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Loi dau tién va trén hét, em xin bay to 101 cam on sau sic dén ngudi hudng
dan khoa hoc TS. Nguyén Thi Thu Hién — Giang vién, khoa Vién thong 1, Hoc vién
Cong nghé buu chinh vién thong, ngudi khong chi huéng dan tryc tiép vé mat khoa
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MO DAU

Trong nhitng nam trd lai ddy, nganh vién thong da c6 nhitng bude tién to 16n
trong cong cudc truyén tai thong tin. Mang truy nhap vo tuyén di, dang va van sé 1a
mot thanh phan quan trong trong mang. Dic biét véi su phat trién cia cac mang cam
bién khong day va nhu cau truy cip mang toc d6 cao moi luc moi noi cang thuc day
su can thiét ciia cac cong nghé méi va giai phap cai tién cac cong nghé dang co.

Mang truy nhap vo tuyén mé (O-RAN) 1a mot cong nghé tiém nang nham giai
quyét van dé doc quyén, khong hd tro 14n nhau giira cac hing sir dung ao hoa dem lai
rat nhiéu cac vu diém so v6i mang truy nhp vo tuyén truyén thong. Viéc sir dung
hoc may (ML) ndi chung va hoc sau (DL) néi riéng vao cac cong nghé dé phuc vu
viéc toi wu, phan bo tai nguyén hay xu 1y dit liéu ciing rat duoc quan tdm va nghién
clru phat trién.

V6i muc dich dua ra cac phuong 4n phat trién cho nhiing cong nghé tiém ning
dé phuc vu cho cudc song, toi xin chon dé tai nghién ctru “Nghién ciru gidi phap
quan ly tai nguyén mang O-RAN s dung hoc sau” véi 3 chuong nhu sau:

CHUONG 1: TONG QUAN VE MANG TRUY NHAP VO TUYEN MO

Chuong 1 Giéi thiéu tong quan vé mang truy nhap vo tuyén md, lich sir hinh

thanh va phat trién cta cac thé hé mang truy nhap vo tuyén. Kién trac va tiéu

chuan dang duoc nghién ciru phat trién cho mang vo tuyén.

CHUONG 2: GIAI PHAP QUAN LY TAI NGUYEN MANG O-RAN SU
DUNG HOC SAU

Chuong 2 trinh bay cac vé hoc sdu va céc thuat toan trong quan 1y tai nguyén
mang. Tt do dua ra phuong phéap st dung hoc sau trong quan ly tai nguyén ciia mang
truy nhap vo tuyén mé.

CHUONG 3: MO PHONG VA PANH GIA HIEU NANG

Chuong 3 dua ra mdt kich ban véi cac tham s6 chon loc tir d6 danh gia vé hiéu

qua cua viéc su dung hoc sau trong quan ly tai nguyén mang truy nhap vo tuyén mo.



CHUONG 1: TONG QUAN VE MANG TRUY NHAP VO
TUYEN MO

1.1 Giéi thiéu chung vé mang truy nhap vo tuyén mé

Trong nhitng nim qua, nhu cau sir dung cac thiét bi di dong co két ndi mang
v tuyén phuc vu cho cong viéc, lién lac, giai tri... ngdy cang ting cao. Do d6, khong
chi cac nha cung cap thiét bi di dong ngdy cang phai canh tranh trong viéc phat trién
cac san pham phuc vu cho ngudi ding, ban than cac nha cung cap dich vu vién thong
cling can phai d6i mai, nang cap hé thong véi muc dich dam bao vé chat luong, toc
do cting nhu d¢ kha dung moi no1 moi ltc.

Bén canh cac hé théng mang 15i, mang truyén dan hay cac hé thong gia tri gia
tang thi hé théng mang truy nhap vo tuyén ciing 13 mot trong nhitng thanh phan quan
trong dugc chu trong boi day 1a phan mang gan véi nguoi dung nhat, giup giam
khoang cach k¥ thuat s6 va tang kha ning ning tiép cin thong tin cho moi ngudi.

Noi dung chuong 1 s& tip trung gi6i thiéu lich st phat trién va hinh thanh ciing
nhu cic nguyén tic va kién tric cia mang truy nhap vo tuyén mé.

1.1.1 Lich sir phat trién va hinh thanh cia mang truy nhap vé tuyén mé

C-RAN or
Distributed Centralized and Virtual / Centralized, Virtual & Open
Centralized

Hinh 1. 1: Cdc thé hé mang truy nhdp vé tuyén
Su phat trién cia cac mang truy nhap vo tuyén cé thé thdy qua Hinh 1.1 [2].
Cong nghé vién thong khong diy bat dau phat trién vao dau nhitng nim 80 cua thé
ky trudc voi sy xuét hién ctia mot s6 céc tiéu chuan dau tién & Bic M§ nhu AMPS
hay & chau Au la. Cho dén nhitng nam 90, cic tiéu chuan cho mang vé tuyén lan lugt

1a GSM va CDMA dugc trién khai trén toan ciu di thiic day su phat trién cia mang



truy nhip v tuyén cung véi d6 va cac dich vu di dong da phuong tién. Trong giai
doan nay, cac hé thong vién thong ban dau thudng co kién triic phan tan, day ciing 1a
thoi diém D-RAN xudt hién va tiép tuc dugc nghién ctru phat trién cho dén sau nay.
So bd, D-RAN bao gdm cac phan ti: RRH dé thu phat tin hiéu vo tuyén,
thuong duogc dat gﬁn cac tram co s& hodc trén chinh cot, tru, hodc mai nha; BBU: dé
xur ly tin hi€u co so va thuong duoc dat tai nha mang hoac trung tam dir li¢u. Hai khdi
nay thuong duoc két ndi thong qua cap quang hodc dudng ethernet. Kién truc nay
dem lai mot s6 wu diém nhung tang hiéu suét mang, tiét kiém nang luong tia cac diém
diéu khién vo tuyén ciing nhu t6i wu quan Iy mang, dé dang quan Iy va van hanh. Pic
biét, viéc mo rong ciing twong d6i dé dang khi ¢6 nhu cau mé rong quy md mang hay

tdng cuong vung phu.

De-centralized architecture Centralized architecture
b
RAN processing Fronthaul I|I ) Macro
Macro
RAN I _m /
Backhaul Processing Backhaul T
ackhau P chan E D»?} Small Cells
Antenna site \ i
| Macro
CRAN hub/ Data center

Hinh 1. 2: Chuyén déi khoi xiv Iy tin hiéu sang tip trung

Tir nhitng nam dau cta thé ky 21, nhan ra tiém nang ciia tiém ning cia cong
nghé 40 héa va mang c6 thé diéu khién bang phan mém. Cac nha nghién ctru va phat
trién vién thong da tap trung nghién ciru dé thuong mai hoa C-RAN, cac mang dau
tién dugc dua vao sir dung trong giai doan cudi nhitng naim 2000 vao dau nhitng nim
2010.

Bang nhiing tién by manh mé trong cong nghé a0 héa nhu mang dinh nghia
bang phan mém SDN hay 4o hoa chirc ning mang NFV gitup 4o hoa mét sé thanh
phan ciing nhu mot s cac chirc ning mang, cac nha cung cap mang da tao ra cac
trung tdm dit liéu bd xt 1y tin hiéu vo tuyén duoc a0 hoa (hay thudng goi 1a cac hub)
nhu Hinh 1.2 [24]. Cac tram xu 1y tin hiéu thay vi dit gan v6i cac anten phat tin hiéu

s& duoc tap trung tai cac trung tim dir lidu két hop cac cong nghé 4o hoa voi muc



dich xur 1y tin hiéu, t6i vu hon chia sé tai nguyén mang giira cac RRH. Bén canh do,
hé thong quan 1y mang tap trung NMS cung cdp mot cai nhin toan canh, gitip don
gian trong quan 1y, giam sat va thuén tién trong ciu hinh mang, nhanh chéng xir 1y
khi ¢6 su ¢b hon so véi mang D-RAN.

Vi su phat trién va ngdy cang hoan thién trong viéc 40 héa cac thanh phan va
chtrc ning mang, V-RAN nhu mét bude phat trién vuot bac tir C-RAN. Thay vi cac
trung tam dir lieu dugc xay dung gén véi mot sd tram RRH dé xir 1y tin hi€u vo tuyén
thi véi V-RAN, ban than cac b xur 1y sau khi 40 hdéa dugc chay tap trung trén mat
may chu 4o. Piéu nay han ché viéc xay dung nhiéu cic hub ma thay vao dé tap trung
nhiéu cac hub thanh mot trung tdm 16n hon, dé dang cau hinh va thay d6i hon so voi
C-RAN. V& co ban, ddy 14 hai m6 hinh tién tién dem lai hiéu qua cao cho mang truy
nhap v6 tuyén, diém khac biét nam & cach thirc quan 1y ciing nhu mitc do ao hoa tai
nguyén.

Dbi véi O-RAN, cac nghién ctru vé kién tric mang mo di duoc thuc day tir
giai doan 2014 — 2017 véi cac cong nghé vé a0 hdéa mang duoc ing dung trude day.
Tuy nhién, phai d¢én 2018 khi Lién minh O-RAN dugc thanh lap boi AT&T, China
Mobile, Deutsche Telekom, NTT DOCOMO va Orange v6i dinh huéng mé rong
nganh vo tuyén thoe huéng thong minh hon, a0 hoa, md va c6 kha ning tuong tac
hoan toan mdéi dem lai sy phat trién bung n6 cho O-RAN. Nh¢ ¢6 Lién minh O-RAN,
nhiéu cac t6 chirc va nha cung cap mang truy nhap vo tuyén c6 mot hé sinh thai chung
dé cung nhau nghién ctru va phat trién. Vi nguyén tic 1a hoat dong tuan tha theo
WTO trong phat trién cac chuan, huéng dan va khuyén nghi qubc té nhu dam bao:
minh bach, céi mé, cong bang, ddng thuan, hiéu qua phu hop va giai quyét duoc cac
van dé con ton tai. Dén nam 2020, mét s6 nha cung cap dich vu di dong bat dau trién
khai giai phap O-RAN thuong mai trong mang thuc té c6 thé ké toi nhu: Rakuten
(Nhat Ban), Dish Network (My), Telefonica (Tay Ban Nha), Vodafone (Chau Au)...
1.1.2 Céc nguyén tic trong mang truy nhap vo truyén mé

Sy phat trién ctia mang di dong thé hé thir 5 (5G) dua ra ba tiéu chi can phai

dap ung. Dya trén cac yéu cau khac nhau tir nhu cau khac nhau cua nguoi dung cudi,



ba dic diém cua cac 14t mang duoc nhdm muc tiéu trong mang di dong 5G [1] duoc
hién thi trong Hinh 1.3.

Moi 14t mang dugc nhdm muc tiéu vao mot khia canh cu thé ctia Chat luong
dich vu (QoS) va Chat luong trai nghiém (QoE) va dugc danh gia bang cac chi sb
hiéu suét chinh (KPI) khac nhau. Ba phin mang 5G 1a Bing thong rong di dong nang
cao (eMBB), Truyén thong c6 do tré thap cuc ky dang tin cdy (URLLC) va Truyén
thong loai may 16n (mMTC) [3]. Chung la ba dich vu chung chinh duoc hd trg bédi
cong ngh¢ khong day 5G.

Enhanced Mobile Broadband
Capacity Enhancement

==\ Gigabytes in a second
-4

Q 3D Video - 4K screens
Smart city
cameras D% S Work & play in the

cloud

D Industrial &
@ vehicular

Voice  Augmented reality automation
Sensor — -
PN - Selfd
NW (( . )) (2 & T ?
R
Massive loT Mission critical broadband Low Latency
Massive Connectivity Ultra-high reliability & Low Latency

Hinh 1. 3: M6 hinh cdc lit mang trong 5G

- Bing thong rong di dong nang cao (eMBB) nham muc dich dat duoc toc
d6 thong luong tdi da 20 Gigabit mdi gidy [4], dic biét 14 trén tan s kich
hoat Séng milimet (mmW). Phan nay yéu cau toc d6 dit liéu cao tir mang
5G dya trén dit liéu gan day, mang lai trai nghiém ngudi dung tot hon va
nhanh hon bao gid hét. Toc do dir liéu cao mang lai 191 ich cho nhiéu ung
dung khac nhau, chang han nhu Thyc té ting cudng (AR), Thuc té ao (VR)
hodc dich vu hoi nghi truyén hinh.

- Truyén thong c6 do tré thap cuc ky déng tin cdy (URLLC) yéu cau do tré
thép va do tin cay cao. Ung dung cua dich vu nay tap trung vao linh vyc
quan trong trong thoi gian thuc, chang han nhu l4i xe tu dong va Phuong
tién dén moi thu (V2X) [5].



- Truyén théng loai may 16n (mMTC) cung cip kha ning két nbi dam bao
tdi thiéu v6i mat do thiét bi cao trong pham vi mang dé dat duoc muc tiéu
cua loT.

