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LOI CAM POAN
T6i xin cam doan, luan van nay la cong trinh nghién ctru khoa hoc thuc thu cua
c4 nhan, dugc thuc hién dudi su huéng dan khoa hoc cua TS. Nguyén Van Thuy.
Cac s liéu, két qua nghién ciru va két luan duoc trinh bay trong luan van 1a
trung thuc va chua duoc cong bé dudi bat ky hinh thirc nao.
T6i xin chiu trach nhiém vé cong trinh nghién ciru cua minh

Hoc vién

Phan Hoang Tién



LO1 CAM ON

Loi dau tién, toi xin chan thanh cam on TS. Nguyén Vin Thay — Hoc vién
Cong nghé Buu chinh Vién thong, ngudi di truc tiép hudng dan t6i thuc hién luan
van. Véi sy huéng din cung cap tai liéu, dong vién cua Thay da gitp toi vuot qua
nhiéu khé khin vé chuyén mdn trong sudt qué trinh thuc hién luan van.

Tai xin chan thanh cam on Ban Giam déc, Ban Chu nhiém Khoa Sau Pai hoc
va Khoa Cong nghé Théng tin, cling cac Thay, Co da giang day va quan 1y dao tao
trong suét hai nim theo hoc tai Hoc vién Céng nghé Buu chinh Vién thong.

T6i xin chan thanh cam on Hoi ddng chdm dé cuong da gbp ¥ cho dé cuong
luan van.

Cubi cuing, t6i xin cam on gia dinh, cac ddng nghiép, ban bé tai Tong cong ty
vién théng MobiFone da dong vién, tao diéu kién cho toi trong sudt hai nam hoc tap
va nghién ctu.

Xin chan thanh cam on!
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MO PAU

1. Ly do chon dé tai

Véi nhu cau sir dung mang khdng day khong nging gia ting nhu hién nay cac
nha mang vién thdng ludn cai tién va ap dung cac mé hinh mang tién tién dé dap tng
nhu cau sir dung mang khdng day cua ngudi dung. Néu mang 1G la hé théng thdng
tin di dong khong day co ban dau tién trén thé gisi vao khoang thap nién 80, di lam
thay doi thé giai trong viéc két ndi thong tin gitta nguoi voi ngudi, thi mang 5G la
thé hé mai cua hé théng thong tin di dong duoc ky vong ap dung vao nim 2020 v4i
khoang 8 ty luot str dung trén thé gioi [1]. Ngay nay, nho su ting trudng vuot bac
cuia cac thiét bi thdng minh va sy ra doi caa Internet van vat (1oT), mang 5G duoc
hudng dén két ndi moi vat véi nhau. Khong nhu cac mang di dong thé hé trude, mang
5G duoc thiét ké dya trén tap hop cac cong nghé méi c6 hiéu nang cao va dé tbi uu
theo cac chi s6 hiéu suat (KPIs). Cu thé, theo gdc nhin ciia nha van hanh, cac chi s6
KPIs dugc xem xét 1a: hiéu nang mang, chat luong dich vu (QoS), chi tiéu von
(CAPEX) va chi phi hoat dong (OPEX). Mat khéc, theo goc nhin ctia nguoi tiéu dung
c4c chi s6 KPIs chu yéu gom: két ndi lién mach, d6 tré khong dang ké va chi phi dich
vu thap.

Pé tai “Khao sat diéu khién chap nhan dich vu trong mang 5G” nham nghién
ctru va thir nghiém céc ky thuat, thuat ton tu tdi wu chip nhan dich vu trong viéc

nang cao hiéu nang trong mang 5G.

2. Toéng quan vé van dé nghién ciu

Pé giai quyét nhu cau dung luong mang gia ting khong nging, ¢ ba giai phéap
dugc dé xuat: cai thién hiéu suat bang tan cua cong nghé khdng day (3-5 lan), cho
phép phan bo nhiéu bang tan (5-10 lan), trién khai nhiéu nit mang hon (40-50 1an)
hoic bang cach khai thac ca ba cach tiép can noi trén cho phép tong dung luong ting
600-2.500 lan nhu minh hoa kich thudc ting truéng trong mang 5G bén dudi. Su
phtc tap trong hoat dong cua mang ludi 5G trong twong lai s& tang tuyén tinh voi mat

d6 mang ting va d6 phirc tap cua thiét ké phan cting ting[10].
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Minh hoa kich thwéc ting trwong cong suit dw kién trong 5G [10]

Trong bi canh mang khong day phat trién, hé théng mang 5G duoc yéu cau
phai c6 tinh ning tu to chirc dé dam bao loi nhuan cua cac md hinh kinh doanh khac
nhau. Trong bdi canh nay, viéc gidi thiéu mot mang tu to chic (SON) s& cho phép
khai thac cac thuat toan théng minh nhan tao (AI) dé quan ly hiéu qua tai nguyén
mang, cho phép nguoi dung cam nhan dugc két néi lién mach va trong sudt. Do do,
SONSs cho phép giam OPEX (Chi phi hoat dong) véi tinh ning ty cau hinh, tu téi vu
hoa va ty phuc hdi dich vu. Cac hé théng mang hién tai: mang 4G, 3G va tham chi
2G thuong tuan theo hinh minh hoa dudi day. Tuy nhién, cach tiép can SONs nay
chua duoc t6i wu, vi nd khong cung cap cac mé hinh dong dé du doan hanh vi hé
thdng theo kiéu hoat dong truc tiép nham dap (ng cac yéu cau vé do tré nghiém ngat

cua thé hé di dong sap tai [10].
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M6 hinh SON trong mang 2G, 3G va 4G [10]

Mot m6 hinh lam viéc hoat dong cho mang 5G bdi SON dugc mé ta dudi day.
C6 thé thay dix liéu 16n, dugc dinh nghia ngin gon 1a lugng thong tin khong 16 ¢6 san
tir cac ngudn khac nhau ctia mang di dong, 1a tinh ning chinh giup SONs trong twrong
lai khac biét vai cac hé théng di dong trude. Cac nguodn dir liéu 16n cho mang 5G
SONSs ¢6 thé dugc chia thanh ba I6p chinh: dir liéu cap thué bao (vi dy: ty Ié thanh
cdng cudc goi, ty 1é cudc goi hong, chat lugng am thanh, luu lugng IP), dit liéu cap
tram géc (vi du: cong suat nhidu nhiét, cong suat co s¢ kénh) va dit liéu cap do mang
16i (vi du: nhat ky bao dong, ban ghi cu hinh thiét bi, xac thuc). Bén canh viéc thu
thap dir liéu, viéc gidi thiéu cong cu hoc may va phan tich di liéu cho phép chuyén
d6i ty dong tir dix lidu I6n (thd) sang dit liéu dung (cé y nghia). Khi di liéu phu hop
c6 gia tri, cac md hinh hanh vi cua hé thong va nguoi dung cé thé duoc trich xuat va

duoc giri dén bo may SON dé thuc hién cac chirc nang SON thich hop.
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Khudn lam viéc dy kién trong twong lai cho mang 5G béi SON [10]

SON cho phép khai thac cac ky thuat dua trén tri thdng minh nhéan tao (vi du:
hoc may, thuat toan iy cam hing tir sinh hoc, Q-Learning...) dé xir Iy mét cach hiéu
qua cac van dé cua hé thong phic tap quy md 16n.

Trong d6, k¥ thuat tri tué nhan tao duoc chon dé phat trién mot thuat toan kiém
soat ty to chtrc nhap cell cho cac mang 5G. Mat khac, phuong phéap duoc chon khong
thé 1a phuong phép t6i wu trong s tat ca cac giai phap duoc dé cir, nhung da duoc
lya chon theo c4c thugc tinh dé ap dung cua n6 dé phi hop véi hau hét cac quy trinh

tu toi wu hoa.

3. Muc dich nghién ciru

e Tim hiéu tong quan Iy thuyét vé SON va ky thuat dua trén Al dé ty ti uu
hoa trén cac mang khong ddng nhat (HetNets)

e Phan tich ly thuyét vé kiém soéat dau vao cho hé thdng truy cap vo tuyén
nhiéu nguoi dung

e Tir dé, xac dinh thuat toan tu tdi uu hoa phu hgp nhat cho dé tai nghién ctu
va thuc hién

e Phan tich két qua cua thuat toan Al va nghién ctu tinh kha thi caa Al trong
trién khai SON gia thuyét

e Nim duogc céc ki thuat va phuong phap xtr Iy thuat toan trong dé tai.



4. Pdi twogng va pham vi nghién ciru

Déi twong nghién ciu: Hé théng mang tu té chitc SON, st dung tri tué nhan
tao cho mang khong ddng nhat HetNets. Cach thire diéu khién ty chap nhan dich vu
trong mang 5G

Pham vi nghién cuiru: Gidi han trong méi truong mé phong.

5. Phuwong phap nghién ctru

Phuong phap nghién ctu 12 két hop nghién ctu ly thuyét va thuc nghiém.



CHUONG 1: CO SO LY LUAN
1.1. Heé théng mang tw té6 chiic SON
1.1.1. Dinh nghia

Hé thdng mang tu to chirc dugc dinh nghia 13 mot cdng nghé tu dong hoa duoc
thiét ké dé gitp cho viéc 1ap ké hoach, cau hinh, quan Iy, t6i wu hoa va bao tri céc
mang truy cap vo tuyén don gian va nhanh hon.

Véi muc dich 1am rd nhu cau 4p dung SONs cho mang 5G trong tuong lai,
thuat ngir mirc d6 tu do (DoF) dugc gidi thiéu. DoF cua hé théng dugc dinh nghia 1a
s6 lwong thong sb c6 thé tinh chinh trong bat ky mang khdng day nao. Tuy nhién mot
s6 DoF ¢4 ty 1é phu thudc 1an nhau cao.

Viéc trién khai cac cong nghé truy cap vo tuyén méi (RAT) s6 lugng DOF ting

theo cip s6 nhan nhu sau (thang do logarit) [6]

e Hé théng DoF mai = gap 20-30 lan hé thong DoF cil
e Mat d6 hé théng méi > gap 4 1an mat d6 hé thng cii
e DOFmsi/km2=> gap 100 lan DoF.i/km? (gap 2 don vi do 16n)

Mot s6 vi du co ban ciia DoF 1a: cong suat phét, tan s6 séng mang, thoi gian
tré cho dén khi ban giao duoc thuc hién,...

Tuy nhién, khéng chi su gia tang cua DoF ¢6 thé duoc téi vu hoa trong mot
RAT duy nhat, ma con trong tat ca cac cong nghé co sin dang hoat dong cling mot
ldc (vi dy: GSM / UMTS / LTE / LTE-A). Tai thoi diém nay, khai niém vé cac mang
khong dong nhat (HetNets) phat sinh.

HetNets duoc dinh nghia 13 mot mang khdng day chia rat nhidu RAT, dinh
dang 6 va nhiéu khia canh khéc, nham két hop chiing dé van hanh mot cach lién mach
minh hoa hinh 1.1. Do d6, DoF ting dang ké véi cac HetNets dang phat trién va do

d6, xac suat moi thir trg nén sai (vi du nhu su ¢6 nging hoat dong, 16i chuyén giao).



Billions of subscribers, trillions of objects
Seamlessly connected and fully integrated

With femtocells, the DOF
increases significantly!

Hinh 1.1: Minh Hea mang HetNets [6]

SONs nham giam thiéu hiéu qua cua DoF trong HetNets va cai thién kha nang
mé rong cua toan bo hé théng, bang cach giam chi phi vong doi (O / CAPEX) va toi
vu hoa hiéu suat mang vé tuyén trong qué trinh hoat dong. Hinh 1.2 minh hoa tac
dong cua viéc st dung cac chuc nang cta SON trong cac giai doan khac nhau cua

quy trinh 1am viéc cua nha khai thac mang khong day dién hinh.

Self-configuration functions Self-optimization and energy
reduce CAPEX saving functions reduce OPEX

I 1 1 1

Maintenance

i1

Self-optimization and self-healing
functions improve user experience

Hinh 1.2: Tac ddng cia cac chire ning SON dén quy trinh van hanh khong day
dién hinh [6]
C6 ba yéu t6 quan trong ciia SONS Ia:

e C4c yéu td tur tri: Vi s6 luong tram gdc (vi du: NodeBs hoac femtocell phat trién

tai nha) sé it nhat gap bon Ian khi thuc hién 5G, can phai ciu hinh va quan ly ching véi



su twong tac it nhat c6 thé cua con ngudi, nhd d6 giam chi phi chi tiéu va vén, tir quan
diém caa céc nha khai thac mang.

e C4c yéu té caa tri théng minh/nhan thirc: Mot hé thdng duoc coi 1a thdng
minh, néu nd c6 thé hoat dong trong diéu kién khéac véi thiét ké ban dau [6]. Mot hé
thong binh thuong khdng phi hop véi cac mang 5G sap téi vi hé thdng khdng thdng
minh. Do d6, SONs duoc yéu cau phai thich ¢ng, hoc hoi va xay dung tri thdng minh
trén cac quan sat di ton tai.

e C4c yéu to cia sur toi wu: SON phai dugc tdi uvu du DoF 1on. Vi du, SON ¢6
thé c6 mot cong nghé vat 1y RF vuot troi nhung hoat dong kém hiéu qua do quan Iy
tai nguyén kém, do d6 hiéu suét tré nén khdng téi wu.

