM, Ye Tesw NPUHOCK NPaBWUNHO O0TPa3nBaT NOCTUTHATOTO OT asTopa 8 npoueca
Ha NpoBEAEHWTE N3CNENBaHNA U HECHMHEHO LUe HaMepaT CBOATa NPUNOXUMOCT.
§. OueHka 3a CTeneHTa Ha NMYHOTO y4acTue Ha OAMCepTaHTa B NPUHOCHTE.

BL3a OCHOBA Ha AVCEPTAUMOHHUA TPYyA, NOCTWTHATUTE HAYYHW pe3aynTat w
nyBnukauMoHHaTa AedHOCT Ha Mar. WHA ATtaHac BrniaxoB cuvTaMm, 4e
(hOPMYNMPaHWTE HayuHU KU HAYUHO-MPUNOKHW npMHOCKH Ca pesynTaT OT Herosara
caMocTOsTeNHa uacneaosaTencka pabota.

7. TMpeueHka Ha nybnukauuuTe no AWCepTauWoHHKUA TPYA.
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Mo MaTepuanuTe Ha AUCepTaUMOHHWA TDYA NOKTOPaHTLT NpeAcTass BneyaTnasall
CIIMCHK OT 14 NyBrukauumn, KOUTo BKIOHBAT CTaTUK B PEHOMUPaHWU CNIUCaHUA KaTo IEEE
Open Journal of the Communications Soclety, IEEE Access, Electronics (MDPI), Sensors
(MDPI), Journal of Mobile Multimedia, kakTo ¥ QOKNaaW Ha NPECTIKHW MEXKAYHapoaHW
KOH(DEpEeHLMY, KOETO [AOoKa3Ba BMCOKOTO KayecTso W 3HaYMMOCT Ha NpoBedeHUTE
uacnengaHua. B neT ot nyBnukauuuTe Mar. UHAH. Atanac Bnaxos e MbpBY asTep.

Cuyutam, 4Ye pabortaTa e nony4una neoBxoaumata nybnuuHocT. CeuHocTTa W
ofema Ha Hanpasesute nyGnukauMu W AOKNaAW HambIHO oTpa3anBaT paspaboTeHnTe
npoBnemu oT AUcCepTauMoHHUA TPYA.

8. MHeHUs, NPenopLKu 1 Benexku.

MpeanokeHWAT 3a peleH3npaHe AucepTaLuoHeH TPyA NPeACTaBNasa UANOCTHO U
338 LPIUEHO HAYYHO u3cneasaxe, pa3paboTeHO Ha BUCOKO HayHHO W METOQUHECKD HWBO.
TpyabT € NOTUYECKW CTRYKTYPUPaH, pobpe aprymeHTUpaH U KOpeKTHO ohOpMEH.

HayuHaTa oBnacT Ha auceprTauuaTa € NepcneKkTUBHa U C BUCOKE 3HaYMMOCT 33
passuTueTo Ha 5G/6CG mpexuTe, nopaau Koeto npenopsL4eaM Ha Mar. UK. AtaHac

Briaxos f[a NpPoOOLKM CBOSTa Hay4HoM3Crnejosarericka newHocT B
pasrnexnaHoTo HanpasneHue.

9. 3aknioueHWe C FCHA TNONOXUTENHa WK oTpuuaTenHa oOueHKa Ha
AWCepTaLUUOHHUA TPYA.

B peaynrar Ha NpeacTaseHunTe nyBnMkauMu W NPUHOCK B AWMCEPTALNOHHUA TPYA
CMATaM, He TOW ChOTBETCTEA Ha WIUCKBAHWATE Ha _3akoHa 3a pa3BUTUE Ha aKafemMnHuA
cueras 8 PenyBnuka Bunrapus’, MpasunHuka 3a HETOBOTO npunoxeHue u MNpasunHuka
3a ycnosuaTa U peaa 2a npuaobueaHe Ha Hay4HW CTENeHW B TexHUYeCcKW YHUBEPCUTET
— Codhws. [asam nonoxwrenHa oueHka Ha AVCEPTALMOHHUS TPYA W Npeanaram Ha
yBaxaemoTe HayyHo xypw na NPUCHAW Ha Mar. WHX. ATaHac Bnaxos
obpasosatenHara v HayyHa cTeneH LAOKTOp” No NPotHecuOHaNHO HanpasneHue 5.3
KOMYHWKAUMOHHa W KOMNIOTBpHE TEXHUKa, HayuHa cneuwanHocT KoMyHWKaUUOHHW
MPEXUW U CUCTEMW™.