Mang truy nhap truyén thong néi riéng va mang vién théng noi chung, thong
thudng cac thiét bi phan cing va phan mém khi trién khai cho mot thanh phan trong
toan mang s& theo tiéu chuan ciia hing. Cac thong sb k¥ thuat, tham sd, cau hinh hay
tép 1énh hodc quan tri sé tudn theo ctia hing va gan nhu khong thé sir dung cua bén
khac. O-RAN véi mo hinh 1a mot kién triic va hé sinh thai mang truy nhap vo tuyén
voi ti€u chi hang dau ding nhu cai tén cia minh la mé. Muc dich 1a tao ra mot moi
truong mang khong day linh hoat, tiét kiém vé cac chi phi ciing nhu thuén tién trong
mo rong va cdu hinh. Bé lam duge diéu nay, O-RAN tach roi phan cing va phan
mém trong mang truy nhap, cho phép cac nha cung cap dich vu vién thong sir dung
thiét bi va phan mém tir nhiéu nha cung cap khac nhau ma khong bi rang budc boi
mot nha cung cp nao.

Bén canh viéc dap (mg cc yéu cau cho mang 5G hay xa hon 14 6G thi bén
canh cac nguyén tic vé chat luong dam bao cho ngudi ding thi mang O-RAN ciing
can c6 mot s6 nguyén tac khi nghién ciru phat trién va dua ra thuong mai. Cac nguyén
tic d6 bao gom:

- Tinh c6i mo: Cac giao dién gilra cac chirc nang hoac nut logic khac nhau
trong kién trac O-RAN 1a céc giao dién mo dé dat duoc kha nang tuong
tac va cling ton tai gitta cac nha cung cip.

- Phan mém hoa va 4o hoa: Céc trién khai chirc ning mang trong kién trtc
O-RAN dugc di chuyén tir phan cimg doc quyén cua nha cung cip sang
nén tang ddm may thuong mai c6 san trén thi truong chay va duoc quan ly
thong qua phan mém.

- Théong minh: Cac chitc niang cia RAN trong mit phang diéu khién (C-
plane), mit phang nguoi dung (U-plane) va mit phang quan tri (M-plane)
1a d6i twong duogc tdi wu hoa bai cac giai phap cua bén thi ba duoc trién

khai trong mt chirc nang diéu khién tap trung moi, dugce goi 1a RIC, thuc



hién diéu khién vong 13p khép cua cac chic ning RAN qua cac giao dién
mo. Céac giai phap nay tan dung phan tich dya trén dit li¢u va cac k¥ thuat
Al va ML tién tién dé hoc hiéu qua cac mbi phu thudc phtrc tap va cac
tuong tac chéo phirc tap giira cac tham sb trén cac 16p ciia ngian xép giao
thirc RAN dé t6i wu hoa cac quyét dinh quan 1y tai nguyén vo tuyén (RRM)
& do phan giai tot hon cp thiét bi ngudi dung (UE), khong thé dugc nim
bat boi cac tha tuc RRM truyén théng.

- Kha nang lap trinh: Cac muc ti€u tdi wu hoa duge cdu hinh va diéu chinh
theo chuong trinh bang cach sir dung cac chinh sach khai bao do AI/ML
thuc déy, dua trén viéc giam sat li€n tuc hi€u sudt mang va UE. Hon nira,
cic md hinh ML dé dao tao va suy luan dugc cap nhat béng cach su dung
quan 1y vong doi dé thich tng voi cac bién dong trong mang, tai va diéu
kién luu luong.

- Kién trac linh hoat: Thiét ké kién trac mang cin dam bao dé dang thém
hodc bo bdt cac chiic ning mang, gitp nang cip va phét trién thuan tién
hon. Pong thoi két hop voi kha ning lap trinh bang cach tich hop AI/ML
vao giup giai quyét cac bai toan vé tdi vu node mang hodc quy hoach ciing
1a mdt hudng duge quan tam.

1.2 Kién triic va tiéu chuén ciia mang truy nhép vé tuyén mé
1.2.1 Kién tric cia O-RAN

Trude khi tim hiéu sdu hon vé kién triic cia O-RAN, can khéi quat vé cac
thanh phan trong mang O-RAN (Hinh 1.4) [18]ciing nhu mdt s giao thirc chinh duoc
st dung trong mo6 hinh vat 1y ciia mang [6]:

- Khéi vo tuyén (RU): La ph?m cung tram tai tram phat song, chiu trach
nhiém truyén nhan tin hi€u, thuc hién cac chlrc ndng ma hoa, diéu ché va
nguoc lai tin hi¢u vo tuyén

- Khéi phan tan (DU): Khéi xtr Iy dit liéu, diéu khién truy cap, 1ap lich truyén

dir liéu va quan ly tai nguyén vo tuyén



- Khdi tap trung (CU): Chiju trach nhiém vé quan 1y két ndi, diéu khién di
dong, va cac chuc nang quan ly dir li¢u. Thuong chia thanh CU-CP
(Control Plane) va CU-UP (User Plane) dé tach biét chirc ning diéu khién

va dir liéu.

3GPP-based Architecture O-RAN Architecture 0 °‘:M
(Rel 15 CU-DU Split) Lower Layer Spilt (LLS) 7-2x

o
, M-Piore
It ot Setvice Management and Orchestration {e.g, ONAP) (Ootionct for SHO)
Orchestration (e.g. ENM) Noo-RT RIC
0
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T

Q

£l

O-Cu-CP O-CuU-uUP

Ooen Fronthoul

Hinh 1. 4: Mé hinh kién triic ciia O-RAN
- B0 diéu khién théng minh RAN (RIC): La thanh phan trung tim dé diéu
khién va quan 1y mang RAN thong qua cac near-real-time RIC va non-real-
time RIC. Near-real-time RIC: Hoat dong trong khung thoi gian dudi 1
giay, thuc hién cac chic nang nhu 1ap lich radio, t61 wu hoa lién két, va
quan 1y tai nguyén vo tuyén. Non-real-time RIC: Hoat dong trong khung
thoi gian 16n hon 1 gidy, thuc hién cac chirc nang nhu phan tich dir ligu,
hoc may, tdi wu hoa chién luge va quan ly chinh sach.
Bén canh d6, cac giao dién ciing 1a mot yéu t6 can phai luu y khi xay dung mo
hinh mang cho O-RAN.
Céc giao dién dugc 3GPP dinh nghia gitta cac Chirc nang mang RAN (NF)
duogc phan tach, dugc dinh nghia la giao dién ma, trong O-RAN [7-12]:
- Giao dién F1-C giitra CU-CP va DU
- Giao dién F1-U gitra CU-User Plane (UP) va DU



Giao dién E1 gitra CU-CP va CU-UP

Giao dién X2-C gitra hai eNB va/hoic gitta mot cap eNB-O-CU-CP dé bao
hiéu mat phiang diéu khién

Giao dién X2-U giita hai eNB va/hoic gitra mot cip eNB-O-CU-UP dé bao
hiéu mit phing nguoi dung

Giao dién Uu gitra UE va RAN

Céc giao dién mo dugc O-RAN dinh nghia moi gitra cac NF ctia O-RAN:

Giao dién A1: Két ndi non-real-time RIC v&i cac thanh phan nhu CU va
DU, cung cip kha ning diéu khién cac chinh sach dén cac thanh phan
mang.

Giao dién E2: Két ndi near-real-time RIC véi cac thanh phan CU va DU,
cung cap kha niang diéu khién va giam sat trong thoi gian gan thuc.

Giao dién O1: Pé quan 1y va diéu khién mang O-RAN tir hé thong quan 1y
dich vu (SMO), ding d¢ thu thap dir liéu va c4u hinh thanh phan mang.
Giao dién F1: Két ndi gitra DU va CU, ding dé truyén dir liéu va thong tin
diéu khién gitra hai thanh phan nay.

Giao dién mo Fronthaul (OFH): két ndi gita RU va DU, dung dé hd trg
cac giao thirc mé va chuan hoa, cho phép twong thich giira cac nha cung
cap khac nhau

Giao dién O2 giita SMO va nén tang O-Cloud

Giao dién Dong b hoa Ngudi dung Piéu khién Open Fronthaul (CUS)/M-
plane gitta O-DU va O-RU

Giao dién Y1 dé hién thi thong tin phan tich tir Near-real-time RIC dén

nguoi tidu ding duge ty quyén.

T mo hinh kién trac nay, co thé théy duoc mot s6 loi thé cling nhu thach thuc

trong viéc phat trién mang O-RAN. Loi thé chinh cta kién triic Open RAN bao gom:

Tranh bi nha cung cap khoa chit: Giao dién mé cho phép kha ning twong

tac da nha cung cap.
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Giam chi phi: Ap dung nén tang COTS va phan crmg nhan tring mo trong
khi giam thiéu viéc str dung phan cting déc quyén ctia nha cung cap.

Tang cudng do théng minh cia mang: Cung cap cac dam bao hiéu suét va
trai nghiém cho nguoi dung cudi va khach hang doanh nghiép, hudng t6i
viéc thuc hién céc truong hop st dung béng cach tan dung RIC thyuc hi¢n
t61 uu hoa cac chirc nang C-plane, U-plane va M-plane sir dung cc cong
cu AI/ML tinh vi, tri tué chi tiét va chinh sach c6 thé lap trinh.

Thuc day d6i méi: Nudi dudng mot hé sinh thai canh tranh cac giai phap
cua bén thur ba twong tdc véi nhau st dung giao dién va APl mé va tiéu
chuan dé t6i vu hoa mang va dat dugc hi¢u suat/dam bao trai nghiém,
Hop tac phat trién phan ctmg va phan mém mé gitta nhidu cac nha cung
cap, dé dang tan dung loi thé cia timg bén. Trudng hop sir dung chung ha
tang mang vo tuyén hogc cau hinh trén ciing mot thiét bi cho cic nha mang
s€ cuc ké nhanh gon khi da c6 mot chuin chung dé su dung.

Tinh linh hoat trong viéc trién khai cac chuec nang mang: Vi duy, lya chon
mo trong viée trién khai O-DU tai co s ctia khach hang gan hon vdi vi tri
vat 1y hodc trung tam dir liéu cuc bd/bién gan d6, va tao diéu kién thuén loi
cho viéc téng hop tur nhiéu DU tir trung tam dir li¢u cuc bd tai CU dugc

trién khai trong trung tam dit liéu bién...

Mic du nhitng loi thé nay chic chan da thiic ddy cac nha khai thac quan tam

hon dén viéc ap dung va thir nghiém cac hé thng O-RAN, nhung ciing c6 nhing

thach thirc can dugc xem xét va giai quyét can than dé hudng t6i viéc ap dung va

trién khai rong rai cac hé thong Open RAN cap san xuat. Nhiing thach thirc nay bao

gom:

Tong chi phi giam thiéu (TCO) cta Open RAN ddi véi nha khai thac van
chua dugc ching minh ro rang.

Cén c6 bang thong cao va do tré thip cho giao dién M-plane open fronthaul
giita O-DU va O-RU d¢é thuc hién cac hoat dong.
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- Ngoai fronthaul, viéc tap trung héa khdi xir Iy trung tim 4o héa doi hoi
phai c6 ké hoach nang cip dung luong truyén dan bd sung cho midhaul.

- Yéu cau vé phan ctrng méi (nhuw COTS, bo ting tdc, phan ctng nhin tring
mo va phan mém (chang han nhu phan mém gdc ddm may va do hoa) trong
bdi canh hé thdng vién thdng.

- Kha ning twong tac giita cic NF cua nhidu nha cung cip qua cac giao dién
mo va duoc dinh nghia boi O-RAN va su phirc tap vé phat trién va van
hanh lién quan, dac biét 1a voi cac nha khai thac brownfield, trong viéc
nang cap va tuong tic vdi cac trién khai hién c6 cta ho.

- Céc trién khai CU va DU tap trung tao ra cac mién 15i 1on va do dé phai
duoc 1én ké hoach cén than vé du phong cuc bg va du phong dia 1y dé phuc
hoi dich vu, lam tang chi phi va do phuec tap.

- Su phuc tap trong tu dong hoéa thong minh lién quan dén RIC va cac ung
dung cta bén thtr ba xApps/rApps, phat sinh tir nhiéu xApps/rApps dang
¢ gang truy cap cung mot tai nguyén va thuc hién cac thay doi tiém an
xung dot trong cling maot tai nguyén co thé dan dén sy khong 6n dinh cua
hé thong.

- Tinh tin cdy va kha dung, xtr 1y kha ning sin c6 ctia bo xir 1y va luu trix
can thiét tir cc nha cung cap co sé ha ting ddm mAy trong cac tai nguyén
co so ha tang ddm may, dong thoi giam thiéu ton that dich vu duoc cung
cap boi cac chirc nang mang.