1.1.2. Cdu tric
CAu trdc cia SON duoc thé hién trong hinh 1.3 va duoc mé ta ngan gon nhu
sau:

(1) Pia phwong héa: Van hanh SON ty dong dya trén thdng tin thuan tdy
ctia nut vat Iy thu va phét cac tin hiéu eNodeB1 va cac thiét bi nguoi dung (UEs) duoc
lien két voi (H) eNB. Mot vi du vé tinh ning SON chay qua mét cau tric cuc bo 1a:
mot UE guri yéu cau téi eNB thong qua céc chi sé chat lwong lién két rang né c6 mot
cudng do rat yéu. ENB lién quan s& dua ra quyét dinh dia phwong vé viéc ha cap chi
s6 diéu ché, co nghia 1a khong can thiét phai lién két dén mot thiét bi trung tim duogc
dit cach xa hang tram cay so.

(2) Phan tan. Van hanh SON tu dong dua trén thong tin dugc trao ddi véi
thanh phan mang & ria mang. Mét vi du cu thé dé 1am rd cho viéc sir dung cu tric
phan tan sé& 1a tinh nang SON cuia can bang tai: néu mot eNB phan tan dwoc tai rat
nhiéu, nd cé thé giri eNB lan can yéu cau tinh trang vé tai luu lugng. Néu yéu cau
thuan loi, eNB Ian cin c6 thé ban giao mot sé nguoi dung cho cac 6 duoc yéu cau.

(3) Tap trung. Quyét dinh van hanh dua trén thong tin hé théng kha hoan
chinh. Chirc nang thudng tap trung gan hon véi cac nit mang bac cao. Mot thuat toan
SON tbi vu dugc yéu cau dé quan ly mot lwong 16n thong tin dugc thu thap va trich

Xuat cac két luan c6 ¥ nghia vé trang thai cia mang.



(4)

SON. N6 thuong 1a cach tiép can phu hop nhét cho nhiéu tng dung, vi né xu ly tbt

H&n hop: 1a su két hop cua céc cac cau tric trén trong viéc van hanh

cac uu diém cua sy trao doi giira cac cau tric noi trén,
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Hinh 1.3: Bon cip dé thuc hién SON [6]

MJi céach tiép can cau trac déu c6 nhitng wu diém va nhugc diém riéng. Hinh
1.4 tom tit cac dic diém chinh cua cac muac d6 van hanh SON ¢ trén va so sanh giira
chung. Céc tinh nang cua SON theo hudng céc kién tric cuc bo nhanh hon rat nhiéu
vé mit thuc thi, vi khdng can phai cung cip thong tin cho cac thiét bi trung tim. Hon
nita, ca hai cach tiép can phéan tan va dia phuong hoa it bi anh huong dén diém that
bai duy nhat. Mit khéc, chuyén sang cac cau trdc tap trung, cac nha khai thac mang
di dong (MNO) c6 thé thu thap mot luong thdng tin khong 16 vé trang thai mang cua

ho, déng nghia vai viéc ho co thé dua ra quyét dinh tbt hon.

faster & less prone to “single point of failure”

info from number of cells/RATs

Centralised Distributed Localised
™ ™
Itipl 1}

z:z I&,e,: en:"m“ normally ca. 2 cells adv. RRM

Ll uses OAM | uses x2 | small impact on n_cells
multi-vendor/multi- multi-vendor (X2) short term statistics
RAT
C— N——— C——
P e e —
self-configuration handover opt. scheduler opt

i COVerage optimisation i l02d balancing i Link adapt. opt
(load balancing) RACH opt RACH opt
C———— C—— Ce————

Hinh 1.4: Trao doi giita cac Kién tric SON dwoc dé xuit [6]
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1.1.3. Cac chirc nang tw lam viéc

Céac chtc nang tu lam viéc con dugc goi la cac tinh nang 3GPP SON, duoc
trinh by ngin gon nhu sau:

Muc dich chinh cua SONSs Ia tich hop lién mach vao viéc 1ap ké hoach, ciu
hinh va t6i wu h6a mang thanh mot qué trinh ty dong duy nhat, doi hoi su can thiép
thi cong ciia con nguoi 14 téi thiéu trong vong doi ciia mang. Do d6, viéc gisi thiéu
cac tinh nang cua SON nhu hinh 1.5 s€ cho phép cac nha khai thac di dong giam chi
phi hoat dong khi giam thiéu céc 15i cua con ngudi. Cu thé hon, ¢ ba chirc nang tir
lam viéc chinh dugc dé xuat bai 3GPP [20]:

e Tuwcau hinh: Tu dong héa cac quy trinh lién quan dén cac tram géc
méi duoc trién khai, chang han nhu tu tai xudng cac tham sé cau hinh 1a phan mém
va xac thuc cua chling s& duoc nhan ra va dang ky ngay 14p tic, bén canh viéc diéu
chinh céc théng sb cua ching cac tram 1an can sau d6 ciing ti dong diéu chinh cac
thong s6 k¥ thuat cua chung (nhu cong suat phét xa, do nghiéng cia ang-ten,..) dé
cung cp viing pha séng va cong suat can thiét dong thoi tranh nhidu. Hon nita, trudc
quy trinh noéi trén, budc ty 1ap ké hoach (vi du nhu xac dinh vj tri tram) thuong dugc
xem xét trong tinh nang ty cau hinh,

e  Tuw tdi wu héa. Kha ning ciia mang dé tiép tuc cai thién hiéu suat cua
nd vé mat phu séng, cong suat va chat lugng dich vu, bang cach toi wu héa cac cai
dit mang khac nhau, c6 tinh dén cac dic tinh radio, dong lrc giao thdng va nhu cau
ctia ngudi dung, trong sé cac khia canh khac. Nhiéu truong hop st dung tu téi vu hoa
duoc dy tinh cho cac mang di dong trong twong lai, nhu dwgce dé xuat boi 3GPP, chu
yéu tap trung vao céc khia canh lién quan dén can bang tai, thich tmg dién, bao tri
vung lan can va quan ly di dong hoac cac du an dugc thao luan trong SOCRATES /
NGMN , trong d6 t6i wu hoa QoS (vi du kiém soat dau vao, kiém soat tic nghén) 1a
chu dé nghién ctu chinh. Mét truong hop st dung minh hoa 1a tu dong tat mot phan
trim céac tram trong gio dém. Tram lan can sau d6 s& ciu hinh lai cac tham sé cua

chung dé gitr cho toan bo khu vyc duoc bao pha tin hiéu. Trong trudng hop nhu cau
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két néi tang dot ngot vi bat ctr 1y do gi, cac tram ‘dang ngti’ thirc day gan nhu ngay
lap tac, tiét kiém ning luong cho cac nha van hanh mang.

e Tu phuc hdi. Thiét lap cac quy trinh dugc thiét ké dé cho phép bao tri
lién tuc va cho phép mang tu khéi phuc. Trong thuc té, t dong tai cau hinh duoc coi
la mét tinh ning quan trong cua tu chita I15i trong HetNets. Bang cach nghién ciu
hanh vi cia ngudi ding va quan sat nhitng thay do6i caa diéu kién mang, HetNets s&
y&u cau tu cau hinh lai trong thai gian thuc ma khong can cham dut dich vu di dong.
Khi mot sé nat trong mang khéng hoat dong, cac co ché tu phuc hdi nham giam tac
dong tir su ¢, vi du bang cach diéu chinh cac tham sb va thuat toan trong cac o lién

ké dé cac nat khac ¢ thé hd trg nguoi dung thay cho nit hong.

Failure
Neighborhood

Planning self-healing | Maintenance Localization
Outage
g ﬁ Power

. — Mobility
Setting [:> HetNets [:> Monitoring Signal Quality

Traffic
self-configuration @
Coverage
Capacity
Cell coverage estimation ~ self-optimization bl Bandwidth
Optimization
Cell deployment Interference

Authentication Handoff
System update
Parameter adjustment

Hinh 1.5: C&c chirc ning tw lam viéc cho HetNets
1.1.4. Piic diém
Tu t6 chac 13 mot co ché tién tién cho phép ty dong hoa cac hoat dong trong
mang nham muc dich:
e Giam chi phi t6 chirc va diéu hanh mang.
e Ting toc qué trinh hoat dong.
e Bao vé mang ludi hoat dong bang cach giam cac 13i can thiép caa con
nguoi trong qua trinh xu ly.
SON c6 thé cai thién hiéu suat mang va chat lugng dich vu cho nguoi ding.

SON dugc chuan héa bai 3GPP. Muyc tiéu quan trong cua tiéu chuan 3GPP 1a kha
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nang hd tro cic tinh ning SON trong mdi trudng mang cua nhiéu nha van hanh mang.
Vi vay, méot phan quan trong trong viéc chuan hoa SON d4 dugc danh cho viéc xéac
dinh cac giao thic thich hop dé cho phép trao doi thong tin théng thuong, co thé dugc
str dung boi mdi thuat toan SON. Céc thdng s ki thuat SON duoc xay dung trén cau
trGic quan tri mang 3GPP c6 san. Cac giao dién quan 1y dang duoc xac dinh mot cach
tong quat thay vao dé 1a sy d6i méi vé viéc trién khai nha van hanh khac nhau.
Mot phién ban caa SON cung cap nhiéu thdng sé ki thuat mang va hoat dong

dong thoi véi cac mang di dong hién cd. N6 bao gom cac tinh nang:

e Tu dong kiém k.

e Tuy dong truyén tai.

e Ty dong tuong quan.

e Ty dong chuyén nhuong vat Iy Cell ID.

e T4i wu héa chuyén giao.

e Tbi uu hoa can bang tai.

e Lap toa do da chiéu cua Inter-Cell.

e BA&o céo tinh hinh va kha ning t6i vu hoéa.

e Nang cao tinh nang t6i wu hoa suc chiu dung.

e Nang cao tinh d6ng cua can bang tai.

e Nang cao thiét 1ap két ndi Inter-Cell.

e Phét hién su gian doan va su bdi thuong.

e Churc nang ty bao dudng.

e Giam thiéu cac thir nghiém 6 dia.

Tiét kiém nang lugng.

Céc tiéu chuan SON dang duoc xay dyng va SON s& tiép tuc mé rong trong
tuong lai dé tong quat tat ca cac khia canh quan trong lién quan dén quan ly mang

lu6i, bao dudng va téi wu hoa trong nhiéu 16p, cac mang HetNets.
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1.2. Ky thuat tri thong minh nhan tao cho mang HetNet

HetNets dang tré' nén kha kho khan dé giai quyét khi sé lwong tai nguyén mang
lién tyuc ting 1én. K§ thuat tri thdng minh nhan tao (Al) nham khéc phuc nhitng han ché
cua cac hé thdng quy mé 16n va do do, viéc thuc hién chiing s& bd sung tri thdng minh
cho HetNets hién tai va twong lai dé giam su tham gia cua con ngudi, d6 1a mot trong
nhitng muc tiéu chinh ctia SON. Sau dé, cac k¥ thuat dua trén Al ¢6 thé giam dang ké
chi phi hoat dong va vén (O / CAPEX) va t6i wu hoa dung lwong mang, do pha séng
va Chat luong dich vy (QoS) trong HetNets, theo cac tinh nang tu 1am viéc [20].

Cac k¥ thuat tri thong minh nhan tao gép phan 1a muyc tiéu chinh cua viéc bién
HetNets thong minh hon, nhung chung c6 thé kha khac nhau vé mé hinh hoat dong.
Mot s6 duoc ldy cam hang tir cac phat hién trong thién nhién (vi du: Thuat toan lay
cam hing tir Sinh hoc), mét vai trong s6 ching dugc thiic day boi cac cach thic ly
luan caa con nguoi (Vi du: Hé thdng mod) va mot sb khéc dua trén twong tac cuc bo
va hoc tap dua trén phan héi dé quy (vi du: Machine Learning). Phan nay tiép tuc
nghién ctiu vé céac ki thuat Al va tinh kha thi, tim hiéu duoc vu nhugc diém cua ting
loai trong cac (ng dung mang nhat dinh. Cac k¥ thuat dua trén Al c6 lién quan nhat
dang dugc nghién ciu cho trién khai trong HetNets s& duogc trinh bay véi cac phuong
phap dd duogc chon dé thuc hién AC tu to chirc cho thuat toan mang 5G nhiéu ngudi
dung.