16.06.2026 r. PELIEH3EHT:
rp. Cocun [npocp. a-p ukx. Fabpuena Artanacosal
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o REVIEW

on a doctoral thesis for the award of an educational and scientific degree "Doctor”
Professional field: 5.3 Communication and Computer Engineering
Scientific speciality: Communication Networks and Systems

Author of the dissertation: Atanas Viahov, M.Sc. Eng.

Dissertation topic: INTELLIGENT MANAGEMENT OF ACCESS NETWORKS WITH
OPEN INTERFACES FOR THE IMPLEMENTATION OF QOS-CRITICAL SERVICES

Reviewer; Prof. Gabriela Atanasova, PhD Eng.

1. Relevance of the problem and the specific tasks developed in the doctoral
thesis.

The transition to fifth-generation (5G) cellular networks and future sixth-generation
(6G) networks imposes extremely demanding and heterogeneous requirements on
network infrastructure, ranging from ultra-low latency for autonomous vehicles to
holographic communications. Traditional Radio Access Network (RAN) architectures
have proven inefficient in addressing this level of complexity. In this context, the doctoral
thesis of Atanas Vlahov is highly relevant, as it addresses an important challenge related
to ensuring Quality of Service (Q0S) and Quality of Experience (QoE) for end users
through the integration of Artificial Intelligence (Al) and Machine Leaming (ML) into the
architecture of Open Radio Access Networks (Open RAN),

The present docloral thesis is focused on the investigation, development, and
validation of methodologies and algorithms based on Artificial Intelligence and Machine
Learning for the intelligent management and optimization of Open RAN networks.

2. Degree of topic knowledge and creative interpretation of the literary material.

The presented material demonstrates that the PhD candidate, M.Sc. Eng. Atanas
Georgiev Viahov has conducted an in-depth review of numerous significant scientific
publications on O-RAN architectures, machine learning methods, Quality of Service
(QoS), and Quality of Experience (QoE) in cellular mobile communication networks. The
total number of cited references is 138, the majority of which have been published within
the last ten years, reflecting the high relevance and timeliness of the research topic.
Based on the adeguate literature review, the aim of the dissertation was precisely
formulated.
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3. Consistency of the selected research methodology with the dissertation goal
and tasks.

The research methodology chosen by the PhD candidate, encompassing theoretical
formulation, simulation modelling, and experimental validation under real-world
conditions. is consistent with the tasks defined in the dissertation and takes into account
the complexity of the problem under consideration.

4. Brief analytical description of the nature and assessment of the credibility of
the material on which the contributions of the dissertation are based.

The structure of the dissertation corresponds to its topic, and the individual chapters
are well balanced in terms of volume and exhibit logical coherence.

The dissertation has a total length of 193 pages and includes 70 figures, 13 tables, and
two appendices. It is structured as follows: an introduction, eight chapters, a conclusion,
a list of the candidate's publications related to the dissertation, lists of abbreviations,
figures, and tables, and a bibliography.

The first chapter presenis an overview of radio access network architectures,
including GSM/GPRS, GERAN, UTRAN, E-UTRAN, NG-RAN, D-RAN, C-RAN, F-RAN,
SD-RAN. xRAN, and O-RAN, Particular attention is given to the O-RAN architecture,
where the main functional blocks and their respective functions are described. The
interfaces within the O-RAN architecture are also examined, along with the possibilities
for implementing AI/ML models. The objective of the disseriation and the tasks required
for its achievement are precisely formulated.