- Céc van dé vé bao mat va tin cdy, giai tin Open RAN thé hién bé mat tan
cong mo rong va ting cudng rui ro bao mat phat sinh tir viéc bod sung cac
giao dién méi va cac chirc ning mang giai tan mai, néu khong duoc quan
Iy an toan, c6 thé dan dén ting tinh d& bi ton thuong; trong khi cac van dé
vé long tin giita nhiéu nha cung cép c6 thé anh hudng dén su cung ton tai
cua cac chirc nang mang tuong tng cua ho phai tich hgp va tuong tac qua
cac giao dién mo.

1.2.2 Sw phat trién cac tiéu chuin cia O-RAN
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Trong nhirng nim tré lai day, su phat trién cuia O-RAN khéng chi trong céc
cong nghé ma con ¢ cac ti€u chuan di duogc Lién minh O-RAN dé xuét kién nghi,
diéu nay cho thiy trién vong phat trién cho cong nghé nay. Duéi ddy 12 mot sb tién
tién trong céc tiéu chuan ciia O-RAN
a. Kién trac dya trén dich vu cho SMO: Kién tric SMO tach roi trong O-RAN trinh

bay SMO nhu mét tap hop cac chirc ning SMO cung cép cac dich vu SMO, day
12 mot tap hop cac kha ning quan 1y, diéu phéi va tu dong hoa duoc chuan héa.
Céc chirc ning SMO, bao gdm Non-real-time RIC, déng vai tro ctia nha san xuét
dich vu va ngudi ti€u dung dich vy, cung cép va st dung dich vu qua giao dién dua
trén dich vu SMO. Piéu niy cho phép kha ning tuwong tac va két ndi giita cac giai
phap da nha cung cap cho cac chitc ning SMO.

b. Kién trac dua trén dich vu cho Non-real-time RIC va giao dién R1: Kién triic Non-
real-time RIC trong O-RAN WG2 trinh bay mét kién trac dya trén dich vy, trong
d6 khung Non-real-time RIC/SMO cung cdp mét goi cac dich vu s& duoc cung cap
bdi cac chirc niang khung Non-real-time RIC/SMO (hoat dong nhu nha san xuét
dich vu) va s€ duoc tiéu thu bdi cac rApp (hoat dong nhu ngudi tiéu dung dich vu)
qua giao dién dua trén dich vu R1. rApps, nhu cac ing dung m& rong tur cac bén
thir ba chiu trach nhiém tao cac chinh sach khai bao va muc tiéu KPI, dat cac muc
tiéu RRM cho chirc ning RAN véi Near-real-time RIC va dé xuét cau hinh phan
tr mang cho cac thao tac OAM qua R1, s€ tuong tac véi cac chuc nang khung
Non-real-time RIC/SMO qua giao dién dua trén dich vu R1, dugc O-RAN WG2
chuan hoa.

¢. Mo hinh dich vy va dinh nghia kiéu cho giao dién E2 va A1: O-RAN da chuan hoa
cac mé hinh dich vu méi, chang han nhu M6 hinh dich vu E2 - Diéu khién RAN
(E2SM-RC), M6 hinh dich vu E2 - Giam sat hiéu suat chinh (E2SM-KPM), Mo
hinh dich vu E2 - C4u hinh va diéu khién 6 (E2SM-CCC) dé trién khai cac dich vu
Near-real-time RIC qua giao dién E2 hudng t6i viéc thuc hién cac truong hop st
dung O-RAN nhu dinh tuyén luu lugng, QoS, phan doan mang, MIMO quy mo

16n... Tuong ty, O-RAN ciing da chuin héa cac dinh nghia kiéu méi dé tao cac
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chinh sach hudng t&i viée thuc hién cac trudng hop str dung O-RAN vé dinh tuyén

luu luong, QoS, phan doan mang va MIMO quy mo 16n.

Service and Management Orchestration Framework

Hinh 1. 5: Chic néing quan Iy ldt cit trong SMO

. Pam may héa va diéu phdi qua giao dién 02: 02 1a mét giao dién logic mé trong

kién tric O-RAN dé giao tiép giita SMO va O-Cloud dé quan 1y co sé ha tang O-

Cloud va quan 1y vong doi trién khai cta cac chirc ning mang dam may O-RAN

chay trén O-Cloud. Céc chirc ning s& dugc thuc hién qua giao dién 02 bao gom:

Quan 1y tai nguyén co so ha ting O-Cloud dé quan 1y co s& ha ting va tai
nguyén nén tang O-Cloud.

Quan 1y va diéu phdi tai nguyén trién khai O-Cloud dé quan 1y viéc trién
khai O-Cloud.

OAM O-Cloud dé quan 1y Li, Cau hinh, Ké toan, Hiéu suat, Bao mat ciia
O-Cloud thé hién co s& ha téng.
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e. M-plane phén cép va lai cho giao dién open fronthaul: O-RAN d3 chuén héa hai
tly chon cho quan Iy OAM cua O-RU. Trong M-plane phan cap, quan Iy OAM
cho O-RU dién ra thong qua O-DU. SMO sir dung giao dién O1 dé thuc hién cac
hoat dong FCAPS lién quan dén O-RU trén O-DU, sau do sir dung giao di¢n
fronthaul M-plane véi O-RU. Trong M-plane lai, quan 1y OAM cho O-RU duoc
thue hién truc tiép tir SMO théng qua giao dién M-plane open fronthaul t6i O-DU.

f. API Near-real-time RIC: O-RAN WG3 gan day da chudn hoa cac API[15, 16] dé
cho phép kha nang tuong tac va tich hop gitta xApp cta bén thir ba, chiu trach
nhiém vé RRM chi tiét cta cac chirc niang C-plane, U-plane va M-plane cta cac
chtrc ning mang O-RAN qua giao dién E2 voi do chi tiét gan thoi gian thuc sir
dung cac vong lap diéu khién do tré thap va cac chirc ning nén tang Near-real-time
RIC.

g. Giao dién m&i dé tiép xtic thong tin phan tich RAN: Phan tich RAN chi tiét duoc
cung cip boi nén tang Near-real-time RIC qua giao dién dya trén dich vu Y1 méi
cho nguoi tiéu dung nhu cic chire nang 161 géi tin hodc may cha ing dung hoac
may chu canh c6 nhiéu trudng hop sir dung khéc nhau, chiang han nhu sau:

- Théng lugng RAN dy doan cap UE, duoc tiép xuc boi RIC, khi duoc st
dung bdi may chil tng dung nhu may chu phat truc tuyén video, s& cho
phép may chii chu dong va thong minh t6i wu hoa d6 phan giai toc do bit
video cho ndi dung video phat tryc tuyén téi UE dé giam thiéu viéc dém,
dirng... do d6 sau d6 cai thién QoE trung binh ctia UE phat video truc tuyén.

- Do tré RAN du doan cap UE, dugc tiép xuc boi RIC, khi dugce st dung boi
may chil tng dung nhu may chi phat truc tuyén thuc té a0 360 d6 (VR),
s& cho phép may chil chii dong va thong minh t6i uru hoa kich thude goi IP
cho ndi dung VR dé giam thiéu hién twong man hinh bi dong bang, man
hinh bj tat... do d6 sau d6 cai thién QoE trung binh ciia UE VR..

h. Chtrc ndng quan ly mang ludi phan doan trong SMO: Chtrc ndng quan Iy mang
lu6i phan doan mang RAN cu thé duoc tao ra cac dich vu quan ly mang ludi phan

doan mang RAN (NSSMS) cho cac Thuc thé mang ludi phan doan mang (NSSI)
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trong mién RAN duoc thuc hién trong SMO, nhu duogc hién thi trong Hinh 1.5.
Nha san xudt NSSMS cung cép cac dich vu CM, PM va cac dich vu FCAPS khac
cho cac NSSI cu thé cua RAN.
1.3 Két luan chwong 1
Chuong nay cua dé an da trinh bay vé su lich st hinh thanh va phat trién cta cac
thé hé mang truy nhap vo tuyén va tinh thiét yéu cua O-RAN khi céc cong nghé 4o
hoa 16p mang ngay cang hoan thién hon. Cac nguyén tic chung can phai c6 cho mang
O-RAN ciing nhu kién triic dé xuat cuia Lién minh O-RAN cho mé hinh vat 1y caa
mot mang truy nhdp mé tur o nam duoc nhirng loi thé 1a han ché con ton tai trong
qua trinh nghién ciru va phat trién sau nay. C6 thé thady mot trong nhitng xu hudéng
dang rit dugc quan tam 1a tich hop Al hay ML vao trong giam sat va quan 1y cho

mang O-RAN.
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CHUONG 2: GIAI PHAP QUAN LY TAI NGUYEN MANG O-
RAN SU DUNG HQC SAU

2.1 Gi6i thiéu vé hoc siu va nhirng thuit toan

2.1.1 Giéi thiéu vé hoc sau

ARTIFICIAL INTELLIGENCE

Programs with the ability to
learn and reason like humans

MACHINE LEARNING

Algorithms with the ability to learn
without being explicitly programmed

DEEP LEARNING
Subset of machine learning
in which artificial neural
networks adapt and learn
from vast amounts of data

Hinh 2. 1: Méi quan hé giita Tri tu¢ nhén tao, Hoc mdy va Hoc siu

Nhirng ndm gan day, Tri tué nhan tao (Al) va cu thé hon 1a Hoc may (ML) ndi
1én nhu mot minh chimg cta cudce cach mang cong nghiép lan thi tu (1 - co dong hoi
nudc, 2 - niang lugng dién, 3 - cong nghé thong tin). DU chi mai xuét hién khong 1au
nhung Al d3 dang va sé& hién dién trong moi linh vuc cta doi séng con ngudi, tir kinh
té, giao duc, y khoa cho dén nhitng cong viéc nha, giai tri hay tham chi la trong quan
su. Nhitng tmg dung ndi bat trong viéc phat trién Al dén tir nhiéu linh vuc dé giai
quyét nhiéu van dé khac nhau. Nhung nhitng dot phd phan nhiéu dén tir Hoc sau (DL)
- mot mang nhoé dang mo rong dan dan dén ting loai cong viée, tir don gian dén phirc

tap.
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Hoc sdu d3 giup may tinh thuc thi nhitng viéc tuong chirng nhu khong thé vao

15 nam trudc: phan loai ca ngan vat thé khac nhau trong cac birc anh, tu tao chu thich

cho anh, bat chudc giong ndi va chit viét cua con nguoi , giao tiép véi nguoi, hay

tham chi 1a ca sang tac van, phim, hinh d&nh, am nhac.

V& lich sir hinh thanh, c6 thé chia su phat trién cta hoc sau thanh 6 giai doan

phat trién nhu sau:

Giai doan 1940-1950: Nam 1943, hai nha khoa hoc Warren McCulloch va
Walter Pitts da gidi thiéu moé hinh toan hoc dau tién ctia mot té bao than
kinh nhan tao, dua trén cac khai niém cua hé than kinh trong sinh hoc. bén
nam 1958, nha tam 1y hoc Frank Rosenblatt phat trién mot mé hinh mang
no-ron don gian c6 kha niang hoc tap tir dit liéu dd cho. Pay c6 thé coi 1a
nén tang dau tién ctia hoc may va hoc siu sau nay.

Giai doan 1960-1980: Vao nhitng nim 60 va 70 cua thé ky trude, hai nha
khoa hoc 1a Marvin Minsky va Seymour Papert di chi ra nhugc diém trong
1a gi6i han trong viéc xir Iy cac bai toan phi tuyén tinh phirc tap, diéu nay
1am han ché sy htng thu trong nghién ciru mang no-ron. Phai dén nhiing
nam 80, mdt nhom cac nha khoa hoc nhu Geoffrey Hinton, David
Rumelhart, va Ronald Williams di dua ra thuat toan lan truyén nguoc
(Backpropagation) gitp toi uu hiéu qua trong viéc huin luyén mang no-
ron. Pac biét, Geoffrey Hinton con dugc coi nhu cha dé ctia hoc sau va
cling da hudng dan cho nhiéu cac nha khoa hoc khac nghién ciru vé& hoc
Sau sau nay.

Giai doan 1990: Pay 1a khoang thdi gian dot pha d6i véi hoc sau khi cac
mo hinh nhu mang no-ron héi tiép (RNN) va mang no-ron tich chap (CNN)
ra doi, duoc lién tuc phat trién. Viéc sir dung CNN cho nhén dién chit viét
tay boi Yann LeCun cing nhém ciia minh di ddnh diu mét budc tién to
16n cho viéc tmg dung hoc sau vao cudc sdng.