1.2.1. Hoc may

Hoc may (ML) 1a mét linh vuc cua tri tué nhan tao lién quan dén viéc nghién
ctru va xay dung cac ki thuat cho phép cac hé thong hoc tu dong tir dit liéu dé giai
quyét nhirng van dé cu thé. Ngay nay, ¢6 rat nhiéu ang dung dwa trén ML thanh cong
trong cac linh vuc khac nhau. Vi duy, cac cong ty ban I¢ thu thap dir liéu mua hang
trong qué khir dé phan tich hanh vi caa khach hang, nho d6 cai thién dich vu. Céc
cong ty tai chinh xem xét cac giao dich trong qua khir dé dy phéng rii ro tin dung
cua khach hang. Hau hét cac tng dung email, khéng xem xét mic d6 phé bién cua

ching, sir dung ML dé quyét dinh xem thu dén c6 nén duogc coi 1a spam hay khong.
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Trong thdng tin sinh hoc, sb lugng dir liéu khong 15 ¢6 sin chi ¢d thé duoc phan tich
va trich xuat bang cach st khai thac dit liéu (data mining) [1].

Trong sb nhiéu k¥ thuat ML, Reinforcement Learning (RL) dugc ldy cam htng
tir tam 1y hoc hanh vi [9], noi mot tdc nhan ¢b gang hoc hoi tir méi trudng cua ndé mot
cach tét nhat dé t6i da hoa hiéu suat hé thong mong mudn (nghia 1a gié tri tich liy,
xem Cong thac 1.1).

RF = rk 4 ypl+l 4 y2pk42 4 o 3pk+3 = i yrrttk (1.1)
t=0

trong d6 R¥ 14 gia tri tich lity tai thoi diém tha k (1an 13p).

rt*k piéu thi gia tri tac thoi thu dugc do hau qua cua viéc thuc hién mot hanh
dong tai phep lap (t + k).

v 1a yéu té giam, trong d6 cac gia tri gan bang 0 co nghia 13 tic nhan cb gang
t6i wu hoa gia tri ngay l1ap tac, trong khi cac gié tri gan 1 xem xét gia tri cao dai han.

Trong mot khoang thoi gian ngan, RL tim hiéu hiéu qua hé thong tac dong dén
mot hanh dong cu thé A, véi muc tiéu duy tri chi s hiéu suat duoc xac dinh P, dua
trén trai nghiém E cu thé, trong d6 hé thdng nham cai thién hiéu suét P trong khi thuc
hién hanh dong A, mét lan nira khai thac trai nghiém E. M6 hinh duoc xay dung c6
thé dua ra cac du doan trong twong lai hoic md ta dé thu duoc kién thic tir dix liéu
hoac ca hai [11].

Hinh 1.6 minh hoa mot chuong trinh téi wu hoa dya trén RL ¢6 thé thuc hién
quy trinh hoc tap néi trén, noi gia tri trc thoi ¢ thé 1a bat ky chi sb hiéu suat dién
hinh (KPI) ndo, chang han nhu ty 1& chin cudc goi hoic ving phi song di dong, tiy

thuoc vao muc dich tng dung.
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Hinh 1.6: Lwoc d6 toi wu héa dwa trén hoc may trong HetNets [20]

Mot ky thuat RL ngay cang nhan duoc su chii y dang ké ca trong cong dong
hoc thuat cling nhu cong nghiép la Q-Learning. Muc dich cua Q-Learning la tim mot
gia tri Chat luong t6i wu (Q-Value) cho bat ky Quy trinh Quyét dinh Markov hitu han
nao (MDP) bang cach t6i da hoa hiéu qua cia cac hanh dong [21].

MDPs cung cap khung toan hoc dé 1ap mé hinh dwa ra quyét dinh trong céc
tinh huéng cu thé, noi két qua 1a mot phan ngau nhién va mot phan dudi sy kiém soat
ctia ngudi ra quyét dinh, nhu dugc minh hoa trong hinh 1.7 (a). Xac suat qué trinh
chuyén sang trang thai méi s’ ciia nd bi anh huong boi ca hanh dong cu thé duoc
chon, ciing nhu bai su chuyén doi von co cua hé théng, duoc md ta chinh thdng boi
X&c suat chuyén doi trang thai P(s’|s, a). Nguoc lai, Q-Learning thiéu kién thic md
hinh chuyén tiép hé théng, nhu trong hinh 1.7 (b). Tuy nhién, Iy do sir dung k§ thuat
RL nay 1a n6 c6 thé so sanh tién ich mong doi cia cac hanh dong sin c6 ma khang

thuc su doi hoi mét mo hinh ctia méi truong.

System/environment System/environment

&

Unknown
P(s'|s,a) @

Actions Rewards Actions Observe, leam, rewards
V(s) = max U(s)+3P(s'|s,2)U(s') Q= old value + learned value

Known
P(s'|s,a)

Hinh 1.7: (a) Quy trinh (MDP) va (b) Q-Learning [11]
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Q-Learning dua trén tién dé chinh sach t6i vu 1 chinh sach lya chon tap hop
cac hanh dong cd gia tri dai han cao nhit. Biéu nay c6 thé dugc thé hién bang toan
hoc nhu sau:

n(s) = argmax,Q(s,a) (1.2)
trong d6 chinh sach m, d6i voi mot trang thai s da cho, chon hanh dong a toi
da hoa gia tri Q-value Q(s, a).

Thuat toan cét 16i caa Q-learning lap di lap lai, cap nhat gia tri Q cho mdi trang
thai dua trén kinh nghiém cua cac hanh dong, goi la gia tri. Phuong trinh dudi day
mo ta thuat toan cho Q-Learning mét budc [3]:

Qs ar) < Qs ar) +n[max,Q(se41,a) — Q(sg, ar)] (1.3)

trong d6 Q(s;, a;) 1a ham Q duoc cap nhat, dya trén trang thai s va hanh déng
a trong phép lap t. Ty I¢ hoc tap 0 < n < 1 xac dinh mtrc d6 thanh vién cua théng
tin mai thu dugc (vi du: n = 1 s& chi xem xét thong tin méi nhat). rt+* dé cap dén
gia tri s nhan duoc boi tAc nhan sau khi chuyén tir trang thai s, sang s;,,. Nhu da
nhan xét trude d6 trong phuong trinh 1.1, y 12 hé s6 chiét khau (0 < y < 1), do d9,
cuing mot khéi niém duoc ap dung. Cudi cing, max,Q(s..,, @) la gia tri cua hanh
dong a duoc wdc tinh dé tra lai tong sb gia tri twong lai 16n nhat, dua trén tat ca cac
hanh dong c6 thé cho trang théi tiép theo s ;.

T6m lai, Phuong trinh 1.3 chi cap nhat gia tri Q hién tai bang cach cong thém sy
khac biét gitra wdc tinh cli va wdc tinh mai cua gia tri tuong lai, nhan vai 1.

Tuy nhién, trong mét sé tng dung tbi wu hoa, cac trang thai lién tuc va khdng
gian hanh dong c6 thé din dén céc tinh hudng cuc ky phic tap. Dé giam thiéu van dé
nay, viéc két hop logic mo trong cac ki thuat RL (vi du: Q-Learning mo) da duogc st
dung rong rai dé loai bo khdng gian trang thai va hanh dong. Do d6, thay vi c6 mot
s6 trang thai va hanh dong khong xac dinh, logic mo giéi han nhitng con sé nay cho
phu hop véi nhitng gi can thiét trong mdi tng dung ma khong anh huéng dén thoi
gian hoi tu cling nhu d6 chinh xac cua cac trang thai.

Mot trong nhitng han ché chinh cua Q-Learning |a thoi gian cin ban can thiét

dé dat duoc chinh sach tét nhat thuong rat dai. Tac nhan nay thuc hién cac hanh dong
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trong subt mdi 1an Iap lai téi wu hoa voi muc tiéu cai thién do chinh xac cua Q-Values.
Ban dau, phai xac dinh chinh séch mic dinh (vi du: chon cac hanh dong ngau nhién).
Sau d6, tic nhan tuan theo chinh sach nay cho dén khi né hoi tu vé gié tri hanh dong
t6i wu Q*. TUy thudc vao do phic tap cua kich ban téi uu hoa, thdi gian hoi tu cao
hon khong thé dat duoc ky vong cua Nha khai thac mang di dong (MNO)

Ky thuat RL da duoc nghién ctru va tién ich ctia no6 da dugc chirng minh trong
tat ca cac chuc nang ty 1am viée da dugc tim hiéu. Mot vai vi du dugc tim thay trong

cac nghién ciru di trude duoc mo ta ngan gon dudi day:

e  Tuwcéu hinh: Do s lugng thiét bi trong HetNets ngdy cang ting, cac
chién Iuoc quan ly nhiéu co6 thé dugc hudng loi tir cac ki thuat RL [12], trong d6 mbi
6 t6i wu hoa cac yéu cau caa khung, thay vi dya vao ciu hinh dugc xéc dinh trude, dat
duoc sy phéi hop can thiép giita cac cell ting cudng thich tng mién. Phuong phép ti
wru hoa nhiéu phan tan twong tu dugc nghién cau [4].

e  Tuw chira 16i: Trong trudng hop nay, viéc hoc ting cuong gilp tao va
cap nhat cac chinh sach mot cach chu dong dé dap ang céac yéu cau thay doi cau hinh
lai bang cach quan sét nhirng thay d6i cua ngudi dung va didu kién mang [23].

e  Tu t6i wu héa: Nhiéu tic vu téi wu hoa duoc dy tinh dé thuc hién
HetNets thong minh hon. Vi du tu t6i vu héa d6 nghiéng va niang lwong cua ang-ten
thong qua twong tac reinforcement learning véi muc tiéu 1a ciing nhau ti wu hoa kha
nang phu s6ng cia mang (CCO). Mot cau tric hdn hop duoc ap dung hinh 1.8 (a),
trong d6 mdi tram phat séng phan tan dé dat duoc sy thich tng nhanh trong khi mot
thiét bi trung tam dam nhan su hop tac cua tdi wu hoa phan tan. Két qua mé phong
cho thay céc ky thuat RL hoat dong t6t hon dang ké hinh 1.8 (c) so véi cau hinh ¢
dinh tt nhat hién c6 hinh 1.8 (b).
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Hinh 1.8: (a) Kién truc lai SON cho CCO, Phan phéi SINR mang mo
phéng theo cac thay doi dot ngot (b) Pé dwoc toi wu héa va (c) Toi wu hoéa [7]
1.2.2. Thugt toan ldy cam haeng tie sinh hec

Cam htng tir nhirng phéat hién thién nhién da dan dén cac phuong phap thuat
toan thanh cong dé d6i mat vai cac van dé ti wu hoa gitra cac nganh nghién ciu khéac
nhau, chang han nhu sinh hoc hé théng hoic vién théng. Hiéu qua cua cac thuat toan
ldy cam huang tir sinh hoc gan lién véi hiéu qua cua céc tinh ning tét nhat trong tu
nhién, dic biét I su lya chon phi hop nhét trong cac hé thdng sinh hoc di phat trién
bang cach chon loc ty nhién [22].

Thuat toan Metaheuristic thuong dugc ldy cam hang tir thién nhién va kha
nang ung dung cuaa ching trong cac chire nang tu lam viéc da duoc (va sé dugc nghién
ctru). C4c thuat toan metaheuristics c6 lién quan nhat dén HetNets bao gom céc thuat
toan tién hoa (vi dy: thuat toan di truyén), tri théng minh Swarm (vi du: Ant Colony
Optimization) va mang noron nhan tao (ANN). Ciing tim hiéu mét trong s6 d6: Thuat
toan di truyén.

Thuat toan di truyén (GA) rat thich hop cho céc van dé téi vu hoa da muc tiéu.
Do d6, HetNets c6 thé huang loi tir GA trong cac van dé vé 1ap ké hoach té bao hoic
t6i wu hoa vi tri nat, noi can phai danh gia mot bo théng sé 16n. N6 da duoc chiing
minh rang GA kha hiéu qua trong viéc giai quyét cac van dé co do phuc tap cao, va
thoi gian can dé hoi tu thanh cac két qua téi wu (hodc dudi téi wu) thuong thap hon

c4c thuat toan lay cam hing sinh hoc khac [18].
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Hinh 1.9: Ludng t6i wu héa thuit toan di truyén (GA) cho HetNets [20]

Hinh 1.9 minh hoa ngan gon quy trinh tdi wu héa chinh dugc thuc hién bai GA
trong cac truong hop HetNets khac nhau [9]:

(1) GA bit dau bang cach tao mot tap hop céc nhiém sic thé ban dau (vi du: cac
tai nguyén HetNet), 1a cac khoi xay dung co ban cua thuat toan.

(2) M&i nhidm sic thé ma hoa mot giai phap cua van dé va gia tri phu hop cua
n6 duoc lién két vai gia tri cua ham hiéu suat da muc tiéu (vi du: nhidu, dinh
tuyén, lap ké hoach, chi phi, ...).