The second chapter is dedicated lo the application of machine leaming in cellular
networks. It presenis various machine leamning models and outiines the conceptual and
architectural prerequisites for applying AVML within O-RAN.

The third chapter presenis definitions of Quality of Service (QoS) and Quatity of
Experience (QoE) in telecommunications networks. The interrelationship and correlation
models between QoS and QoE are also examined. Services in cellular mobile
communication networks that are critical 1o QoS are identified, Special attention is given
to the role of O-RAN and AI/ML in ensuring service quality.

The fourth chapter is dedicated to the design and implementation of a 5G/LTE tesi
network based on O-RAN. First, the architectures of leading test platforms for the
research, development, and testing of 5GILTE networks are reviewed, and their functional
capabilities and main application scenarios are analyzed. Next, the physical and logical
architecture of the O-RAN-based test network developed by the PhD candidate is
presented. Finally, the functionality and operational performance of the developed test
network are evaluated.

Chapter Five presents methods and algorithms for applying AlML in cellular mobile
communication networks.



Chapter Six examines various models for predicting QoS and QoE for services in
cellular mobile communication networks.

Chapter Seven presents the experimental methodology and environmental
characteristics used to validate the proposed ML-based model for predicting throughput
in C-V2X (Cellular Vehicle-to-Everything), as well as the research results.

Chapter Eight demonstrates the practical implementation of dynamic radio resource
allocation in a real O-RAN environment {0 ensure QoS for multimedia services.

5. Scientific and/or applied research contributions of the dissertation.

« Design, construction, and implementation of a fully functional O-RAN-based
test network as an experimental platform for research and validation of
solutions.

« A user-centric approach for QoE evaluation and modeliing has been defined,
based on the analysis of influencing factors and the correlation dependencies
between QoS and QoE.

« Al/ML models have been developed for QoE prediction across different
services, providing high accuracy and enabling efficient proactive quality of
service management in 5G/O-RAN networks.

« A practical implementation for automated resource management in O-RAN
networks has been demonsirated, enabling QoS/QoE recovery through
dynamic network slicing and traffic prioritization.

These contributions correctly reflect what the author has achieved.

6. Evaluation of the degree of personal participation of the PhD candidate.
Rased on the dissertation, the achieved scientific results, and the publication activity
of Atanas \lahov M.Sc. Eng., | consider that the formulated scientific and
applied scientific contributions are a result of his independent research work.

7. Assessment of dissertation publications.
In the materials of the dissertation, the PhD candidate presents an impressive list of

14 publications, which Includes articles in reputable journals such as the IEEE Open
Journal of the Communications Society, IEEE Access, and journals published by MDPI,
including Electronics and Sensors, Journal of Mobile Multimedia, as well as papers
presented at prestigious international conferences. This demonstrates the high quality
and significance of the research. In five of the publications, Atanas Viahov M.Sc. Eng. is
the first author,
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All this shows that the work has received the necessary dissemination. The essence
and scope of the publications and conference papers fully reflect the research problems
addressed in the dissertation.

8. Comments, recommendations, and remarks.

The submitted dissertation thesis for review is a comprehensive, completed scientific
study, developed to a high scientific and methodological standard. The work is logically
structured, well-argued, and properly formatted.

The scientific field of the dissertation thesis is of high significance for the
development of 5G/6G networks; therefore, | recommend that M.Sc. Eng. Atanas

Viahov to continue his research activity in this field.

Conclusion with a positive or negative dissertation assessment

As a result of the presented publications and contributions in the dissertation thesis,
| believe that it meets the requirements of the "Law on the Development of the Academic
Staff in the Republic of Bulgaria”, the Regulations for its Application, and the Regulations
for the Conditions and Procedures for Obtaining Scientific Degrees at the Technical
University in Sofia. | give a positive assessment of the dissertation and propose to the
Honourable Scientific Jury to award Atanas | Viahov, M.Sc. Eng. educational
and scientific degree "Doctor” in professional field 5.3 Communication and Computer
Engineering, scientific speciality Communication Networks and Systems.

16.06.2026 REVIEWER:
Sofia IProf. Gabriela Atanasova, PhD Eng./
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