Giai doan 2000: V&i sy phat trién manh mé& cua cong nghé va co sé ha

tang, nhiéu cac thuat toan da dugc dua ra va ap dung trong viéc huan luyén
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mang. C6 thé ké dén nam 2006, Geoffrey Hinton va cac cong sy gidi thiéu
khai niém mang niém tin siu (DBNSs), khoit dau cho viéc huan luyén cac
mang no-ron sau (deep neural networks) hiéu qua. Dén nim 2009 tai dai
hoc Standfornd, hai nha khoa hoc 1a Andrew Ng va Quoc Le dat dugc thanh
cong khi trién khai mang no-ron sau trén hé théng dién toan ddm may, cho
phép mo hinh hoc tir dir liéu quy mo 16n.

- Giai doan 2010: D4y 1a khoang thoi gian phat trién manh mé véi nhiéu cac
dau an dang nhé ddi vai hoc sau. Vao nim 2012, Mang AlexNet, duoc phat
trién boi Geoffrey Hinton va cac hoc tro Alex Krizhevsky va Ilya
Sutskever, chién théng cudc thi ImageNet véi mot cach bi¢t 1on. Su kién
nay danh dau sy bung nd cta hoc siu trong nhan dién hinh anh va din dén
mot lan song nghién ciru méi. Pén nam 2014, nha khoa hoc ngudi My lan
Goodfellow va cac dong nghiép gidi thiéu mang d6i khang tao sinh
(GANs), mot phuong phap mdi manh mé dé tao dit liéu tong hop. Mang
phan du (Residual Networks) ctia Kaiming He va cac dong nghiép giup
huin luyén cac mang no-ron cuc sau, vugt qua cac mo hinh truyén théng
trong nhiéu tac vu nhan dién hinh anh vao nam 2015. Sang 2016 AlphaGo
cua DeepMind sur dung hoc sau dé danh bai nha vé dich thé gid1 Lee Sedol
trong tro choi co vy, thé hién tiém niang cua hoc sau trong cac trd choi
chién luoc phuc tap.

- Giai doan 2020 dén bay gio: Dau an sau dam nhat trong khoang nam 2020
¢6 18 chinh 1a su ra doi cia Chat GPT duoc phat trién boi Open Al véi kha
nang tim kiém, xir Iy cac cau hoi mot cach dang kinh ngac. Cho dén hién
tai, hoc sau duoc tiép tuc nghién ctru phat trién vao nhiéu cac linh vuc trong
cudc song. Phai ké dén 1a viéc xur 1y dit liéu dung trong mang truyén thong,
mo hinh mang 40 hoa, hira hen s& thiic ddy cic cong nghé moi.

C6 thé thay tuy hoc sdu chi 1a mot nhanh nho cua hoc may (Hinh 1.1). Tuy

nhién, trong nhitng niam tré lai day, hoc sdu di dugc nhic dén rat nhiéu nhu mot xu
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hudng madi cua cude cach mang Tri tu¢ nhan tao boi kha nang xur Iy Dir liéu 16n tdt
hon véi su chinh xac va t6t hon han cac so v6i hoc may.

Mot cach tong quat, hoc sdu tap trung vao viée str dung cac mang no-ron nhan
tao co cau tric phtrc tap va nhiéu 16p (deep neural networks) dé hoc tur dit liéu. Hoc
sdu mo phong cach hoat dong cua bd ndo con ngudi, voi kha ning ty dong trich xuét
cac dac trung tr dir li¢u tho va thyc hién cac nhiém vu phtre tap nhu nhan dién hinh
anh, xir Iy ngdn ngir ty nhién, va choi trd choi... Cac tinh ning cap cao dugc trich
xuat tur dong sau cac 16p hoc trong mang ludi than kinh. Qua trinh tu day trén dir li¢u
lich str sau d6 ¢6 thé duge su dung dé nhan dang hodc dy doan.

2.1.2 C4c thuit toan va dic diém

a. Mang No-ron Tich chap (Convolutional Neural Networks - CNNSs)

Céch hoat dong:

- Convolutional Layer: Lép nay str dung cac bo loc (filters) dé quét qua dau

vao va phat hién cac dac trung cuc bd (local features) nhu canh va hoa tiét.

- Pooling Layer: Giam kich thuéc khong gian ctia biéu dién dau vao (thuong

diung Max Pooling hodc Average Pooling) dé giam tinh toan va kiém soat
overfitting.

- Fully Connected Layer: Két ndi tat ca cac no-ron tir 16p truéc dén mdi no-

ron trong 16p nay, thuong ding cho phén loai cudi cung.

Ung dung: Nhan dién hinh dnh, phan loai &nh, phat hi¢n ddi tuong, xur ly video.
Thuat toan cu thé: AlexNet: Gom 5 16p tich chap va 3 16p fully connected, st dung
ReLU va Dropout. VGGNet: Cac phién ban nhu VGG16 va VGG19 ¢6 nhiéu 16p tich
chap nhé vaéi kich thude bd loc 3x3. ResNet: Gioi thiéu residual connections (két ndi
du) dé huan luyén cac mang rat sau.

b. Mang No-ron Hdi tiép (Recurrent Neural Networks - RNNSs)

Céch hoat dong:

- Recurrent Layer: Cac no-ron trong RNN c6 két nbi vong lip, cho phép

thong tin tir cac budc thoi gian trude duge sir dung trong cac budc tiép

theo.
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- LSTM (Long Short-Term Memory): Mot loai RNN dic biét véi cac cong
(gates) giup kiém soat ludng thong tin, khic phuc vin dé vanishing
gradient.

- GRU (Gated Recurrent Unit): Tuong ty nhu LSTM nhung ¢6 ciu triic don
gian hon véi it céng hon.

Ung dung: Xt 1y chudi thoi gian, xir Iy ngdn ngit ty nhién (NLP), dich may,

nhan dién giong noi.

Thuét toan cu thé:

Vanilla RNN: M6 hinh RNN co ban véi cac két ndi vong lip don gian.

LSTM: Sur dung céc cong dau vao, gic, va dau ra dé kiém soat thong tin.
- GRU: Sir dung cong cap nhat va cong reset dé quan 1y thong tin.
c. Mang No-ron Pbi khang Tao sinh (Generative Adversarial Networks -
GANS)
Céch hoat dong:
- Generator: Mang sinh tao ra dit lidu gia tir nhiéu ngau nhién.
- Discriminator: Mang phan biét c¢6 ging phan biét gitra dir liéu that va di
ligu gia.
Ung dung: Tao hinh dnh mé1i, tao nhac, sinh dir liéu gia 1ap, céi thién chét
lugng anh.
Thuét toan cu thé:
-  DCGAN (Deep Convolutional GANs): Str dung CNNs trong cd Generator
va Discriminator.
- StyleGAN: Kiém soat cac dic trung phong cach cua hinh anh tao ra.
- CycleGAN: Chuyén d6i hinh anh tir mot mién ndy sang mién khac ma
khong can cip dir liéu twong tng (vi du: tir ngua sang ngya van).
d. Mang No-ron Bién doi (Transformer Networks)
Céch hoat dong:
- Self-Attention Mechanism: Cho phép mé hinh tap trung vao cac phan quan

trong cua chuoi dir licu.
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- Encoder-Decoder Architecture: Bao gdm mét encoder dé xtr Iy ddu vao va
mot decoder dé sinh dau ra.

Ung dung: Xir Iy ngdn ngit tir nhién, dich mdy, tom tit vin ban, phan loai vin

Thuét toan cu thé:

- BERT (Bidirectional Encoder Representations from Transformers): Mo
hinh transformer huan luyén song phuong, manh trong nhiéu tac vu NLP.

- GPT (Generative Pre-trained Transformer): M6 hinh tap trung vao sinh van
ban, véi cac phién ban nhu GPT-2, GPT-3.

- Transformer-XL: Giai quyét van dé mo hinh hoa chudi dai bang cach luu
trir trang thai tir cac budce trude do.

e. Autoencoders

Céch hoat dong:

- Encoder: Nén dit liéu dau vao thanh mot biéu dién ma hoa (latent
representation).

- Decoder: Giai ma biéu dién ma hoa trd lai thanh dit liéu géc.

Ung dung: Giam chiéu dir liéu, nén dir liéu, phat hién bat thuong, sinh dir lidu.

Thuét toan cu thé:

- Variational Autoencoder (VAE): M3 hoéa dit liéu thanh mot phan phdi xéac
suat va sir dung k¥ thuat 1ay mau.

- Denoising Autoencoder: Hoc cach loai bd nhiéu tir dix liéu dau vao.

f. Mang No-ron Chuyén tiép (Feedforward Neural Networks - FNNSs)

Céch hoat dong:

- Input Layer: Nhan dir liéu dau vao.

- Hidden Layers: Mot hodc nhiéu 16p an v6i cac no-ron lién két hoan toan.

- Output Layer: Sinh ra két qua cudi cung.

Ung dung: Phan loai, hoi quy, nhan dang mau.

Thuét toan cu thé:.
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Multi-Layer Perceptron (MLP): Mang no-ron co ban véi cac 16p lién két

hoan toan.

g. Mang No-ron Bién d6i D thi (Graph Neural Networks - GNNSs)
Céch hoat dong:

Graph Convolutional Layer: Thuc hién tich chap trén db thi, truyén thong
tin qua céc nut va canh.

Graph Pooling Layer: Giam kich thudc cta d6 thi, twong ty nhu pooling
trong CNNs.

Ung dung: Phan tich dir li¢u dd thi, mang xa hdi, phan tich phan tr, du doan

lién két.

Thuét toan cu thé:

Graph Convolutional Networks (GCNs): Str dung cac 16p tich chap d6 thi
dé hoc biéu dién nut.
Graph Attention Networks (GATs): St dung co ché attention dé gan trong

s0 khac nhau cho cac nut lan can.

2.2 Giai phap quan ly tai nguyén mang O-RAN sir dung hoc sau
2.2.1 Cac wu nhwoe diém

Hoc sau c6 thé duoc ap dung trong quan 1y tai nguyén mang truy nhap vo tuyén

m¢ dé cai thién hi¢u suat mang, t61 wu hoa quy trinh van hanh, va tang cuong trai

nghiém nguoi dung. Dudi day 1a mot sé tmg dung cu thé:

Téi wu hoa Tai nguyén Mang, du doan Tai nguyén: Str dung mang no-ron
hdi tiép (RNN) hoic mang no-ron bién ddi (Transformer) dé du doan luu
lugng mang va yéu cau tai nguyén trong tuong lai. Diéu nay c6 thé giup tu
dong diéu chinh ciu hinh mang dé dap tmg nhu cdu mang du kién va giam
thoi gian dap Gng.

Quan 1y Su ¢6 va Bao tri: Str dung mang no-ron tich chap (CNN) dé phat
hién céc van dé mang nhu sy ¢ két ndi, nut mang hoac kénh tat, va giam
thiéu thoi gian ngiig hoat dong bang cach canh bao va phan ung kip thoi.

Ap dung mé hinh dy doan dé uéc luong thoi gian hoat dong cua cac thanh
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phan mang va dy doan thdi diém can thuc hién bao tri. Didu nay giup tdi
uu hoa ké hoach bao tri va giam thiéu thoi gian ngimg hoat dong khong
can thiét.

- Tbi wu héa Tai nguyén Mang va Hi¢u suat: Su dung hoc sau dé tbi wu hoa
cAu hinh mang va phan b tai nguyén mang mot cach hiéu qua, dwa trén dit
lidu thoi gian thuc vé luu lwong mang va yéu cau cia ngudi dung. Phat
trién mo hinh dé dy doan hiéu suat mang va tién doan cac diém nghén va
van dé khac, tir 46 t6i uu hoa do tré va ting cuong trai nghiém nguoi ding.

- Tang cudng Bio mat va An toan: Sir dung hoc sdu dé phat hién cac hanh
vi dang ngd va cadc mo hinh xam nhap trén mang, gitip bao vé hé thong O-
RAN khoi cac méi de doa bdo mat. Phét trien mo hinh dé du dodn va danh
gia cac moi de doa tiém an, tir d6 ting cudng kha ning phan tng va phong
ngira trude cac cudc tin cong.

- Tbi wu hoa Van hanh va Tai ciu trac Mang: Str dung hoc sau dé t6i wu hoa
cac quy trinh van hanh mang, bao gdm quan Iy mang, diéu phéi tai nguyén,
va phan tmg voi cac sy kién khong mong mudn. Ap dung hoc sdu dé phan
tich cdu triic mang hién tai va dé xudt cac cai tién va tai cdu tric dé toi uu
héa hi¢u suét va linh hoat.

Tu day, co thé dua mét s6 cac wu nhuge diém trong viéc ap dung hoc sau vao

trong mang O-RAN. Vé uu diém, c6 thé ké dén:

- Téang cuong hi¢u suét mang: Hoc sau cé thé phan tich dir li¢u luu luong
mang va tai nguyén mang dé t6i wu hoa viéc sir dung tai nguyén va cai
thién hiéu suét mang.

- Tu dong hoa quy trinh van hanh: Bang cach sir dung mé hinh hoc séu, cac
quy trinh quan 1y va van hanh mang c6 thé duoc tu dong hoa, gitip giam
thiéu sai sot va toi uvu héa thoi gian hoat dong.