Mot nhidm sic thé bao gom cac gen cé thé duoc biéu dién dudi dang mot chudi
nhi phan hoic sé nguyén. Vi du, nhu minh hoa trong hinh 1.10, ba bit dau tién dai
dién cho ID mang (010) va ba bit cudi cung Ia 1D kénh (110).

Do luong do phi hop (do luong séng con) danh gia tirng nhiém sac thé riéng
Ié bang cach xac dinh mue do ching giai quyét duoc van dé nhu thé nao. D6 phu hop
thudng duoc biéu thi bang mot sé thuc, trong d6 cac gid tri cao hon c6 nghia 1a nhiém

sac thé gan vai giai phéap téi uvu hon
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Hinh 1.10: Anh xa nhiém sic thé Gas dé lwa chon mang va kénh [9]
(3) GA sir dung hai nhiém vy tién hoéa gen dé c6 kha ning tim ra cac giai phéap
t6t hon:

a. Lai giong, con duoc goi 1a sinh san, nham muc dich két hop hai
nhidm sic thé cha me ngau nhién, noi ma cac dac tinh cia chung dugc
trao d6i v4i nhau dé tao thanh mat .3.cap nhidm sic thé con. Vi du, nhu
trong hinh 1.11, hai nhiém sac thé cha me p,va p, két hop va sinh ra hai
nhiém sic thé con ¢, va c,.

Crossover point 1 Crossover point 2

IOP‘MOIIIOIlIOIOIIIONllllﬂllllllhlllllo{lhlINOIOIIIOJ
JOPZMIIIIO[IIONOIIIOIIIO(OMMIIMIIMIOIllMllMOll!O\
JOQIIIOII|0I110\01IIOIIIOIOIIIOIIIOIIIIIOII!IIIIOIOIIM
MQM|1|1\0]1]0|o[1[oh\l\oll[l]lh\lh of1Jo[1JoJo]1]o]

Hinh 1.11: Quy trinh trao ddi chéo 2 diém dé tao ra nhiém sic thé con [9]

b. Dét bién sip xép lai ciu trdc cua cac gen trong nhidm sac thé
mot cach ngau nhién dé mot su két hop méi cua cac gen co thé xuat hién
trong thé hé tiép theo. N6 duoc &p dung cho nhidm sic thé con, thay doi
mét bit nhi phan tir 0 dén 1 hoic nguoc lai. Hanh dong nay ngin can cac
giai phap tdi uu ving.

(4) Thé hé sau ké thira gen cia nhiém sic thé cap trén va loai bo nhiém sic thé
kém thong qua canh tranh. Do d6, chat lugng dan s6 cd thé duoc cai thién sau
mdi mot thé hé.
Tir quy trinh ti vu hoa ndi trén, mot ma gia GA truc quan va don gian hon
trong thuat toan 1.
begin
t < 0;
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initialize population P(t);
evaluate P(t);
while not termination-condition do
begin
t<t+1,
select P(t) from P(t — 1);
alter P(t);
evaluate P(t);
end
end
end
Thuat toan 1: Ma giai GA [17]

Céc thuat toan tién hoa co thé duoc tim thay trong cac nghién ciu trude day
giai quyét cac van dé vé 1ap ké hoach té bao va téi wu hoa vi tri nGt. Muc tiéu 12 téi
da hoa pham vi lién lac ciing nhu tong dung lugng biang thong, dong thoi giam thiéu
chi phi cho vi tri. Tuong tu, cac nghién ciru dé& xuat mot thuat toan da muc tiéu tién
hoa cho lap ké hoach tram goc 4G, trong d6 ving phu song tin hiéu, dung luong hé
théng va chi phi dugc coi 1a chic ning khach quan va su can thiép duogc coi 1a mot
rang budc c6 lién quan. Cudi cing, sir dung GA phén tan dé tu dong téi vu hoa ving
pht séng cua nhdm femtocell bang cach diéu chinh thich nghi cong suat thi diém.
1.3.  Két luan chwong

Chuong 1 giéi thiéu tong quan vé hé théng mang tu t6 chitc SONSs va céac ky
thuat tri thdng minh nhan tao duoc sir dung phd hop véi mang khong déng nhat
HetNets 1a mot trong cac muc tiéu hudng téi cia SON nham giam thiéu sy can thiep
tir con ngudi ting hiéu ning va ting su tdi vu hoa. La cac kién thirc co ban nén tang
dé nghién ctu noi dung chinh cua dé tai.

Tiép theo chuong 2 cua luan van sé& tim hiéu, nghién ctu vé diéu khién dich
vy cho c&c mang vo tuyén, tir d6 dé xuat cac ky thuat Al, thuat toan trong viéc diéu

khién tu chap nhan dich vy trong mang 5G.
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CHUONG 2: PHUONG PHAP CHAP NHAN
DICH VU TRONG MANG 5G

2.1. Piéu khién dich vu cho cac mang truy cap vo tuyén

Mot trong nhitng muc tiéu duoc dé xuat boi hé thong 5G trong tuong lai 1a
giam chi phi vén va chi phi hoat dong. Viéc chia sé co s& ha ting mang di dong gitra
cac nha cung cap dich vu (tic 12 ngudi dung) s& cho phép dat dwoc cac yéu cau dy
kién ciia HetNets, twong ung voi O/CAPEX. Ngoai ra, viéc trién khai cac 6 nho duéi
co s& nhiéu bén thué 13 mét thanh phan quan trong khac duoc gidi thiéu trong hé
théng mang 5G tuong lai. Trong khudn kho nay, viéc thyuc hién cac mo hinh may chi
trung 1ap cung cap Té bao Nho dudi dang Dich vu dugc coi 1a mot cach tiép can dé
kich thich cac té bao nho da diéu hanh [8]. Cac md hinh nay s& cho phép tiét kiém chi
phi thdng qua viéc trién khai nhiéu nha diéu hanh, dong thoi tranh xung dot loi ich
trong cac MNO.

(a) Multi-Operator Core Network (MOCN) (b) Gateway Core Network (GWCN)

LTE eUTRAN Sharing LTE eUTRAN Sharing
Operator A Operator B Operator A Operator B
Core Network Core Network Core Network Core Network
MME MME
MME / MME

\\

Shared
MMEs

S1 Interface | S1 Interface
eNB eNB eNB eNB
Shared Radio eNB Shared Radio eNB

Network a Network

eNB —enhanced NodeB eNB - enhanced NodeB
MME — Mobility Management Entity MME - Mobility Management Entity

Hinh 2.1: (a) Mang I5i nhiéu nha khai thac va (b) Mang 18i cong [24]

Dé cung cip cé4c chic ning chia sé mang trong co s ha ting mang néi tiéng,
hai cau trac chinh da duoc dé xuat bai Du 4n Do tac Thé hé thi 3 (3GPP) [24]. Nhu
dugc minh hoa trong hinh 2.1, Mang 15i da nha van hanh (MOCN) nham muc dich
két ndi truc tiép RAN chia sé v&i mdi mang 18i cua nhiéu nha diéu hanh, trong khi
Gateway Core Network (GWCN) xem xét mot mang 16i chia sé thay thé. Tuy nhién
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cach tiép can GWCN c6 chi phi it hon so véi MOCN, nhung né c6 tinh linh hoat it

hon, do d6 c6 thé 1am giam mirc d6 phan biét giita cAc nha van hanh.

2.1.1. Kiém soét diéu khién nhdp cell nhiéu nguwoi ding

Admission control (AC) 1a mot qué trinh xac nhan trong cac hé théng thong
tin lién lac, trong d6 viéc Kiém tra duoc thuc hién trudce khi mot két ndi duoc tao 1ap.
Viéc kiém tra nay nham xem thir cac tai nguyén hién tai co dap ung cho két ndi duoc
dé nghi hay khong.

Kiém soat diéu khién nhap cell chiu trach nhiém chap nhan hoic chin céc yéu
cau dich vu méi. Sy phan chia tai nguyén vo tuyén giita nguoi dung lién tuc dugc
kiém soat & cap AC. AC quyét dinh céc dich vu méi c¢6 duoc nhap vao cell d6 hay
khdng. Céc dich vu chuyén giao thudng dugc wu tién hon so véi cac dich vu méi. Boi
vi cac dich vu dang dién ra néu bi ngit thi s& gay nhiéu phién toai cho ngudi sir dung
hon 14 so véi viéc dich vu méi khdng thé duoc thuc hién. Do d6 cac thuat toan diéu
khién nhap cell ¢6 gang dua ra cac uu tién dich vy chuyén giao hon 1a cac dich vu
méi. C4c thuat toan cin ctr quyét dinh cua minh vé sb luong tai nguyén can thiét dé
dam bao QoS yéu cau cua dich vy méi va sé luong tai nguyén ma cé san. N6 dam
bao rang QoS cua céac dich vu hién tai duoc duy tri bang cach tir chéi cac dich vy dén
ma khong di nguén luc ¢ san.

Xem xét mot RAN nhiéu ngudi ding, noi mot nha cung cap ha tang trién khai
mang riéng ciia minh duoc chia sé bai nhiéu ngudi ding, mé hinh chia sé va céac khia
canh k§y thuat va hoat dong ciia n6 s& dugc mo ta chi tiét théng qua Thoa thuan mirc
dich vu (SLA) giira nha cung c4p ha ting va tirng dbi twong nguoi dung.

RAN cung cap cac dich vu truyén dir liéu dé trao doi thong tin giira Thiét bi
nguoi dung (UE) va mang 161 di dong, duoc goi la RAB (Radio Access Bearers) trong
UMTS hoac Evolved-RAB (E-RAB) trong LTE. Hon nita, dich vu dir li¢u End-to-
End c6 thé cd mot s thudc tinh QoS nhat dinh (vi du: d6 tré truyén, toc do bit tbi da

hoic téc do bit duoc dam bao) [2].
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Chtrc ning AC cho RAN nhiéu nguoi ding, duoc thuc hién tai mai 6 lién quan,
xé4c dinh liéu y8u cau cua co sé cua mét RAB méi c6 dugc chap nhan hay bi tir chéi.
Quyét dinh nay nén duoc thyuc hién bang cach xem xét ba yéu té chinh: viéc st dung
tai nguyén tong thé trong mdi 6, cac yéu cau QoS cua cac RAB di hoat dong va cac
yéu cau ciia mot yéu cau RAB méi.

Thuat toan AC nhiéu bén thué dugc dé xuat, s& duoc trinh bay chi tiét trong

phan tiép theo, duoc xay dung dya trén cac cAu ménh d¢é sau day:

e  Nhu dugc quy dinh trong diéu khoan SLA, nang lyc dugc giao cho bén
thué yéu cau thiét 1ap RAB phai duoc xem xét trong quyét dinh dong y/tir chéi.

e Quyét dinh dong y/tir chdi phai tinh dén viéc sir dung khdi tai nguyén
thuc té (RB) thuc té. RBs xac dinh sé luong tai nguyén v tuyén can thiét ¢ 16p vat
ly va do hanh vi ngau nhién cua kénh radio, ching chi c¢d thé dugc udce tinh théng ké.
Do d6, dé quyét dinh liéu cong suat ¢ tang vat 1y c6 dii dé hd tro cac yéu cau vé toc

do bit cia RAB mai hay khéng, viéc su dung RB phai dugc xem xét.

2.1.2. Két qud thugt toan
Cac gia thiét trong phan nay bao gém: N cell dugc gan nhan lan=1, ..., N
duoc chia sé boi S nguoi ding, duge danh sé 1as =1, ..., S. Va AC phai dam bao

rang:

(1) Sbé lwong RB duoc yéu cau boi RAB méi va bai RAB di thira nhan
khong vuot qué sé luong RB ¢6 san trong cell p(n).

(2) Cac RB c6 sin duoc chia sé kha phd bién giira nhitng ngudi ding nha.

Do d6, AC da bén duoc dé xuat sé thira nhan RAB méi néu hai diéu kién tiép
theo (A & B) duoc dap tmg ddng thoi.

A. Kiém tra dung lwong é cap cell

Diéu kién kiém tra niang lyc nay danh gia liéu cell dugc danh gia co du céc
ngudn luc vat ly cho phép nhap RAB méi hay khong. Diéu kién cd thé duogc biéu dién

bang toan hoc nhu sau:
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> pe(s'sm) + 8p < p(n) s () (2.1)

s'=1
trong d6 p;(s’,n) 1as6 RB trung binh caa & thir n duoc gan cho RAB cua d6i
tuong thué tha s.
Ap 12 s lwong RB wdc tinh theo yéu cau cia RAB méi duoc thira nhan va
duoc tinh toan dya trén ty I¢ bit yéu cau Rreq VA toc d0 bit wdc tinh cho mdi RB #(n),

tuong ng:

A _ Rreq 2.2
p—f(n) (2.2)

Thuat ngit cudi cing p(n) «,, (n), co thé duoc tim thay & phia bén phai cua

bt phuong trinh, xac dinh ngudng AC ¢ cip do té bao. N6 xem xét mot phan
., (n) € (0,1] cua téng sé6 RB dugc phan bo trong cell thir n, dé lai mot khoang
thura.