- Du doan su ¢b va bao tri: Hoc sau c6 thé du doan sy cb va nhu cau bao tri
cua mang trude khi chiing xay ra, giap tang cuong kha nang dy doan va

phan ung.
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- Tang cudng bao mat va an toan: M6 hinh hoc siu c6 thé phat hién cac hanh
vi dang ngd va mo hinh xam nhép, cung cap mot 16p phong tha manh mé
cho mang O-RAN.

- Tbi wu héa linh hoat va tai cdu tric mang: Hoc sdu co thé phan tich ciu
truc mang hién tai va dé xuét cac cai tién dé t6i wu hoa hiéu suit va linh
hoat ciia mang.

Nguoc lai, viéc str dung hoc sau cling c6 nhiing nhugc diém nhéat dinh:

- Yéu cau dit liéu 16n: Dé dao tao md hinh hoc sau hiéu qua, thuong can mot
luong 16n dir liéu, didu nay co thé 1a mot thach thirc dbi véi viée thu thap
dir liéu mang trong mdt moi trudng O-RAN thuc té.

- Phuc tap trong trién khai: Trién khai va tich hgp mé hinh hoc siu vao mot
hé théng O-RAN c¢6 thé phirc tap va doi hoi su chuyén mén cao.

- Tinh toan va tai nguyén: Huan luyén va trién khai mé hinh hoc sau c6 thé
doi hoi tai nguyén tinh toan va luu trtr 16n, dac biét khi xir Iy dir liéu luu
lugng mang 16n. Pong thoi cling tao 4p luc vé phan cing luu trir dit lidu
dé tinh toan dé huin luyén bdi mang truy nhap vo tuyén thong thudng cd
kich thudc tuong d6i 1on va thay doi lién tuc theo thoi gian thuc.

- Khoé khin trong dién giai: M6 hinh hoc sau thuong khé hiéu va kho dién
giai, diéu nay c6 thé giy khé khan trong viéc hiéu rd nguyén nhan cta cac
quyét dinh ctia mé hinh.

- Nhan thirc vé& quyén riéng tu: Viéc sir dung dit liéu ca nhan trong huin
luyén mo hinh hoc siu c6 thé dit ra cac van dé lién quan dén quyén riéng
tu va bao mat dir liéu.

2.2.2 Str dung hoc sau trong quan ly tai nguyén mang truy nhap vo tuyén
me

Bai toan dat ra: Nghién ctru vé viéc tich hop phan chia chirc ning trong O-

RAN va cac lat mang d md ra canh ctra méi dé t6i wu hoa tai nguyén mang va cung
cap QoS tét hon cho ngudi ding cudi. Bé 4n ndy nham muc dich giai quyét viée t6i

rru hoa viée phan bo bing thong trong mang dam may O-RAN bing cach xem xét cac
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khac biét vé& yéu cau chinh giita cac lat mang 5G, eMBB va URLLC va cac lat thoai
thong thuong.

Céc cong trinh trude day vé toi wu hoa tai nguyén dé chia sé bang thong [16]
dua trén O-Cloud bién don (DU-CU don) nhung khong c6 tinh di dong cuia UE. Tuy
nhién, ving phu séng 5G RU dugc biét dén 1a thap hon dang ké so véi mang di dong
4G. Pham vi phu song cua thap di dong 5G giam xudng dudi 300 mét dbi véi phd
Séng milimet (mmW) [17], day 1a chia khoa dé cung cap két ndi cuc nhanh ma 5G
htta hen. Dé cung cép kha nang t6i wu héa gan nhu thuc té trén 5G O-RAN, giai phap
Q-Leaning dugc dé xuit dé xem xét tinh di dong ctia UE trong nhiéu Pam may O-
Cloud bién véi mét cau tric lién két O-Cloud cuc b duy nhat [15]. Viéc 10ng ghép
thuat toan vao cac bd diéu khién non-real-time cé thé cai thién viéc toi wu hoa bang
thong trung gian dugc chia sé bdi cac lat mang khac nhau.

Bing 2. 1: Bing cdc tham sé

Thong sé6 | Kich c& Mb ta
i€l | S6 UEs
jed J S6 O-Cloud bién
a€A A Khoéng thay d6i bang thong
keK K Lat bang thong
teT T Khe thoi gian
VEV Vv Téc d6 di chuyén cia UE

Pé chimg minh rang ddy c6 thé 1a giai phap cho vin dé& di xac dinh, Q-
Learning dugc chon lam thuat toan sir dung. M6 hinh ¢c6 thé tim ra hanh dong t1 vu
can thue hién bang cach tra ctru bang Q dé tim gia tri Q t6i da tir MDP hiru han. Trang
thai ciia UE va DU c6 thé d& dang duoc dich sang khong gian trang thai ctia bang Q
dung chung. Bang 2.1 x4c dinh céac ky hiéu duoc sir dung trong dé 4n, bao gébm UE i,
DU j, v.v.

At) = {a]-t,k eA|jelJ, keK-} (2.1)



26

K
zk_oa;k —0, vied, eT 2.2)

Budc hanh dong: O muc a},k mdi gidy trong md hinh Q-Learning thé hién sy
thay d6i bang thong Ab; dbi voi 1at mang k tai thoi diém t trén DU j trong cdng thirc
(2.1). Téng sb thay doi bang thong tir tit ca cac 1at mang phai bang 0 nhu c6ng thirc
(2.2). N6 can thiét cho budc hanh dong vi bang théng duoc cb dinh trén mot giao
dién duong truyén vat Iy va duoc chia sé boi tat ca cac 1at mang. Ngoai ra, diéu kién
nay con gitip quan 1y kich thude ciia bang Q bang cach tao co hdi giam yéu cau thanh
K — 1 1at. C6 thé hiéu 1a bo diéu khién thuc hién mot hanh dong budc nho a bang
cach thém hoac loai bo mot phﬁn tram gidi han bang thong khéi mot 1at mang k duogc
xéac dinh trong Bang 2.2. K§¥ thuat nay ciing c6 thé ngin bang Q c6 cac cip trang thai
hanh dong 16n chua duge xem. Pham vi hanh dong quyét dinh duong cong hoc tap
cia mo hinh. Khi mé hinh thay d6i it hon 10% thi s& mat nhiéu thoi gian dé hoi tu.
Mit khac, khi mé hinh sir dung cac thay ddi tich cuc hon, tit ca bang thong s& duoc
gan cho 1at muc ti€u qua nhanh va khong hoc dugc cac kha nang khac. Do do, viéc
thay doi bang thong cong hodc trir 10 phan tram cho mdi hanh dong sé& giup dam bao
gilt cho bang Q ¢ kich thudc hop 1y.

Bing 2. 2: Khodng gid tri cdc bién

Cac bién | Mién gia tri Mo ta

al) K S6 UE st dung lat k trong DU j

b{ ) [0, 100]% Bing thong dugc phan bo cho lat k ciia DU j

uf) [-10, 10]% | Phén trim bang thong dugc phan bo thay do6i cho lat k
cua DU j
Sj(t) = {{bx 'k € K}, {ufi;'|k € K}} (2.3)

Budc trang thai: Trang thai S; cua mdi O-Cloud bién j bao g6m hai bo dit liéu

trong so dd dé xut, bang thong bjt,k tinh theo phan trim va sb luong UE duoc két ndi

u;k tir mdi 14t k trong O-Cloud bién j. Do chudi hanh dong trang thai duoc x4c dinh
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trong MDP, trang thai S;(t) tai thoi diém t 1a két qud cua hanh dong A(t — 1) truée do
duogc thyc hién tai thoi diém t — 1.
Budc phan thuéng: Phan thudng ddu ra trong thiét ké bao gdbm hai phan, tiéu

cuc va tich cuc. Do do, chung c6 thé dugc tinh todn va can nhac mot cach doc lap.

1néubf, <L
N;(D) = — NEH Dk = (2.4)
0, con lai
kek

BO= ). (udFi + sauBli+ s3.Dip) (25)

R;(t)= w,P,(t) + w,N;(t) (2.6)

Phan 4m cua phuong trinh (2.4) danh mot lugng bing thong tdi thiéu L cho

mdi 1at mang k. Do d6, giao dién trung gian duoc chia sé s& ¢ mot phan nho bing
thong dugc phan bo cho mdi lat dé xur 1y cac yéu cau mdi dén tai thoi diém t + 1.
Diéu nay co thé gitp tranh viéc phan bd toan bd bang thong cho (cac) lat mang duoc
yéu thich hon hodc ¢6 nhu cau cao hon tai thoi diém t, trong khi 1at mang it dugc yéu
thich nhat khong ¢ bing thong dugc phan bo bai non-real-time RIC. N6i cach khac,
UE tham gia trén mot phan mang it dugc yéu thich hon s& khong bi ket trong hang
doi mai méi do toan bd bang thong bi chiém badi (cac) phan mang duoc yéu thich hon.

Bing 2. 3: Bing phin thuiong

Dir liéu chay thoi gian | Mién | M6 ta
D}k N* | Téc d6 dir liéu trung binh cta lat k cua UE i
B N* | Thong lugng cta lat k ctia DU j
Fix N* | Bing thong du cua lat k ctia DU j

Phuong trinh phan thuéng dwong (2.5) duoc tinh bang ba thanh phan trong
Bang 2.3. Muc dich cta phan thudng 13 khuyén khich phan bd bing thong dé yéu
thich mot phéln duoc nhdm muc tiéu. D]-t'k tinh toan tdc do dit liéu trung binh ctia UE
sir dung 14t k tai thoi diém t. B]-t’k la thong lugng cua lat mang k dugc st dung trén O-

Cloud bién j. Cubi cung, viéc sir dung bang thong duoc danh gia cho mot lat mang k
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trén F;k. Hé s ty 1€ s dugc trién khai dé can béng tung tinh ndng trong chirc nang
phan thudng cia ching t6i trong cing mot pham vi ty 18. Do d6, ba thanh phan nay
déu quan trong nhu nhau va mot thanh phan & quy mé nhé hon s& khong bi pha lodng
hodc bo qua.

Ham thudng tong phuwong trinh (2.6) bao gdm phan duong ctia phuong trinh
(2.5) trir di phan 4m cta phuong trinh (2.4). Hé s trong sé w ciing dugc xem xét va
an dinh cho timg phan thuéng. Vi vdy, sau nay chung ta c6 thé kiém soat duoc yéu
t6 nao quan trong hon yéu t6 nao.

Dbi v6i Q-Learning, ngoai cac budc trén con can luu y ddi voi gid tri cia bang
Q. Bang Q 1a biéu d6 tra ctru luu trit gia tri Q. Nhiing gi tri Q d6 duoc tinh tir phan
thudng trong giai doan huan luyén. Sau khi bang Q duoc dién, ¢ thé tim kiém hanh
dong t6i wu dé thuc hién dua trén gia tri Q duoc anh xa tir trang thai trong thtr nghi¢m
hodc thuc tién thuc té. Tuy nhién, c6 mdt s6 han ché d3 biét khi c6 hodc st dung bang
Q. Vi du: bang Q yéu cau nhiéu bo nhé luu trit; néu khong, né s& nhanh chong vuot
qua gi6i han. Ngoai ra, néu toc do hoc cao, co thé bang sé tréng ¢ hau hét cac phan.
N6i cach khac, bang c6 thé c6 hau hét cac phan chua dugce xem. Do d6, mot s6 phuong
phap giam tht tu dugc ap dung dé gitt cho kich thude bang Q hop 1y va hoat dong
tot.

Pau tién, ching t6i dé xuat chia sé bang Q giita cac O-Cloud bién. Bang Q c6
thé duoc xac dinh véi cac trang thai va hanh dong chung dé cac DU tir cac O-Cloud
bién khac nhau cap nhat va tra ctru twong rng. O-Cloud cuc bd tap trung manh mé
hon s& luu trir va quan 1y bang Q. Gia dinh nay c6 thé dugc dua ra do cac cai dit moi
trrong mang tuong tu dugc ap dung cho O-Cloud bién trong O-Cloud cuc bd.

Phuong phap thtr hai 1a gidm tha tu kich thudc trang thai trén cac 1at mang.
Th nhat, ba 14t mang dugc coi la eMBB, URLLC va thoai, chia s¢ cung mot giao
dién duong truyén trung gian trén O-Cloud bién j trong Phuong trinh (2.7). Do d9,
bang thong cua lat cudi ciing c6 thé dugc tinh toan dé dang trong phuong trinh (2.8).
Thi hai, kich thudc cta sb luong nguoi ding cé thé dugc giam xubng. Ky thuat sir

dung chirc ning xép hang hodc chirc ning budc duge gidi thidu bang cach dém hang
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chuc hoac hang tram nguoi dung moéi bude dua trén quy mé ngudi dung trén moi 14t
mang.