B. Kiém tra cong suat chia cho mdi ngudi ding

Kiém tra nay dit mot giéi han trén cho RBs duoc sir dung bai cac RAB cua
mét d6i twong thué phd hop véi kha ning duoc thoa thuan trong SLA. Trong truong
hop nay, dung luong duge xac dinh bagi ty 1& bit duge dam bao tong hop theo kich
ban (SAGBR), thiét lap ty I& bit tong dwoc dam bao cho tit ca cac RAB cua mot doi
tuong thué.

Sau d6, mirc d6 chia sé cong suat danh nghia cuia mot d6i tuong thué s, C (s),
duoc dinh nghia 1a ty 1é gitta SAGBR(S) trén tat ca cac 6 va SAGBR tong hop cua tat
ca cac d6i tuong thué:

SAGBR(s)

¢s) = 3S,_ SAGBR(s")

(2.3)

Tir tat ca cac thuat ngi duoc dé cap, diéu kién kiém tra cong suat chia cho mai
ngudi ding c6 thé dugc xay dung nhu sau:
pe(s,n) + Ap < p(n) <, (n).(C(s) + AC(s,n)) (2.4)
Diéu kién trén dam bao riang ddi twong thué thir s s& duoc phép sir dung mot

phan nho cac RB trong 6 tha n do C(s) dua ra, cong véi mot thuat ngir bd sung
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AC(s,n) xem xét cong suit kha dung khong st dung con lai béi nhitng ngudi ding
khac.

Thuat ngit AC (s, n)sé& I1a thanh phan quan trong lién quan dén qué trinh t6i wu
hoa dugc dinh nghia la:

AC,(s,n) if AC.(s,n) >0
ACy(s,n) if AC,(s,n) =0

trong d6 AC,(s,n)la cong suat vuot troi o kha nang co san cho nguoi ding

AC(s,n) = { (2.5)

th s trong 6 thir n bat ci khi nao nguoi ding s’ # s dé lai dung luong khong sir dung.
Do d6, ngudi ding thir s ¢d thé nhan dugc mot phan cua cong suat vuot troi nay dé
phuc vu cho luu luong truy cap vuot qua kha nang da thoa thuan duoc ky hop dong
thong qua SLA. Thuat ngit thi hai AC, (s, n) dam bao viéc can bang cong suat trén
tat ca cac 6 theo quan diém da 6.
2.1.3. Pdnh gid higu qud

Céch tiép can AC néi trén duoc danh gia trong mot bdi canh vi mo do thi ngoai
troi, trong d6 mdi 6 c6 moét mang LTE 10 MHz (tuong duong 50 RB). Cac thong s6
mé phong duong downlink dang ké nhat c6 thé duoc tim thay trong bang 2.1. CAc tai
duoc cung cap khac nhau cua mdi déi tuong thué, duoc biéu thi lan luot 12 T1 va T2,
dugc md phong bang cach thay ddi ty 1& dén A trong mdi d.

Bang 2.1: Thong s6 mod phéng

Tham so Gia tri
Khoang cach gitra cac tram 200 m
Do léch chuan 3 dB trong LOS and 4 dB trong NLOS
Tang ang ten tram goc 5dB
Tan sb 2.6 GHz

Cong suat truyén tren mdi RB | 24 dBm

S6 luong RB trén mdi cell p(n) | 50 RBs (1 LTE chuyén 10 MHz)

Nhiéu thiét bi nguoi ding 9dB

Tdc dd bit can thiét 1024 kb/s
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Thoti Iwgng phién Trung binh 30 gidy
Ty 1€ t6i phién M® hinh Poisson véi mé phong A khac
a(n) 1

Dung luong duoc quy dinh trong SLA lan luot 1a SAGBR(1) = 25 Mb/s cho
ngudi dung 1 va SAGBR(2) = 37 Mb/s dbi véi ngudi ding 2. Cu thé, bbi canh md
phong xem xét tong sé N =2 6, trong d6 tong cong suat méi 6 duogc wée tinh 1 khoang
31 Mb/s. Phan céng suat danh nghia cia mdi ngudi ding 1a C(1) = 40% dbi véi T1
va C(2) = 60% dbi véi T2.

Vi muc tiéu dich cua thuat toan AC duogc dé xuat 1a dat dwgc hiéu qua sir dung
c4c RB c6 sin cua ting ddi twong thué, viéc danh gia hiéu suat s& xem xét cac hon
hop tai luu luong dugc cung cip khac nhau lién quan dén chia cong suat cho ngudi
dung. Ké tr khi hiéu qua trong viéc st dung tai nguy@n chu yéu dugc cung cap bai
cac thuat ngir AC (s, n), danh gia hiéu suat s& xem xét, nhu mot tham chiéu, trong d6
AC(s,n) duoc thiét 1ap bang 0.

(a) Increase in the aggregated bit rate obtained by T1 (b) Increase in the aggregated bit rate obtained by T2
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Hinh 2.2: Ting toc d bit tong hep thu dwgc béi (a) T1 va (b) T2, lién quan dén
treong hop tham chiéu AC(s,n) = 0

Két qua dat dugc bang thuat toan AC trong téc do bit tong hop thu dugc boi

T1 va T2, lién quan dén truong hop tham chiéu trong d6 AC(s,n) = 0, duoc minh

hoa trong hinh 2.2. Thuat toan dat duoc tc do bit tong hop cua T1 Ién téi 106%, khi

tai T2 duoc cung cap thip téi 0 Mb/s. Mit khéc, khi ting ty Ié bit tong hop T2 Ién

dén 43% thi tai T1 dugc cung cap 1a 0 Mb/s. C6 thé két luan rang, bt ci khi ndo mot
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ngudi dung khong sir dung hét dung luong, thi ngudi kia lai huong loi tir toe d6 bit
t6ng hop cao hon, do d6 dat dwoc hiéu qua st dung tai nguyén vo tuyén.
Xem xét cac hdn hop sau day cho T1 bang 2.2 va T2 bang 2.3, hiéu suat cua

tirng d6i twong thué duoc nghién cau, vé ty 18 bit tdng hop va xac suat chan.

Bang 2.2: H6n hgp luu lwgng dwgc chon cho Tenant 1

Tenant 1
Load Cell 1 Load Cell 2 Total Load
Hén hop luu A 24.6 (H) 24.6 (H) 49.2 (H)
lwong B 19 (H) 6 (L) 25 (P)

Bang 2.3: Hon hop luu lwgng dwoc chon cho Tenant 2

Tenant 2
Load Cell 1 Load Cell 2 Total Load
Hén hop luu A 24.6 (H) 24.6 (H) 49.2 (H)
lwgng B 12 (L) 25 (H) 37 (P)

Tai trong trung binh caa nguoi ding trong mot 6 cu thé ¢ thé dugc phan loai
1a: duoc 18n ké hoach (ky hiéu Ia P), thip hon gia tri ké hoach (ky hiéu 1a L) hoic cao
hon gia tri ké hoach (ky hiéu 1a H). Trong d6 tai duoc cung cap theo ké hoach duoc
hiéu 1a tai dugc quy dinh trong SLA cua ngudi dung nha. Twong ty, tong tai duoc
cung cap trong ca hai 6 duoc biéu thi 12 P néu n6 bang véi SAGBR cua nguoi ding
twong ung.

Két hop luu luong A md ta mot trudng hop trong d6 tai T1 duoc cung cap l1a
H trong ca hai 8, trong khi tai trong duoc cung cap cua T2 duoc giit & mac L. Trong
truong hop ndy, cac két qua md phong duoc mé ta trong hinh 2.3. C4 thé thiy rang
T1 c6 thé dat duoc tée do bit cai thién 33% ddi véi trudng hop tham chiéu, bang cach
cho phép T1 tan dung cong suat du phong cua T2, trong khi khdng lam giam dang ké
téc d6 bit. Hon nita, c6 mot su giam dang ké trong xac suat chan T1. Tuy nhién, mot

su suy giam nhe (dudi 2%) duoc xac nhan trong xac suat chan T2. Do dé, theo quan
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Hinh 2.3: Téc @ bit tong hep va xac suat chiin thu dwoc cia mdi Tenant
Véi luu lwgng truy cap A

Mt khac, trong hdn hop luu lwong B, tong tai trong dugc cung cip cua ca hai
ngudi ding twong GNg Vai tai trong da 1én ké hoach, nhung tai trong nay khong duoc
phan bé déu doc theo hai 6. Trong truong hop nady, cac két qua md phong dugc trinh
bay trong hinh 2.4 va hinh 2.5. C6 thé thay ring su thay d6i cong suat chia duogc dé
xuat do AC(s,n) cho phép T1 xtr ly hiéu qua phan chia sé tai nguyén trén ca hai 6.
Theo d6, loi ich cua T1 ting 18% & téc do bit tong hop va 8% dbi véi T2, dbi véi
truong hop tham chiéu. Hon nita, mot sy giam dang ké vé tong sé xac suat chan cho
ca hai nguoi ding dugc ghi lai. Cy thé hon, T1 va T2 dugc huang loi tir viec giam

X4c Suat chan lan luot 12 70% va 64%
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Mix B: TI{H,L,P), T2(LHP)
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Hinh 2.4: Téc dd bit thu dwoc cia mdi Tenant trong mdi 6 va trong toan bé kich

ban c6 két hep lwu lwong truy cap B
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Hinh 2.5: Xé&c suit chin thu dwoc cia mdi Tenant trong méi 6 va trong toan b
kich ban c6 két hop lwu lweng truy cap B

Hinh 2.6 minh hoa toc d9 bit tong hop thu duoc bai mdi ddi twong nguoi ding

véi thuat toan duge dé xuit va véi luge do tham chiéu, nhu mot ham cua tong tai
trong duoc cung cap caa T2. Tong tai dugc cung cap cua T1 duoc giit nguyén ¢ muc
49,2 Mb/s (twong (ng véi mac H cua luu lwong hdn hop A) va nd dugc phan bd déu
doc theo hai 6. C6 thé nhan thay rang, khi tai trong T2 duoc cung cap thap hon mirc
ké hoach 1a 24,6 Mb/s (xem xét Iuu luong hdn hop A), loi ich T1 ting dang ké tir
cdng suat chua sir dung con lai cua T2. Tuy nhién, khi tai trong duoc cung cap cua
T2 cao hon muc ké hoach caa né (tuc 1a 37 Mb/s), sy khac biét vé hiéu suat giira hai
thuat toan gan nhu khong dang ké. Trong truong hop cudi cing nay, mdi ngudi dung
dat duoc mot ty 18 bit phu hop vai ¢ong suat danh nghia C(s). Hon nita, téc d6 bit thu
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duoc bang T2 xap xi bang ca hai phwong an vi T1 khong dé lai dung luong khong st

dung.
Aggregated bit rate experienced by each tenant
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Hinh 2.6: Téc @9 bit tong hep thu dwec caa tirng Tenant
2.2.  Piéu khién chap nhan dich vu trong mang 5G
Trong phan nay, mot sé ki thuat Al s& dugce dé xuat dé phat trién mot AC tu
t6 chtrc cho cac mang 5G nhiéu ngudi ding. Cu thé hon, muc tiéu chinh 1a tap trung
vao tu hoc gid tri ti wu ctia thuat ngit AC (s, n) ma trude diy da duoc dinh nghia. Cac
phuong phap duoc dé& xuat twong wng véi Al ndi tiéng cia ML, trong d6 hai thuat

toan hoc tap chinh phat sinh:

e Hoc tap dwoc giam sat: chu yéu duoc sir dung khi ca hai bién dau vao
va dau ra cua mot hé théng dugc xac dinh, do d6 mot ham anh xa c6 thé duoc xac
dinh (Y = f (x)). Tuy nhién, muc tiéu chinh la udc tinh ham anh xa theo cach ma cac
bién dau ra c6 thé duoc du doan chinh xac bat ctr khi ndo c6 dir liéu dau vao méi (tuc
la dit liéu chua dugc thuc hién).

e  Hoc tap khong dwoc giam sat: khdng gidng nhu hoc tip duoc giam
sét, hoc tap khong duoc giam sat thiéu bat ky mot chirc ning anh xa, vi dit liéu dau
ra khéng rd hoic kho c6 duge. Do d6, cac thuat toan khong giam sat duoc thiét ké dé

kham pha cau trac téi uvu hodc mdi quan hé gitra cac dau vao/dau ra khéac nhau.

2.2.1. Hoc tdp dwoc giam sat
Viéc thuc hién phuong phap hoc c6 giam sat dé khai thac kién thirc vé AC (s, n)

c6 hai muc tiéu chinh. Trugc hét, kién thirc cho phép xac dinh cac gigi han cua
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AC(s,n)va hanh vi téng thé cua no trong céc tinh hudng tai luu lugng khac nhau.
Diéu nay dan dén muc tiéu tht hai, nhim muc dich tao thuan lgi cho viéc thuc hién
phuong phéap hoc AC khéng gidm sat. Vi c6 4 bién dé ty téi uwu hoa
(AC(1,1),AC(1,2),AC(2,1),AC(2,2)), va thai gian hi tu giai phap toi vu c6 thé qua
cao, viéc hoc c6 giam sat s& duoc ap dung trong mot sé bién AC (s, n) vi muc dich
don gian, va céac bién bén trai s& duoc chon dé tbi wu hoa.

Doi voi pham vi cua bai nghién ctu, mot hé théng suy luan than Kinh thich
nghi mo (ANFIS) duoc dé xuat nhu 13 mot k thuat hoc dwoc giam sat. ANFIS 1a mot
loai ANN két hop dong co suy luan mo Takagi-Sugeno, chi tao ra mot dau ra duy
nhét sau giai doan 1am me (téc 12 mot trong cac AC (s, n)). Mit khac, trong 4 dau vao
dugc xem xét, twong (rng Vai tai trong duoc cung cap cua ting dbi trong thué trong
mdi 6, dugc lay tryuc tiép tir moi truong/hé thong md phong mang. Hon nira, hé thong
suy luan mo (FIS) cd thé két hop hai kiéu phan cum dir liéu: phan ving luéi va phan
cum trir. M3i dau vao c6 nhiéu chirc nang nhu sb lugng cac cum duoc xac dinh. Vi
du, 10 cum duoc xac dinh trong hinh 2.7, mic du ¢d thé tim thay s6 luong cum nhiéu

hon hoic it hon, can xem xét su danh d6i gitra 161 dao tao va thoi gian dao tao.
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05 Data and Clusters in selected two dimensions of the input space

R_ . » o'? b i@ . TR .

0.4 -
, : : -

03f X, o+ ; : . ]

02  x f o™ m ]

. *h o ¥ . .t

S04 cs b . w g .

= ¢ o g% - TaWota S .

)] A " oy oY * "k

4 of : : CoL |
o * . T A

04 F ]
. *

Data points 8
*  Cluster centers

_0.4 | | | | |
0 10 20 30 40 50 60

Offered Load of Tenant 1 in Cell 1 (Mb/s)

o
w
T

Hinh 2.7: Ky thuat phan cum trir (Ban kinh cum anh hwéng = 0,65)

Tong quan d& &n hoc tap dé xuit dugc minh hoa dudi day hinh 2.8,

| Network simulator / Environmentl

O Adaptive Neuro-Fuzzy Inference System (ANFIS)

-------------- A
Rule database

|__ Takagi-Sugeno-Kang, method of fuzzy inference

|
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Hinh 2.8: P& an hoc may cd giam sat nham khai thac kién thire AC(s,n)
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Cudi cung, khi dit liéu dau vao/dau ra da duoc xt 1y thong qua luoc do noi
trén, kién thicc vé AC(s,n) c6 sin dé chinh xac (> 99%) khai thac dir liéu dau vao
chua duoc xir ly. Mot vai biéu dién cua AC(s,n) nhu 1a mot ham cua céc tai duoc
cung cap khac nhau duogc thé hién trong hinh 2.9.

Budc tiép theo 14 13y gia tri toi wu caa AC (s, n) véi diéu kién tai luu lwong cho
truéc trong moi 1an 1ap tdi wu héa ciia chuong trinh hoc khong giam sat, dé lai mot

dic tinh AC(s,n) tu t6i wu hoa, véi muc dich don gian hoa.

Delta(T1/C1)
Delta(T2/C1)

Delta(T1/C2)
Delta(T2/C2)

OfferedLoad(T1/C2) OfferedLoad(T1/C1) OfferedLoad(T1/C2) OfferedLoad(T1/C1)

Hinh 2.9: AC(s,n) nhw 13 mét chirc niing ciia T1 dwoc cung cip (Mb/s)
trong ca hai cell

2.2.2. Hoc tdp khéong dwoc giam sat (Fuzzy Q-learning)

Dé dat duoc viéc ty tdi wu hoa, mdi tac nhan phan tan can biét tham sb can
duogc diéu chinh theo trang thai hoat dong hién tai. Cac khai niém co ban vé FQL s&
duoc trinh bay dudi day:

a. Hg théng mo

“Si mo' hé 1a mgt phan phé bién caa kinh nghiém cia con nguwoi. Ngbn ngir
Ciia con nguoi 1a mét cdng cu khdng chinh xac. Nhdn thirc ciia con nguwoi day si thiéu

chinh xéc. Nhizng ky niém thdt thoang qua va dé chinh sira. Thé gidi thyc khdng phdi
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la trieu twrong, no khong dwoc nhan thice r6 rang, xdc dinh rd rang va tinh toan chinh
xac" (Mark J. Wierman, 2010, trang 53).

Ly thuyét mo da dugc phat trién dé xu ly thong tin khdng chinh xac. N6 bat
dau vai khéi niém vé tap mo, cé chirc nang 1a anh xa (tic 1a 1am mo) tap hop céc
phan tir dau vao thanh mot ham cho biét mac d6 chan ly thudc vé tap hop.

e X - [0,1] (2.6)

Cong thic 2.6 biéu dién muc do chan ly u cua tap mo A lay bién dau vao x nam
trong khoang tix O (tirc 1a x khdng thuoc A) dén 1 (tuc 1a cach khac). Tuy nhién, bén canh
tap hop cd dién dic biét ma mot phan tir ¢ thé thudc vé hay khong, logic ma cho phép
bién dau vao duoc anh xa trong mot tap hop nhat dinh theo nghia rong hon. Con ngudi

lam loai ly luan nay moi lic, nhung no 1a mét khéi niém kha méi mé déi véi may tinh.

trapmf gbellmf trimf gaussmf gauss2mf  smf
f \ s /" ‘\_\ 1

05F |

o . e

Hinh 2.10: Hinh dang ham thanh vién (Matlab Fuzzy Logic ToolboxTM)

Ngoai ra, logic mo cho phép thuc hién kién thirc ciia con ngudi dudi dang cac
quy tic suy luan if-then. Mot quy tic if-then md duy nhat ¢6 dang sau:
If xis A, thenyis B
trong d6 A va B 1a c4c gia tri ngdn ngit (vi du: thap, trung binh va cao) dugc
xéac dinh boi cac tap mo X, Y twong tng. Gié tri dau vao va dau ra ngdn ngir sic nét
(vi du: chét Iuong tin hiéu va quyét dinh chuyén giao) 1a x va y, twong @ng.
Phan “if” ctia quy tic "x 1a A" con duoc goi la tién té cua quy tic, trong khi

phan “then” cua quy tac "y 1a B" dwoc goi 1a hau t6. Poi véi mot quy tac if-then, tién
t5, p, ngu y hau t, . Trong logic nhi phan, néu p 1a dang, thi q ciing dang (p — q).
Tuy nhién, trong logic mo, néu p 1a dung voi mot sé mic do, thi q ciing ding voi

cung muc d6 [13].
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Hon nira, ¢d thé nhan thay rang c4c quy tic dua trén con ngudi trong logic mo
c6 thé khdng t6i wu va do dé, cac k¥ thuat tdi vu hoa can dugc thuc hién dé xay dung
mot co s& kién thac chinh xac.

Cubi cung, budc cudi cing caa qua trinh suy luan mo 1a 1am mo, mot phuong
phap xac dinh mot gié tri sic nét duy nhét tir tap hop dau ra.

Phuong phap logic md phil hop véi su xir 1y thiéu chinh xac cua cac mang di
dong khong day [19]. Trén thuc té, ki thuat hé thdng mo da duoc dé xuat gan day dé
xur Iy cac thuat toan quyét dinh. Vi dy, nghién ciru trong bao cdo dé xuat mot thuat
toan quyét dinh dua trén logic mo dang 2, c6 tinh dén mot loat cac mang truy cap va
thudc tinh nguoi ding, va chon mang c6 gia tri thoa man toi da. Mot minh hoa vé

viéc xtr Iy logic mo trong HetNets duoc thé hién trong hinh 2.11.

R
: |
MAT " Neighbourhood Knowledge Base
Topology  |' Signal quality IS ! Crisp outputs
‘ PEEEEW Defuzzifier >
Delay QoS Mobility ([ === 1

A
Energy | _Link conditions | 1 | Handoff Decision

Crisp inputs FUZZY Type-
—>| Fuzzifier |—> 2
Inference reducer | type-reduced

Fuzzy Engine Set (Type1)
input sets

Fuzzy
output sets

Hinh 2.11: Minh hea Logic mo cho HetNets [20]

b. Hoc tang cuwong (Reinforcement Learning)

Hoc tang cuong (RL) la mét ky thuat khai thac kinh nghiém cua cac tdc nhan
dé tim hiéu cac cach xir ly t6i wu trong méi truong. Céc tin hidu cung ¢é dugc nhan
vé 1a tac dong tét hay tac dong xau dén qua trinh tdi uu dé cac tac nhan sira ddi cach
xtr Iy cia nd. Thdng qua sy twong tac cua nd véi moi trudng, cac tac nhan cb ging
nghién ctru cho cac trang thai cu thé cua hé thong dé nhiing tac dong tét duoc tbi wu
hoa. C4c van dé vé hoc may thudng duge mo hinh hoa nhu qua trinh xur ly quyét dinh
va da giai quyét bang cach st dung cac ky thuat lap trinh dong.

RL m6 ta mot ké hoach hoc tap, noi mot nhan té t6i wu gitip cai thién kha ning
xur Iy caa n6 bang cach tac dong 1én moi truong cua chinh minh va nhan duoc két qua

1a hoat dong tbt hoac x4u. RL thyuc hién mot tim kiém truc tuyén dé téi wu trong van
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dé quyét dinh nhiéu mc. Do 1a mot cach tiép can day hta hen cho hinh thanh cac tac
nhan tu tri dé cai thién hiéu suat dua trén kinh nghiém thuc té.

Qua trinh xtr 1y chung dugc mo ta nhu sau:

1. VAo thoi diém budc t, cac tc nhan & trang thai x(t)
2. N6 chon mét trong cac hanh dong kha thi ¢ trang thai nay, a(t)
3. N6 4p dung cac hanh dong, két qua Ia:
a. Chuyén tiép dén mat trang thai mai x(t+1)
b. Viéc tiép nhan phan hoi r(t)
4. t:=t+1
5. Tré lai buéc 2 hodc ding lai néu cac trang thai mai 1a mot thiét bi
dau cudi.

Goi X la tap hop cua céc trang thai va A la tap hop caa cac hoat dong.

r(t) 1a két qua cua hanh dong a(t) dugc chon trong tap hop trang thai x(t). Chuc
nang ting cudng la mot tng dung cua khéng gian san pham.

c. Q-Learning (QL)

Trong mot sé mo hinh RL, n6 doi héi nhitng théng tin rat chinh xac vé cac xac
suat truyén dan trang thai va nhitng két qua. Tuy nhién, trong mot s6 mo hinh hé
thdng, théng tin nay khdng co san hoic chi twong dbi. Khi d6 s& c6 van dé khi xay
dung mé hinh RL cho cac hé théng nay. QL I1a mét truong hop dic biét cua RL ¢6
thé giai quyét cac van dé khi cac mo hinh hé thdng nay l1a khdng c6 sin. Thay vao do,
no dua trén su khac biét tam thoi dé timg budc giai quyét cac van dé hoc may. QL
dat duoc muc tiéu nay bang cach udc luong mot ham gié tri cua mdi cap trang théi
hanh dong duoc goi 1a gia tri Q. Chirc ning nay udc tinh dén gia tri két qua du kién
thi ldy mot hoat dong a thudc A ra khoi tap cac hanh dong A tir khi bat dau trang thai
s dén khi d3 c6 mot trang thai ¢b dinh m. Mi hoat dong chuyén céc nhan té tir trang
thai si sang trang thai si+1 nhan duoc mot két qua ri-1. Muc tiéu 1a dé mé rong tap két

qua. Cac chire nang gia tri dugce dinh nghia theo phuong trinh 2.7:

Q"(s,a) = E;

D ¥ir(suanlse = 5,00 = a @7
i=0
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Va ciing c6 thé dugce wéce tinh bang céch str dung phuong phap cip nhat su
khéc biét tam thoi mot cach lap di 1ap lai:

Qi1(spa) = Qi(spa) + Blriys + YMax,Q;(Si41,a) — Q;(s;, a)] (2.8)

Trong d6: P la ty 1 hoc tap (0 < B < 1), cac tham s ty 18 hoc tap dé xac dinh
viéc hoc tap dién ra nhanh hay cham. Su diéu khién thuat todn QL thi c6 thé thay doi
gia tri Q véi sy bién thién cua cac trang thai va hoat dong. Néu ty Ié hoc tap la qua
nho, qua trinh hoc tap s& dién ra rat cham. Néu B 1a qua cao thi cac thuat toan co thé
khong hoi tu. y 12 hé sb chiét khau (0 <y < 1), néu y = 0 cac tac nhan chi xem xét
nhitng két qua trudc mat, hé sé y cang gan 1 thi cang ¢ nhiéu nhan té dugc xac dinh
trudc.