Bj = {Thjx|k € K~} 2.7)

k-1
bie = B — 2; b,
ik j { o1 iK

Cubi cung, bang thong ¢ ca trang thai va hanh dong c6 thé dugc biéu thi bang

ke k} (2.8)

phan trim (%) dé giai quyét cac thang bang thong khac nhau dugc sir dung giit cac
O-Cloud bién. Vi du: mét tram nho hon c6 thé c6 tong bing théng 200 Gigabyte dé
chia s¢, trong khi tram kia c6 bang thong 1 Terabyte.
2.3 Két luan chwong 2

Trong chuong 2, dé an da khai quat vé hoc sau, cic thuat toan noi tiéng cia
hoc sdu va tng dung cua chdng. Viéc ap dung hoc sdu vao mang O-RAN vdi cac uu
nhugc diém tng véi timg tng dung. Pong thoi, phan sau cta chuong 2 di gidi thiéu
chi tiét thuat toan Q-Learning, mdt thuat toan hiéu qua dugc st dung trong quan 1y
tai nguyén mang. Pay ciing 13 co s dé thuc hién moé phong s& dugc hoc vién trinh

bay cu thé va dua ra danh gia cu thé trong chuong 3.
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CHUONG 3: MO PHONG VA PANH GIA HIEU NANG

3.1 Kich ban mo phéng

T ndi dung cac chuong 1 va 2 da dugc néu, chuong 3 s€ tap trung vao viéc
xay dung mot kich ban mé phong kha niang quan 1y tai nguyén mang, cu thé 1a tai
nguyén bang thong cho mang O-RAN khi str dung hoc sau.

3.1.1 Théng sé cho O-Cloud

Mot O-Cloud Bién co6 K 14t mang. Mdi 14t duoc gan cho bj,k bing thong theo
ty 1€ phén trdm. Cac lat mang dugc trién khai 1a eMBB, URLLC va Voice.

CAu tric lién két bao gdom mat hinh lyc giac t6 ong 7 6 véi sau O-Cloud Bién
¢6 hinh luc giac nho xung quanh O-Cloud Cuc bd ¢ trung tam véi Non-RT RIC duogc
hién thi trong Hinh 3.1. O-Cloud Bién bao gdm mét cip RU-DU. O-Cloud Cuyc bd bd
sung CU cung véi cap RU-DU. Do do, cau trac lién két co téng cong 7 RU, 7 DU va

1 CU 1a c4u trac lién két mang tap trung.

O-Cloud Bién l

O-Cloud Cuc bd ]

DU +CU Kiéu di dong ciia UE

—

BFngvén  BDibd

Hinh 3. 1: Mé hinh mang O-RAN sir dung dé mé phong
Céc lat mang khac nhau c6 yéu cau luu luong cu thé. Bang 3.1 dit toc d6 luu
luong ban dau ciia UE méi khi UE két ndi véi O-Cloud bién gan d6 duya trén 1at mang

dugc gan nhan cta nd. Phan dudi cung cua Bang 3.1 x4c dinh téc dd t61 da ma UE
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¢6 thé nhan dugce tir O-Cloud bién. Phan eMBB nhidm dén tdc d6 dinh cao, ty 18 ban
dau cua nguoi ding eMBB cao hon cac loai nguoi ding khac va téc do tdi da ciing
khong bi gi6i han; trong khi cac phan khac khong yéu cau toc d6 cao nhét thi téc do
ban dau lai thdp hon. Tuong tu ddi voi téng dir lidu trén mdi yéu ciu, nguoi ding
eMBB yéu cau nhiéu dit liéu hon nhitng ngudi khac. Néi chung, mé hinh sé ting tdc
d6 truyén trén mdi UE thém mot GB mdi gidy néu c6 sin bing thong dé chi dinh. Cac
thong sb trong Bang 3.1 s& duoc nap bang cac dong léch d6i véi timg CU va DU
trong md hinh mang. Tdc d6 ban du cia timg UE khi tham gia mang déu sé& dit nhu
nhau, tuy nhién toc d6 trung binh s& thay d6i dan qua timg lan huén luyén.

Bing 3. 1: Toc d§ cdc ldt cit mang

Bién Don vi
Téc d6 ban dau eMBB 1GB/s
Téc d6 ban dau URLLC 100 MB/s
Téc d6 ban dau thoai 100 MB/s
Téc do t6i da eMBB N/A
Tdc d6 t6i da URLLC 5 GB/s
Téc d6 t6i da thoai 1 GBI/s

3.1.2 C4u hinh cho UE

Bing 3. 2: Logi UE va téc dé twong ting

Loai UE Toc do (km/h)
Dung yén 0
Pi bo 0-10
Xe 10-120

Phén phdi Poisson duoc sir dung trén mién thoi gian dé tao sy kién UE méi
nham dua tinh ngiu nhién vao thuat toan RL. Mot UE s& duoc gan ngu nhién cho
mot 1at mang va mdt loai chuyén dong doc lap. Trong qua trinh mé phdéng, UE di

chuyén tu do trong mang O-RAN va yéu cau dir liéu ctia mot 14t mang nhét dinh tir
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O-Cloud Bién gan d6. O-Cloud Bién gin d6 duoc chon dé thiét 1ap két ndi dua trén
thir hang khoang cach va sb luong nguoi dung duogc két nbi.

a. Tinh di dong cuia UE

Céc UE ban dau dugc phan phdi ngiu nhién v6i phan bd Gaussian 13 vi tri ban
dau cua chung. Cac UE s¢ di dén dia diém méi mdi gidy dua trén tdc do nhét dinh
duoc xac dinh trong Bang 3.2.

Téc d6 di chuyén sau ddy cho ting loai UE trong Bang 3.2 duoc cho bai. Pon
vi dugc trinh bay trong yéu cau 13 km/h. Trong qué trinh thuc hién, toc d6 di chuyén
dugc chuyén doi thanh mét trén gidy. Quy wéc nham diéu chinh tt hon thang thoi
gian dugc st dung trong budc hanh dong va budc dap tng, tat ca déu duoc thyc hién
hoic tinh toan moi gidy.

b. Toc do dit ligu cua UE

Trong khi UE di chuyén trong O-Cloud, toc do di liéu ciia UE thay doi khong
chi bé1 bang thong dugce chi dinh ma con boi khoang cach cua nd so véi tam cua O-
Cloud Bién duoc két néi noi dit RU. Mi quan hé giira tbc do dir liéu va khoang cach
nhan duoc bi anh hudng boi Mat do cong sudt tan sé vo tuyén (RF) (Cong thirc 3.1)
trong [13] va Dinh ly Shannon-Hartley (Cong thue 3.2) trong [14].

__ PxG
" 4TIXR2 (3.1)
C=Bxlog, (1+2) (3.2)

Cong suit tin hiéu thu S dugc tinh bang céng suat may phat P; mic ting cong
suat G trén khoang cach R%. Mat d6 ning luong c6 dang hinh ciu ba chiéu (47R?).
Dung luong kénh C trong (5.2) 1a toc do dir liéu UE 1y thuyét. B 1a bing thong cta
kénh tinh béng hertz. S/N 1a Ty 1€ tin hi€u trén tap am (SNR). S 1a cong suét tin hiéu
thu dugc va N 1a cong suét nhiéu. Do do, toc do dit liéu di ctia UE i dya trén khoang
cach R cta nd t&i O-Cloud duoge két ndi ¢ thé duoc tinh toan dé dang. Noi1 cach khac,
téc do dir liéu cua UE giam khi UE di chuyén khoi O-Cloud Bién dugc két nbi. Viéc
xem xét su suy giam toc do dir liéu nay c6 thé duoc mé rong hon nira sang van dé

chuyén giao giira cac O-Cloud trong tuong lai.
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Ngoai ra, Phuong phap tham lam dugc ap dung dé phan bd bang thong tinh cho
mdi UE dé ting hiéu suat ciia md hinh. Néi cach khac, néu O-Cloud Bién c6 nhiéu
bang thong tréng duoc phan bo cho 1at k, bd diéu khién sé& ting toc do dir liéu UE Vik
thém 1 Gigabyte mdi gidy cho dén khi UE i hoan thanh viéc truyén y; GB tir dir liéu
dugc yéu cau ban dau .
3.1.3 Cau hinh thuit toan Q-Learning
Bing 3. 3: Théng sé cho Q-Learning

Thong s6
Tbc do hoc () 0.1
Hé s6 suy giam (y) 0.9
Hé s6 phan i € 0.01
Gia tri € toi thiu (g,,) 0.01

Cai dat Q-Learning duoc hién thi trong Bang 3.3. M6 hinh sir dung tdc d6 hoc
cham (o) 1 0,1 dé gid tri bang Q thay d6i rat nho qua ting tap va hé sb suy giam dién
hinh (y) 14 0,9 dé két qua ting tap duoc danh gia co gid tri gan trong duong cho cic
tap trudc d6 cho phuong trinh Q-Learning (3.3) [22]. Phuong trinh ndy nham t6i wu
hanh dong tiép theo dua trén gia tri cua budc hién tai. Cach tiép can tham lam dong
dugc trién khai trong phuong trinh (3.4) [23] dé tinh xac suét tham do (g). Gia tri 16n
hon gitra gia tri € hoac € t6i thiéu nhét dinh cua tap dugc st dung. Gia tri € trén mdi
tap duoc tinh bang cach ldy gia tri ham mii ctia hé s6 phan rd 4m nhan véi tap thi i.
Do d6, gia tri € dugc st dung s& nam trong khoang tir 1 dén ¢,,,;,, (Phwong trinh (3.5)
[23]. Phuong phap kham pha nay sé& bat dau qua trinh dao tao vdi nhiéu gia tri hon va
két thic b?lng viéc ¢o duogc nhiéu két qua hon. Cac gia tri cia € dugc chon 1a 0.01
nhim dam bao tinh ngau nhién duoc lwa chon it tir d6 tap trung két qua dwa theo gia

tri ciia bang Q trong cac tap trudc do.

Q(sp,a;) < (1 —a)Q(sy,ar) + a[rt+1 +ymax A Q(st+1,A)] (3.3)



34
o= max(smin’ e—(decay * episode))) (34)
St g, <e<l1 (3.5)

3.1.4 Thiét 1ap thir nghiém
Bing 3. 4: Thiét lip UE

Thiét 1ap s6 UE Trung binh Cao diém
UE cho eMBB [100, 200, 300, 400, 500]
UE cho URLLC 500 1000
UE cho thoai 1000 500

Pé chimg minh rang mé hinh Q-Learning c6 thé sir dung bing thong trong
nhiéu tinh huéng khac nhau, sé lugng UE ting 1én trong mang giita céc bo thir nghiém
khac nhau dugc hién thi trong Bang 3.4. Su gia ting ctia UE c¢6 thé cho thiy hiéu suat
ctia md hinh tir hoat dong mang nhan roi dén hoat dong mang ban roén. Xem xé&t cac
nhém thir nghiém va duogc kiém soat, cac UE cua lat mang duogc nhidm muyc tiéu,
eMBB, tang thém 100 UE tir 100 UE 1én 500 UE gitra cac bd thir nghiém khéc nhau.
Céc 14t cit mang, URLLC va thoai dugc kiém soat c6 s6 luong UE ¢ dinh. CAu hinh
UE véi 500 UE URLLC va 1000 UE thoai dugc cdu hinh cho truong hop luu luong
trung binh. Cau hinh UE véi 1000 UE URLLC va 500 UE thoai dugc dit cho truong
hop luu luong cao diém. Pé danh gia mé hinh va hiéu sudt & cac mirc do cao diém,
dé an da tién hanh chay mo phong gdm 1000 tap trén tat ca nam bo eMBB UE.
3.1.5 Duwong co s&