QL la mot phuong phap RL, trong d6 ngudi hoc duoc xay ting budc ham Q,
cb gang dé udc tinh chi phi trong twong laic ho mot hanh dong trong trang thai hién
tai cua nhan t. Két qua caa ham Q dwogc goi 12 gia tri Q. Gia tri Q trong QL 1a mot
udc tinh vé gia tri cia chi phi trong twong lai néu cac chi nhanh c6 mot hanh dong
dic trung a khi n6 dang & trong trang thai s. Bang cach khao sat méi trudng, cac nhan
t6 da 1ap ra mot bang gié tri Q cho mdi trang thai va mdi hanh dong.

Trong mot khoang thoi gian ngan, QL 1a mét ki thuat RL véi muc tiéu téi da
hoa mét gia tri tich liiy bang cach thuc hién cac hanh dong trong mot méi truong. QL
tich lily dan dan mot ham Q, dugc biéu thi bang Q (s, a), bang cach ugc tinh gié tri
tuong lai dugc chiét khau dé thuc hién cac hanh dong tir trang thai s da cho. Mot
phién ban mo cua QL duoc xem xét trong cong viéc nay dé ké thira nhitng loi ich caa
ly thuyét mo. V& co ban, FQL cho phép giai phdng cac trang théi va khong gian hanh
dong dé tranh d6i phd véi cac khong gian phuc tap va lién tuc.

CAu tric cua quy trinh ty toi vu héa duoc thé hién trong hinh 2.12, duoc phan
phdi rd rang. Bén canh khdi QL cua trinh t6i wu héa, cap nhat ham Q cho phu hop
Véi gid tri thu duoc, bo diéu khién logic mo quan ly tap hop céc trang thai moi truong
dau vao cua nd (nghia 1a tai luu lwong truy cap va AC(s, 1)) va tap céc két qua dau ra
cua n6 (muc do ting cua AC(s,1)). Ban dau, nd dugc ké hoach dé ty t6i uu hoa ca

hai AC(s, 1) va dé lai AC(s,2) duoc téi wu héa thong qua viéc hoc c6 giam séat. Tuy
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nhién, khi thoi gian téi vu hoa 1a qua dai, AC(1,1) 1a bién duy nhit duoc tu téi wu

hoa.

Hinh 2.12: Kién trac caa thi tuc tw tdi wu hoa dé xuat
Céc thuat toan mo phong linh hoat da xuat hién nhu mot ung vién tiém ning
cho viéc giai quyét cac van dé trén. N6 12 mot giai phap phong doan nghién ciu, Xac
suat bang cach mo phong cac qua trinh vat Iy cua luyén kim nghia 1a mot chat dang
dan ngudi dé dat dugc mot trang thai nang lwong tdi thiéu. Phuong phéap nay da duoc
ap dung rong rai trong viéc quy hoach mang ludi va téi vu hoa. Vi du dé giai quyét
van dé bao phu va kha nang t6i uu héa dung luong. N6 cho thay rang cac thuat toan
mé phong mém déo co thé duoc phat trién va ap dung trong viéc giai quyét cac van
dé phuc tap trong téi wu héa mang. D6 1a khai nguon caa thuat toan FQL. N6 duogc
phét trién dua trén ¥ tedng md phong luyén kim. QL 1a mét hinh thtc thyc té cua RL,
d6 12 mot linh vuc quan trong cua viéc hoc tap may tinh. RL 1a mot kiéu hoc may ma
tac nhan d6 dat duoc muc tiéu cudi cling bang cach tuong tac voi méi trudng xung
quanh va bang cach xem xét cac kinh nghiém qué kha bit nguén tir hanh dong trudc
d6. Trong mét tinh hudng khi chiing ta xir Iy ca tinh bén viing va tinh chinh xac, FL
d3 duoc mo rong dé xir Iy cac khai niém vé su that, gia tri cua n6 c6 thé dao dong tir
hoan toan dung sy that va hoan toan sai.
d. Fuzzy Q-Learning
QL phai duy tri mét gia tri Q cho mdi cap trang thai hoat dong, do d6 no tré
nén rat phac tap va doi khi khong thuc té néu khéng gian trang thai hay khdng gian
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hoat dong 1a lién tuc. Vi vay cac FL dwoc cung cap dé roi rac cac bién lién tuc. FQL
1a mot ky thuat két hop FL véi QL nham khic phuc nhirng thiéu sot cia nhau.

Trong FQL trang thai va hoat dong cua hé théng duoc xac dinh bang cach sir
dung ham thanh phan ma. Cac bién trang thai lién tuc chuyén doi thanh maot s hiru
han c&c ham thanh phan bién mo. Qua trinh nay duoc goi 1a fuzzification. Tir cac bién
mo két qua twong tmg duoc tinh toan dua trén hé thdng suy luan ma (FIS). Cubi cing
két qua mo caa FIS 14 4nh xa cta c&c bién dau ra lién tuc thong qua mot qué trinh goi
la defuzzication.

e. H¢ thang suy lugn mo

Hé thdng suy luan md 1a mét hé théng sir dung Iy thuyét tap mo dé anh xa céc
dau vao (tinh nang trong trudng hop phan loai md) thanh dau ra (cac 16p trong trudng
hop phén loai md). Céc quy tac dugc st dung IF, IF THEN, AND va OR dé xay dung
cac quyét dinh thiét yéu.

Dic diém cua FIS:

e  Paura tir FIS lubn l1a mot tip mo khdng phan biét dau vao caa nd co
thé m hoic rd nét.

e Khino str dung 1am bo diéu khién can c6 dau ra mo.

e Mot don vi lam mo s& co mat véi FIS dé chuyén ddi cac bién mo thanh

cac bién sic nét.
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Chtrc nang cua FIS:

Hinh 2.13 1a so @6 khéi cua hé théng nhidu mo:

......................................... a

Knowledge Base

Data
Base Rule

Crisp e eveeusesenesesseaseasmeaeene e annennes Crisp
Input v ¥ Output

I::) Fuzzification Defuzzification :>
Inference unit Inference unit

F 3

Fuzzy

Fuzzy

» Decision-making Unit

Hinh 2.13: So @6 khoi caa hé théng nhiéu mo

Trong do:
e Quy tic co so: IF — THEN mo.
e Co s dir liéu: N6 xac dinh cac ham thanh vién cua cac tap mo
duogc st dung trong cac quy tac mo.
e Don vi quyét dinh: N6 thuc hién dwa trén cac quy tic.
e Pon vi giao dién Fuzzification: N6 chuyén doi sé luong rd nét
thanh s6 lugng mo.
e Pon vi giao dién khir nhidu: N6 chuyén ddi s6 luong mo thanh
s6 luong rd nét.
2.3.  Két luan chwong
Chuong 2 trinh bay chi tiét ki thuat diéu khién dich vu cho cac mang vo tuyén,
kiém soat nhap cell nhiéu nguoi dung. Hai ki thuat AT duoc ap dung dé phat trién
viéc diéu khién ty chap nhan dich vu trong mang 5G 1a hoc may duoc giam sat va
hoc may khong dugc gidm séat.
Tiép theo chuong 3 danh gi4 danh gia viéc sir dung thuat toan FQL la mot

thuat todn phu hop nhat cho dé tai nghién ctu khao sat.
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CHUONG 3: PANH GIA, CAIPAT, THU NGHIEM
3.1. Danh gia

Bén canh c4c ki thuat SON lién quan dén Al, viéc dua cac cong nghé phan
mém hoa nhu Mang Phan mém Dinh nghia (SDN) s& thay d6i dang ké cach thic quan
ly mang 5G [15]. Cac cdng nghé mang phan mém, nhu dugc minh hoa trong hinh
3.1, nhim muc dich tré thanh cac trinh tao co ban dé dap tng cac yéu cau cua kha
nang 1ap trinh (vi du nhu tinh da dang dich vu va hiéu qua tai nguyén), tinh linh hoat
(vi du nhu tai cau hinh, tai sir dung va chia sé co sé ha tang), kha nang thich ang (vi
du tu cau hinh, ty chira 16i va ty t6i wu hoa) va kha nang (vi du nhu cat mang, quan
ly mang tu dong) du kién s& co trong cac mang 5G.

Nhitng loi ich tiém nang cua viéc phan mém héa trong 5G bao gom giam
O/CAPEX, rut ngan thoi gian dé tao dich vy va thich ang dich vu, quan Iy vong doi
dich vu hiéu qua, giam tiéu thy nang lugng d6i véi mang xanh bén viing va nang cao
chat lwong trai nghiém cho ngudi ding. That vay, SDNs duoc du tinh 1a mét trong
nhitng tinh ning chinh ctia mang 5G vi chiing s& thuc day su thay doi mo hinh thiét

ké va trién khai mang di dong.

Service icel
orchestration| Service layer

o e e B e R

network Software network service chain layer

~inders g - el - ()

Networking slice layer

logical
infrastructure

Flexible function
split & slicing

Management and orchestration

Physical
infrastructure ||

\[ Radio access network

Transport network 4 Core Network ; Internet

5G network segment

Hinh 3.1: Céng nghé mang phan mém trong kién tric tong thé 5G

Cac tng dung cua ky thuat tri tué¢ nhan tao phi hop nhét cho HetNets da duoc

xem xét can than trong luan n nay. Hon nira, kha ning tng dung va tinh kha thi caa
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tirng tng dung trong mdi chirc ning tu 1am viéc di duoc danh gia chi tiét. Mot trong
nhitng muc tiéu caa cdng viéc hién tai 1a nghién ciru téi wu hoa QoS cho HetNets
trong tuong lai. Cu thé hon, viéc kiém soat cac yéu té AC ddi voi RAN cho nhiéu
ngudi dung 1a chi dé dugc chon dé bat dau tim hiéu cac phuong phap Al méi dé tu
t61 uu hoa cac thong sé AC thich hop. Do d6, mét nghién ciru vé chién luoc AC tu
t61 wu hoa dé diéu chinh phan tai nguyén duoc sir dung béi mdi ngudi ding dugc yéu
cau dé gigi thiéu thuat toan Al duoc dé xuat. Trong sd tat ca cac giai phap Al kha thi,
thuat toan FQL da duoc lva chon cho qué trinh tu tdi wu hoa, vi cach tiép can khong
c6 mé hinh ctia n6 cho phép xay dung mét chinh sach lya chon hanh dong téi wu ma
khong can bat ky kién thirc méi truong mang nao. Cac tly chon Al khac nhu thuat
toan lay cam hang tir sinh hoc hoic mang than kinh nhan tao ciing c6 thé dugc xem
xét. Mot phan tich duwa trén md phong cua thuat toan hoc ting cudng dé xuat da dugc
trinh bay dé danh gia céc cai tién tiém nang dat dugc bai mdi dbi twong thué trong
mdi 6 dbi véi mot so dd co ban. Vé két qua, muc giam dat dugc trong Xac suat chan
bang thuat toan FQL, lién quan dén truong hop tham chiéu AC(s,n) = 0, khi xem
xét chinh sach khai thac/tham do, 1an luot 12 45,2% va 51,5% cho T1 trong cell 1 va
cell 2. Tuy nhién, T2 c6 loi hon tir cach tiép can duoc dé xuat (cai thién 3,5% va 7%
tuong tNng), Vi tai trong duoc cung cap thap hon SAGBR ciia no, do d6 cho phép T1
xur Iy hiéu qua phan tai nguyén trén ca hai cell va do d6 giam dang ké kha niang chan.
Cudi cling, hiéu suat khi xem xét mot hé théng dugc khai thac hoan toan (tic 1a T =
0) da duoc danh gia. Mac du cai thién hiéu suat (1&n toi 39,4%) tuong quan véi chinh
sach khai thac/tham do, nhung khong xem xét cac hanh dong tiém ning cé thé mang
lai gid tri cao hon trong twong lai dai han.
3.2. Cai dat MatLab

Cau hinh: Matlab 2019

- H¢ diéu hanh: Window 10

- RAM: 4GB

- Dung lugng: 500 GB

- CPU: Bat ky bo xir ly Intel
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- Card d6 hoa: Khdng c6 card d6 hoa cu thé duoc yéu cau. Nén dung card d6
hoa tang toc phan cung hd trg OpenGL 3.3 véi bo nhé GPU 1GB.