Bing 3. 5: Théng s6 dwong co sé

Béang thong (%) eMBB URLLC Thoai
Cén bang 40 30 30
Tép trung vao eMBB | 90 5 5

So v6i md hinh Q-Learning, hai b dudng co s¢ phan bd bang thong dugc tao

trong Bang 3.5. Cau hinh Can bang phan bo bang thong mdt cach cong bang giita cac
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lat mang va chi dinh thém 10% bang thong cho lat eMBB vi eMBB dugc biét dén voi
yéu cau luu luong truy cép cao hon. Pudng co s con lai, Tap trung vao eMBB , cung
cip 90% bing thong cho phan eMBB va hai phan mang con lai chia sé 10% bang
thong con lai dé dap tng yéu cau téi thiéu.
3.2 Cong cu mo phong
Pé an nay sé& xay dung mo phong dya trén Python dé tai tao mot méi truong
O-RAN bao gdm cac thiét bi ngudi dung nhw hinh 3.1. St dung thuét toan Q-Learning
chay bang Python dé twong tac tryc tiép vi moi truong mo phong. Ung dung dé chay
mo phong
- SimPy [19]: Pay 1a mot thu vién mé cho phép tao va bicu dién cac biéu
thirc todn hoc phtrc tap, giai cac bai toan toan hoc, thyc hién céc tinh toan
ky phéap sd va phan tich cac biéu thirc toan hoc. Mot méi trudng 1y tudong
dé xir Iy tudn tur cac cac yéu cau tir UE giri dén cac O-Cloud bién. Ngoai
ra, mot s6 tai nguyén dung chung dugc cung cap dé trién khai hé thong xép
hang va chia s¢ bang thong. Tai nguyén uu tién dugc chon dé xép hang cac
yéu cau két ndi UE bang cach xem xét cac murc d6 vu tién khac nhau cho
ting 14t mang va giai phong chung khi qu4 trinh truyén két thiic. Vi dy: UE
yéu cau két ndi URLLC c6 thé két ndi voi DU trudc cac loai yéu cau khac.
Ving chira, mot loai tai nguyén dung chung khac, dugc chon dé quan ly
bang thong dugc chia sé lién tuc, noi c6 thé giam sat bing thong trung gian
dang sir dung va ngudi dung. Khung nay ciing cung cip cac chirc ning
giam sat va tung budc dé thuc hién hanh dong hodc doc trang thai ctia UE
hoic O-Cloud bat ky ltuc nao. RIC sau d6 sir dung rat nhidu chirc ning giam
sat va dong vai tro 12 tac nhan trong Q-Learning dé quan sat trang thai va
dap ung tr moi truong.
- OpenAl [20] tao ra moi truong MDP trong d6 tac nhan thyc hi¢én hanh
dong dua trén cac trang thai ciia méi trudng va méi trudng sé cung cip cac
trang thai méi va dap mg tra lai cho tac nhan. Dé tiy chinh cac tham s6

Q-Learning, g6i GYM [21] tir OpenAl duogc chon vi n6 ciing duge viét



36

bang Python. G6i GYM cung cdp kha ning tiy chinh tir cac trang thai,
hanh dong va dap ing ban dau dé tao lai mo hinh Q-Learning MDP theo y
mudn.

- M5 hinh két hop: Cac goéi SimPy, GYM va OpenAl c6 thé xép chong va
tuong tac t6t v6i nhau vi chung déu tuan theo thuc hanh Lap trinh huéng
d6i tuong (OOP) dugc viét bang Python. SimPy tao mdi truong mang.
GYM xac dinh trang thai, hanh dong va dap tng & mdi diu thoi gian.
OpenAl cung cip méi trudong thyc hanh Q-Learning ciing nhu co s cia
céc thuat toan hoc sau khéc, co thé duoc tich hop trong tuong lai. Nhu da
néu & trén, moi trudng mang dang chay trong mot nhém gom 7 bo dinh
tuyén bang cach hinh thanh mang cé dang luc gidc. C6 thé mo rong kich
thudc ciia mang vi céac bién mang do 1a tap hop dau vao dé tao dbi tuong
cua don vi logic trong mo6 phdng.

- Matplotlib: La mét thu vién cai thém dé co thé xuat két qua dudi dang hinh
anh boi két qua sau khi chay Q-Learning thuong s& cho ra cac bang s6 lidu

theo tirng tap

Tong két lai, kich ban mé phong dua ra mot mé hinh t6 ong voi 7 O-Cloud
nhu Hinh 3.1. Céc tham s dau vao duoc thiét 1ap trén PyCharm voi tdc dd cac thiét
bi 1a ngau nhién, dua vao Bang 3.2 dé cac O-Cloud xac dinh 1a loai thiét bi gi. Su
dung thuat toan Q-Learning v&i 1000 14n huan luyén dé theo ddi sy thay d6i vé biang
thong dugc CU va cac DU phan bo cho ting thiét bi. SO lugng thiét bi nguoi ding
duogc ting dan trong hai trudng hop cu thé 1a khi trung binh va khi cao diém tir 100
thiét bj dén 500 thiét bi. Dé so sanh hiéu qua st dung bing thong khi thuc hién mé
phong s& sét viéc phan bd bang thong véi hai duong co s& véi mirc bang thong dugc
phan bb tinh cho timg 1at mang lan luot 1a 40% va 90% cho embb. Déi voi urlle va
thoai s& chia déu phan bang thong con lai. Lugng bang théng yéu cau vai tig 14t cho
cac duong co so s& khong thé vuot qua cac muic quy dinh khi nhu cau vé bang thong

tang cao trong toan mo hinh mang. Pong thoi, hai tham sb vé chét lugng dich vu duoc
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dua ra so sanh dé lam rd hon vé hiéu qua viéc quan 1y bang thong khi st dung Q-
Learning.

3.3 Thue hién m6 phéng va danh gia

3.3.1 Thuc hién mo phong

600 -

Ln
(=]
o

Dap rng tich lay
8

56 wrgng EMBB UE
300 1 100
200
— 300
200 - —— 400
— 500

f:l 260 460 . 660 BCIIO 10I00
EPs huén luyén
Hinh 3. 2: Sw hji tu dap irng trong qud trinh hoc
Hinh 3.2 cho thdy dudng cong hoc tip cua cac kich ban eMBB khéac nhau.
Puong cong hoc tip dugc vé bang cach tich lily dap tng theo thoi gian cho 1000 tap.
Trong giai doan hudn luyén, dap tmg tich lily duoc ghi lai sau mdi 1an ldp va mat
trung binh 50 1an 13p cho mdi diém dir liéu. Nam duong cong hoc tap duoc vé dé thé
hién kich ban cua ting ngudi ding eMBB. Gia tri Q t6i uu duoc tim thiy trong
khoang 400 tap duoc hién thi trong Hinh 3.2, noi cac duong cong hoc tap hoi tu. Su
hoi tu ciia dap ung tich lily chirng té mé hinh c6 thé hoc héi tir méi truong O-RAN
mo phong. Vi vdy, md hinh di sin sang dé tién t6i giai doan thir nghiém. Giai doan
thir nghiém so sanh két qua Q-Learning voi duong co so cta cing sd lugng ngudi
dung eMBB trong cuing mot kich ban. Nhu dé dé cép trong Bang 3.5, dudng co s& ¢6
bang thong tinh dugc phan bo cho timg 1at mang. Thoi lwgng md phong duoc dat

thanh 120 giay dé thu thap két qua tir dudng co s¢ va mé hinh Q-Learning.
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Hinh 3. 3: Phén bo bing théng trong qud trinh huén luyén
Pé danh gia xem mo hinh Q-Learning duoc dé xut c6 thé diéu chinh theo cac
ludng luu lugng thay ddi trong méi trudng mang moé phong hay khong, Hinh 3.3 12
anh chyp nhanh tr m6 phong dang chay dugc tao tir mét trong cac O-Cloud & bién.
Hinh nay hién thi bing thong duoc phan bo giita cac 14t khac nhau, mic sir dung hodc
nhu cdu bang théng thuc té cua timg 14t va sb lugng ngudi dung trén mdi 1at. S lidu
thong ké cua lat eMBB c6 mau xanh lam & cot bén trai. URLLC c6 mau vang & cot

gifra. Phan thoai c6 mau xanh luc ¢ cot bén phai.

Hang dau tién hién thi dung luong bang théng duoc phin bd cho mdi lat mang.
Phan eMBB duoc phan bd nhiéu bang thong hon theo thdi gian, trong khi phan
URLLC va phan giong n6i nhan duoc it biang thong hon theo thoi gian. Hang tht hai
ctia hinh hién thi phan trim mirc sir dung dya trén bang thong duoc phan bo. Viée
tang bang thong khong lam giam nhiéu ty 18 st dung eMBB, nghia 1a thong lugng

tang 1én cho mdi UE. Hang thi ba 1a s6 lwong nguoi dung duoc két ndi vai O-Cloud
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cho mdi 1at, phan anh nhu cau luu lwong cua timg lat. Ty 1& phan trim sir dung ting

hodc giam twong tng v6i su thay d6i vé sb luong ngudi ding.

3.3.2 Két qua va phén tich

Trong kich ban Luu lwong trung binh, cac tham sé duoc kiém soat 1a 1000 UE
sir dung Voice slice va 500 UE URLLC duoc dit trong Bang 3.4. Khong ¢ phan nao
trong s6 hai phin mang nay du kién sé tiéu thu nhiéu bang thong hon phan eMBB.
Trong cac hinh dudi ddy, ching ta ¢6 lugc d6 mau tiéu chuan cho timg lat mang.
eMBB ¢6 mau xanh lam, URLLC sir dung mau cam va phan giong néi hién thi mau
xanh luc. Trong phan sir dung bang thong Hinh 3.4, két qua dugc nhom theo sb luong
ngudi dung eMBB tir trai sang phai. Trong m&i nhém, ba thanh tir trai sang phai biéu
thi két qua co ban can bang, két qua eMBB Focus va két qua Q-Learning.

100
embb_base40
urllc_base40
voice_base40
ey 807 embb_based0
g) mm urllc_bases0
_g- B voice_base90
w el urllcQ
E’ N voiceQ
«Q
£ 40
(o))
-
]
o
=3
S 20 1
I_
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=] Qo =] Qo =]
o =] (=] s (=]
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S6 Iwong EMBB UE
Hinh 3. 4: Bang théng sir dung khi trung binh

Puong co sé Can bang cho thiy rang phan bb tinh gi6i han biang thong eMBB

& gia tri nhat dinh trong khi mot luong 16n bang thong ¢ cac phan khac khong duoc

st dung. Hinh 3.4 minh hoa rang dudng co s can bang cung cip d bang thong cho
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ngudi ding 100, 200 va 300 eMBB trong c4u hinh Luu luong cao. Tuy nhién, cach
tiép can bang thong can bang tinh nay khong phu hop véi nguoi dung eMBB ting
cao hon. Thong lugng eMBB d3 dat dén gidi han bang thong 40% va khong thé ting

thém.

Sau khi thiy phan eMBB bj gidi han bang thong tinh trong dudng co sé cin
bang (embb_base40, urllc_base40 va voice base40 lan lugt 14 ti 18 bang thong cho
duong co so 40 cua embb, urllc va thoai), duong co s¢ tap trung eMBB
(embb_base90, urllc_base90 va voice base90 lan luot 14 ti 18 bang thong cho duong
co s0 90 cua embb, urllc va thoai) s€ céi thién va chi dinh 90% bang thong cho eMBB
vi céc yéu cau eMBB duoc cho 13 s& doi hoi bang thong trong mang. Theo két qua
cua kich ban co so nay trong Hinh 3.4, lat eMBB nhén du bang thong trong khi nguoi
dung ting s6 lugng eMBB. Tuy nhién, su danh d6i 1a cac lat mang khac khong thé
yéu cau thém bang thong tir mang, mic du 1at eMBB c¢6 bang thong chua duoc st

dung trong cac tinh hudng it yéu cau vé luu lwong hon & phia bén trai ctia Hinh 3.4.

Sé luong EMBB UE

embb_base40

urlle_base40
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Mit khac, mé hinh Q-Learning (embbQ, urllcQ va voiceQ lan luot 14 ti 18 bang
thong cho thuét toan Q-Learning cta embb, urllc va thoai) ¢ thé ty dong gan cac
phan khong st dung bd sung tir cac 1at mang khac cho 1t eMBB trong khi yéu cau
eMBB ting tir 100 nguoi ding 1én 500 ngudi dung. Pong thoi, cac 1at khac c6 thé
nhan du bang théng duoc phan bo trong khi bing thong chua sit dung ¢6 sin trong
mang. Trong kich ban c6 t6i da 500 ngudi dung eMBB, m6 hinh Q-Learning cé thé
cung cip phan b bang théng hop 1y cho ting 14t mang bang cach hy sinh mot phan

bang thong eMBB va chia sé né voi nhitng ngudi khac.

Khi s6 lugng eMBB UE thap, dudng co so cin bang, embb_base40, c6 thé
quan 1y su gia ting nhu cau URLLC ciing nhu mé hinh Q-Learning. Tuy nhién, dudng
co sO tip trung eMBB, embb_base90, cung cip phan bo bing thong bio hoa cho lat
URLLC. Pung nhu mong doi, bang théng 5% duoc phan bo cho URLLC duoc ngudi
ding URLLC cao hon sir dung hoan toan trong cau hinh luu lugng truy cp cao chi
v6i 100 eMBB UE dugc hién thi ¢ phia bén trai ctia Hinh 3.5. Di chuyén vé phia bén
phai ciia Hinh 3.5, dudng co so can bang khong du dé cung cip du bang thong cho
lat eMBB. Pudng co so tap trung eMBB khong bao gio nd lyc nhiéu hon dé chia sé
bang thong toi 1at URLLC. M6 hinh Q-Learning cb gang tim ra su cong bang trong
viéc chia sé bang thong giita cac 1at URLLC va eMBB bang cach hy sinh mot s6 bang
thong eMBB nhiéu hon c4u hinh Luu lugng trung binh.

Nhin chung, két qua tir trudng hop Luu luong truy cap cao di néu bat nhiing
khac biét da biét giira hai dudng co sé va mo hinh Q-Learning. M6 hinh Q-Learning
¢ xu hudng coi trong yéu té can bang trong khi van duy tri phan bo bing thong cao
trén lat eMBB muc tiéu.

Téc d6 dir liéu UE va thoi gian truyén (thoi gian két thiic) d6i véi cac yéu cau
dir liéu tinh 1a hai chi bao t6t thé hién QoS va QoE cuia UE do giai phap Q-Learning
dé xuat ciia chung toi cung cip. Trong phan sau, két qua so sanh gitta hai duong co
50, dudong co s& Can bang va tap trung eMBB ciing nhu phuong phép Q-Learning

dugc dé xuat vé mat trai nghiém cua UE.
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Hinh 3. 6: Téc dé dir ligu trung binh truwong hop lwu lwong trung binh
Niam nhom trong Hinh 3.6 tir trai sang phai thé hién su gia ting s6 ngudi ding
eMBB trong thtr nghiém dugc chi dinh ctia chiing t61. Ba thanh mau khéac nhau trong
mdi nhém c6 cac nhan sau, base40, base90 va glearn. Nhan base40 trong thanh mau
xanh biéu thi két qua cho dudng co so cin bang vi no chi dinh 14t cit eMBB véi bang
thong 40%. Thanh mau cam, base90, biéu thi két qua cua dudng co s tap trung

eMBB. Puong ké mau xanh 1 ciy 1a két qua cia Q-Learning.

Hinh 3.6 hién thi phan b6 toc d6 dir liéu nguoi dung cia mang trong céu hinh
Luu luong giita. Biéu do vi cAm mau xanh tir duong co so can bang cho thdy dan sb
it hon & tdc d6 dit liéu cao hon ca dudng co sé tap trung eMBB va két qua Q-Learning.
Mait khac, cac duong ké ctia mo hinh Q-Learning va duong co so tap trung eMBB 0
két qua tuong tu vé ca tée do dir lidu tdi da (toc do cao nhit) va cac quan thé phu.
Nhu phan tich duoc trinh bay trong phan toc d6 dir liéu UE ¢ trén, dudng co so tip
trung eMBB, base90, co6 lugng dir licu tdc do cao 16n hon mét chat so véi md hinh

Q-Learning vi m6 hinh Q-Learning chia sé mot s bang thong véi lat URLLC. Mot
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diéu can luu ¥ trong Hinh 3.6 14 thanh ngang nho trong biéu dd 1a dudng trung binh
ctia phan b dir liéu. Puong co so tip trung eMBB ludn c6 gia tri trung binh cao nhat
s0 v&1 hai mo hinh con lai. Gia tri trung binh ctia m6 hinh Q-Learning khac nhau gitra

gia tri trung binh cua hai duong co so6.

Két qua Luu luong truy cép cao diém duoc hién thi trong Hinh 3.7. Cac két
qua cho thay xu hudng tuong tu 1a dudng co so can bang ¢ hau hét quan thé toc do
dir liéu ¢ phia dudi. Co so tap trung eMBB cho thay kha ning cung cap QoS tdt cho
nguoi dung eMBB bang cach duy tri toc d6 cao nhat 1én téi 500 nguoi ding eMBB
va mirc trung binh cao nhét trong s6 hai mé hinh con lai. V&i nhu cau URLLC cao

hon, toc d6 cao nhat va toc do trung binh trén Q-Learning hién giam xubng khi ngudi

dung eMBB tang lén.
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Hinh 3. 7: Toc dp div liéu trung binh trwong hop cao diém
Thoi gian truyén 13 mot chi s6 khac cia QoE. No6i chung, néu mot mé hinh ¢
thé hoan thanh qua trinh truyén nhanh hon véi cling lugng dit liéu ma UE yéu cau thi

mo6 hinh d6 s& cung cap trai nghiém tai xudng tt hon cho ngudi dung. Trong két qua
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sau, thoi gian truyén dugc so sanh riéng 1¢ trén cac lat khac nhau va ciing duoc cong
lai thanh tong murc trung binh. Tir trai sang phai, chiing ta c6 5 nhém gidng nhau bang
cach ting 100 ngudi dung eMBB, bét dau tir 100 ngudi dung, nhu mo ta trong Bang
3.4. Mbi lat sir dung cing mot mau nhu trong hinh trén. eMBB ¢6 mau xanh lam,
URLLC ¢6 mau cam va giong ndi ¢6 mau xanh luc. Mau tim mai dugce gidi thiéu dé
thé hién téng thoi gian truyén trung binh. Cac thanh mau gidng nhau tir sang dén tdi
biéu thi dudng co so can bang, duong co so tap trung eMBB va két qua Q-Learning.
Dé so sanh két qua mot cach chinh xac, yéu cau dit lidu str dung cac gia tri tinh khac

nhau tuy thudc vao loai lat mang cua no.

Khoang théi gian clia eMBB
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Hinh 3. 8: Thei gian truyén ciia UE khi lwu Iwong trung binh
Trong c4u hinh luu lwong trung binh, thdi lvgng yéu ciu eMBB ¢6 mau xanh
lam ting 1én khi cé nhiéu ngudi ding eMBB tham gia mang & hang trén cing trong
Hinh 3.8. Thoi gian truyén ting cham hon trén duong co so tip trung eMBB va mé
hinh Q-Learning so v&i dudng co s& Can bang khi ting s6 lugng ngudi ding eMBB

gitra cac dot kiém tra. Nhu dd néu trude do, Q-Learning dugc biét 1a chia sé nhiéu
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bang thong chua sir dung dén 1at URLLC hon eMBB. Vi Q-Learning c6 it bang théng
dugc phan b cho eMBB hon nén thoi gian truyén trén mo hinh Q-learning cao hon
mot chut so voi duong co sé tap trung eMBB.

So sanh thoi gian truyén cua lat URLLC duoc hién thi bang mau cam, duong
co s can bang thuc sy mét thoi gian hoan thanh ngin hon so véi Q-earning trong
Hinh 3.8. Nguoc lai, dudng co sé tip trung eMBB c6 hiéu suit kém nhit dang ké
trong viéc hoan thanh qua trinh truyén ddi véi cing mot luong dir liéu ma cac UE
URLLC yéu cau so voi hai mé hinh con lai. Hiéu suat khong mong mudn nay 1a do
bang thong tdi thiéu 5% duge phan bo cho 1at URLLC.

Céc thanh mau xanh lyc & hang th ba trong Hinh 3.8 hién thi thoi gian
truyén cta doan thoai. Pudng co s¢ va md hinh Q-Learning c6 két qua tuong tu vé
thoi gian truyén luu luong thoai. Hang dudi ciing mau tim ctia Hinh 3.8 13 tong
duong truyén trung binh bt ké cac lat mang. M6 hinh Q-Learning ¢ thé hoan
thanh qua trinh truyén nhanh hon hai duong co sé con lai, dac biét khi tiép can 500

nguoi dung eMBB.

Khoang eMBB
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Hinh 3. 9: Thei gian truyén ciia UE khi lwu lwong cao diém
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Trong c4u hinh Luu lugng cao diém, thoi gian truyén tir 1at eMBB dén tong
thoi gian trung binh trong Hinh 3.9 theo cung th ty trong Hinh 3.8. C6 thér thiy,
dudng co s6 tap trung eMBB c6 thdi gian truyén ngin nhit do bang thong dugc phan
b6 nhiéu nhat cho viéc st dung eMBB. Thoi gian truyén eMBB ting dang ké di voi
dudng co so can bang. Trong mo hinh Q-Learning c6 mau xanh dam, thoi gian truyén
eMBB ting chdm hon so v6i duong co sé Can bang nhung nhanh hon dudng co so
tap trung eMBB. Nguoc lai, dudng co s6 tap trung eMBB c6 thoi gian truyén URLLC
cao dang ké voi chi 100 eMBB UE trong mang. Pudng co sé can bang c6 thoi gian
truyén URLLC tinh giita s6 lugng eMBB UE khac nhau. M6 hinh Q-Learning c6 thé
cung cap thoi gian truyén URLLC ngan nhét. Két qua ndy minh hoa sy can bang giira
thong luong eMBB va thoi gian truyén URLLC. Céc thanh mau xanh biéu thi thoi
gian truyén cua doan thoai. Cac mé hinh nhin chung c6 két qua twong ty. Cudi cling,
tong thoi lwong trung binh ¢ mau tim cho thiy dudng co sd can bang ting cham theo
thoi gian. Puong co so tip trung eMBB hoat dong kém nhat véi it nhu cau eMBB
hon. M6 hinh hoc Q lai cung cép thoi gian truyén ngin nhat.

3.3 Két luan chwong 3

Trong dé an, mot mé hinh Q-Learning duoc dé xut dé phan bo dong bang thong
duong trung gian dugc chia sé gitra cac lat mang vadi khai niém phan chia chirc nang
O-RAN hién c6. Bé chimg minh diéu ndy, mot trinh m6 phong dua trén Python duoc
phat trién dé tiy chinh méi truong Q-Learning va mang di dong bién 5G. Chuyén
dong cua UE voi cac toc o khac nhau. Pé ngian UE vuot qua gidi han va ting thém
d6 phtc tap cho viéc md phong va danh gia, mot cau tric don gian dugc dé xuat voi
lién két nhidu O-Cloud, tao thanh dang t6 ong gdm 7 O-Cloud va 6 O-Cloud bién bao
quanh mot O-Cloud cyc bd. Trinh md phong dugc viét bang Python, vi hau hét cac
thu vién cho DL méi nhét ciing dugc phat trién bang Python. Méi truong dé chay
thuat toan Q-Learning tiy chinh duoc trién khai trong géi python OpenAl va gym.
M6 hinh di tuan thu chit ché cac quy tic cia MDP. Bang Q chira sé lugng UE va
phan trim bang thong clia cac lat mang dudi dang trang thai va sy thay doi phan tram

bang thong dudi dang hanh dong. Pap tng duoc xay dung dua trén cac khai niém vé
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bang théng, muc st dung va ngudng tdi thiéu. Bén canh do, xét cac yéu td nhu tde
d6 trung binh dit liéu va thoi gian truyén dugc xét dén v6i muc dich 1am rd kha ning
phan bd bing thong c6 hiéu qua khéng chi vé mit bang théng cip cho ting thiét bi

nguoi dung ma con ddm bdo cac yéu to vé chat lugng.
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KET LUAN VA KIEN NGHI

Sau thoi gian nghién ctu va thuc hién dé an tét nghiép, cac két qua hoc vién
d3 dat dugc nhu sau: Thir nhét, gisi thiéu tong quan vé lich sir hinh thanh va phat
trién ciia mang truy nhap vo tuyén bang, sy ra doi ciia O-RAN nhu mot 18 tat yéu
phuc vu cho 5G khi cac cong nghé 4o hoa thanh phan va chic ning mang ngay cang
phat trién, hoan thién; Thtr hai, su phat trién cua tri tué nhan tao véi cac thudt toan
hoc mady, hoc sdu ap dung trong cac bai toan t6i wu, quan 1y va giam sat tai nguyén
mang 14 mot trong nhirng diéu rat duoc quan tim; Thi ba, dé an da xay dung mot mo
hinh mang O-RAN co ban dé thyc hién mo phong trong hai truong hop trung binh va
cao diém giup thiy ré kha ning phan bd bing thong linh hoat, ddm bao can bang va
t61 wu hon khi c6 su thay doi s6 luong thiét bi ngudi ding trong mang.

Pé thuc hién mo phong, dé an da sir dung Pycharm ciing cac ma ngudn md,
cac g6i GYM va SymPy ciing nhu Open Al dé hd trg tao moi truong mo phong ding
Vo1 yéu cau dit ra ban dau. Bén canh d6 1a thu vién Matplotlib dé thé hién két qua
bang hinh anh truc quan thay cho cac trudng sd liéu.

Huéng phat trién cia dé an 1a viéc sir dung thém nhiéu cac dudng co sé khac
dé co6 thém su so sanh va danh gia kha niang phan bo bang thong c6 t6i wu hon so véi
nhiéu cac phuong phap dang c6 hién nay khong. Bén canh dé, cac yéu td dé danh gia
su hiéu qua theo QoS hay QoE 1a rat nhiéu nén c6 thé tich hop cung dé xét trong
nhiéu céac truong hop phire tao hon... Vi ma ngudn mé va dé dang trong cai dit cac
g6i hd trg co thé mo rong dé an trong cac bai toan cho céac tai nguyén khac hodc két
hop xét nhiéu yéu td trong ciing mot kich ban. Ngoai ra, st dung két hop nhiéu cac
thuat toan khac nhau trong hoc may ciing dem lai hiéu qua trong cac quyét dinh cho

hé thong trong qua trinh trién khai sau nay.
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