- Tang toc GPU bang céch sir dung Hop c6ng cu tinh todn song song yéu cau
GPU CUDA.

3.3. Thir nghiém
3.3.1. M6 phang gid ld@p mang
3.3.2. Thudt todn Fuzzy Q-Learning

Truéc hét, can xac dinh khai niém vé gia tri q. Boi voi mdi quy tic cua FIS,
a[i, j] duoc dinh nghia 1a hanh dong thi j cua quy tac i va q[i, j] nhu 1a chat luong
gia tri lién quan cua no (gia tri q). Do do, gia tri q[i, j] cang cao, do tin cay cua hanh
dong diéu chinh twong tng dugc chon cang cao.

Dé khoi tao gié tri g trong thuat toan, tiéu chi don gian sau dugc st dung:

qli,jl=0,1 <i<Nand1<j<A (3.1)
trong d6 q[i, j] 12 gia tri g cua quy tic i va hanh dong j. N 1a téng sb quy tic va
A 14 s6 hanh dong c6 sdn cho mdi quy tac.

Déi véi mdi quy tic duoc kich hoat (nhitng quy tic c6 muac do chan ly khac
khong), mot hanh dong dugc chon theo chinh sach tham do/khai thac. Chi thé nén
chon cac hanh dong tao ra gia tri cao nhat trong qué kha. Tuy nhién, cha thé hoc duoc
tir két qua cua nhitng hanh dong bang céch thir cac hanh dong chua duoc chon truéc
d6. Sau d6, ngoai giai doan khai thac, can xem xét chinh sach tham do dé theo dbi
cac hanh dong chua duoc kham pha mang lai gié tri dai han téi da. Cu thé:

a; = {random{ak,k =1,2,.., A}, with probability (32)

argmax,, qli, k], with probability 1 — I

trong d6 a 1a hanh dong cu thé cho quy tic i va T la ty Ié hoc tap cua chinh

sach tham do/khai thac. Thong thuong, T khong cb dinh trong qua trinh ti vu hoa.

Thay vao d6, n6 dan dan giam xudng céc gia tri gan bang khéng, c6 nghia 13 viéc
kham pha cac hanh dong tiém nang ciing giam.

Tiép theo, hanh dong tong thé duoc xac dinh bai:
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N

a(t) = Z a;(s(®)). a; () (3.3)

i=1
trong d6 a 1a hanh dong diéu chinh tham sé va a;(s(t)) 1a ham kich hoat cho
quy tac i. Noi cach khac, a;(s(t)) dai dién cho mic do chan Iy ciia mét trang théi

dau vao s(t) trong lan lap thi t:

ai(s0) = | [uy G50 (34)

trong d6 M 1a s6 dau vao FIS va p;; (x; (¢)) 1a gia tri ham cho dau vao thi j va
quy tic thir i. Vi du, xem xét quy tic dau tién trong d6 bon dau vao duoc dan nhan 1a
thap (L), ham kich hoat duoc cho bai:

“1(5(t)) = #11(x1(t))-M12(x2(t))-#13(x3 (t)).u14(x4(t)) (3.5)

Cac hinh dang cua cac ham dwgc minh hoa trong hinh 3.2. B4i véi tai luu
lugng truy cap cung cap cho ca hai ddi tugng thué, ba ham thanh vién gaussian dugc
chon, dugc gan nhan 1a Thap (L), Trung binh (M) va Cao (H), twong tGng. Ddi voi
AC(s,1), su dung hai ham thanh vién hinh thang va mot ham hinh tam giac. Tuy
nhién c6 nhiéu tdy chon khi chon hinh dang thanh vién phu hop.

E Offered Load T1 (Cell 1) Membership Functions E Offered Load T2 (Cell 1) Membership Functions

1
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a a
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Hinh 3.2: Chitc niang thanh phan mo
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trong do Q (s (t), a (t)) 1a gia tri caa ham Q cho trang thai va hanh dong a. Ham
Q c6 thé dugc tinh toan tir cac ham kich hoat va cac gia tri q cua cac quy tic khac

nhau:
N

Q(s(@),a(9) = ) a(s®)-qli, ] (36)

i=1

trong d6 Q(s(t), a(t)) la gia tri ciia ham Q trong trang thai s va hanh dong a.

Budc tiép theo dé hé thong tu phat trién sang trang thai tiép theo s(t + 1).

Tai thoi diém nay, tin hiéu tang cuong r(t + 1) duoc quan sat. Trong bai nghién
ctru Nay, tin hiéu ting cuong sau day duoc xem xét, tuong ty nhu duge dé xuat trong
[14]:

r(t) = (t) + r,(t) + k1; (3.7)
trong d6 r (t) 1a tin hiéu ting cuong téng thé, r; (t) va r, (t)1a cac yéu té dong
gop tin hiéu cua ca hai doi twong thué doc theo hai 6, va k1 1a méot hiang sé. Cu thé,
tin hiéu r;(t)duoc tinh nhu sau:

1
+
(Ppiock (T;) + k3).100

trong d6 k, va k5 1 cc tham s6 khong d6i va Py,q (T;) 13 X4c suét chan caa

r(t) = k,.log( 1) (3.8)

d6i twong thué T; trong toan b truong hop. Cac théng sé duoc sir dung dé tinh toan
tin hiéu ting cuong cé thé dugc tim thay trong bang 3.1. Bén canh d6, mot minh hoa
cua tin hiéu tang cuong duoc thé hién trong hinh 3.3. C6 thé quan sat thay rang khi
X&c suat chan cua ca hai ngudoi dung 1a bang khdng, thi cét 16i hoic gié tri thu dugc

la téi da (tirc 12 bang 1).

Bang 3.1: Thong sé tin higu cét thép

Tham s6 Giatri
K1 0.1357
Ko 100

ks 0.1
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Reinforcement signal

Reinforcement

0.2 0.2
0.4 0.4

P 06 0.6 P
block Tenant 2 block Tenant 1

Hinh 3.3: Tin hi¢u ting cwong

Khi tin hiéu ting cuong cua trang thai tiép theo r(t + 1) da duoc quan sét, gia

tri cta trang thai méi duoc biéu thi bang Vi(s(t + 1)) c6 thé duoc tinh nhu sau:
N

Vi(s(t+1)) = Z o; (s(t +1)). max,qli, a;] (3.9)

i=1
Tin hiéu 16i giita cac ham Q lién tiép sé& hitu ich dé cap nhat cac gié tri g. N6
duoc tinh bai:
AQ =7(t+ 1) +yV (st + 1)) — Q(s(t), a(t)) (3.10)
trong d6 AQ la tin hiéu 15i, r(t + 1) 1a tin hiéu ting cuong, y 1a hé s6 chiét khau
va Q(s(t), a(t)) la ham Q cua trang thai trude do. y duoc dat & mac 0,7, do chi trong
hon gia tri dai han.
Cubi cung, cac gia tri q co thé dugc cap nhat bang mot phuong thirc goc
gradient thong thuong:
qli, a;] = qli, a;] + 1. AQ. a; (s(t)) (3.11)
trong d6 n la ty I¢ hoc tap, cé gia tri dugc dat & muic 0,5, c6 nghia la thong tin
cli dugc coi trong ngang véi thdng tin mai.
Qua trinh noéi trén duogc lap lai tir viéc lya chon hanh dong cho dén khi dat

duoc su hoi tu.
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Ban tém tit cua thuat todn FQL [14] duoc md ta & duoc trinh bay dudi day:

1. Khoi tao giatriq:
qli,j1=0,1 <i<Nand1<j<A
2. Chon mét hanh dong cho mdi quy tic kich hoat:

0 = {random{ak,k =1,2,...,A},with probability T
"7 argmaxy qli, k],  with probability 1 —

3. Tinh hanh dong tong thé:

N
a(t) = z ai(s(t)). a;(t)

4. Ham Q duoc tinh tir gia tri g hién tai va mtc d6 chuan cua quy tac:

Qs a(0) = ) a(s®)-qli, ]

5. Cho hé thdng giai quyét dén budce trang thai tiép theo, s(t+1)
6. Quan sat tin hiéu tang cuong, r(t+1), va tinh toan gia tri caa trang thai méi

duoc biéu thi bang V,(s(t + 1)):
N

Vi(s(t+1)) = z «; (s(t +1)). max,qli, ax]

i=1
7. Tinh gié tri tin hiéu 16i:
AQ=r(t+1)+ ]/Vt(s(t + 1)) —Q(s(t),a(t)
8. Cap nhat gia tri g boi phuong thuc gdc gradient théng thudng:
qli, a;] = qli, ;] + 1. AQ. a;(s(©))
9. Lap lai qua trinh duoc md ta & trén bat dau tir budc 2. cho trang thai hién tai

m&i cho dén khi dat duoc su hoi tu.

Bang 3.2 tom tit cac thong s6 cau hinh va téi vu hoa chinh duoc sir dung trong
kich ban md phong duoc dé xuat. Sb trang thai trong (rng véi tong sé quy tac va hanh
dong AC(s,n) = a + AC(s,n)) c6 san cho mdi quy tic duoc chon nhu sau: mot sy

tang (+0.05), mot sy giam twong ddng cua né (-0.05), va khong thay doi (0).
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Bang 3.2: T6i wu héa cic tham s6

Tham sb Gia tri
Tham sé mang Nhin 2.1
S6 lwong tram 34(81)
Khéng gian hoat dong [-0.05 0 +0.05]
Tac nhan tham lam ban dau 0.9
Ty I& giam 1/650 mdi thai ky
Tac nhan giam y 0.7
Ty I¢ hoc tap # 0.5

Hinh 3.4 cho thiy cac hanh dong thim do c6 thé dugc nhan thay khi mot sé
tin hiéu tang cudong khdng mang lai ngay ca gan gia tri tdi da. Do d6, dam bao rang

toan bo khdng gian trang thai hoan toan (hoic gan nhu) duoc kiém tra.

Reinforcement signal

Reinforcement
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Hinh 3.4: Tin hiéu gia c6 mé phéng sau 500 epichs

Hé qua tét nhat cho mdi quy tic dugc xac dinh bai gié tri g cao nhat. Bang 3.3

cho thy ba quy tic cu thé véi ba hanh dong khac nhau.
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Hinh 3.5 minh hoa céach lua chon két qua tot nhat cho quy tic thir 14. C6 thé
thdy rang gié tri q cao nhat trong toan bd qua trinh téi wu hoéa twong ng véi hanh
dong khong thay doi (tirc 1a 0), c¢6 nghia 13, trong trung dai han, hanh dong duoc dé
cap s& mang lai gia tri cao hon. Vé cé4c quy tic 32 trong hinh 3.6 va 41 trong hinh 3.7,

cac hanh dong tot nhit dé thuc hién 1a ting AC(1,1) thém 0,05 va nguoc lai.

Rule 14

—
0 50 100 150 200 250 300 350 400 450 500
Iteration

Hinh 3.5: Tién hoa gia tri g cho quy tic 14

Rule 32

50 100 150 200 250 300 350 400 450 500
Iteration

Hinh 3.6: Tién hoa gia tri g cho quy tic 32
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Rule 41

0
0 50 100 150 200 250 300 350 400 450 500

Hinh 3.7: Tién hoa gia tri q cho quy tic 41

Bang 3.3: Co s& quy tac suy luan mo ¢6 dwoc béi Q-Learning

Quy Cung Cung AC(1,1) AC(2,1) Trangthdicé Trangthai

tac cap tai  cap tai thé tot nhat
T1 T2

14 L M M M [-0.050+0.05] 0

32 M L M M [-0.050 +0.05] +0.05

41 M M M M [-0.050 +0.05] -0.05

Khi co s& quy tac suy luan mo thu dugc bang thuat toan dé xuat duoc xay
dung, hiéu suit mang c6 thé dugc danh gia. Trong trudng hop cu thé ndy, xac suét
chan cua ting d6i tugng thué va mdi cell duoc chon lam phép do hiéu suat mang.
Ngoai ra, két qua duoc dua ra boi thuat toan Q-learning mo duogc dé xuat dugc so
sanh véi truong hop tham chiéu trong d6 A(s, n) dugc ¢b dinh vé 0 (duoc biéu thi la
treong hop 'NoDelta').

X&c suat chan trén mdi 6 va dbi twong thué trong giai doan khai thac/tham
doduoc quan sat thay rang nhitng cai thién dang ké dat duoc bang cach tiép can FQL

lién quan dén c4u hinh ¢6 dinh ('NoDelta"), dac biét 1a trong mién T1. Hon nira, hinh
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3.8 minh hoa su khac biét gitra viéc khai thac hoan toan hé thng (cb dinh T = 0) va
danh d6i khai thac/tham do (T ban dau = 0.9, véi téc d6 giam 1/650 trén mdi thoi
ky). Theo du kién, hiéu suat mang s& tét hon mot chat khi khong tinh dén tham do.
Tuy nhién, c6ng viéc ndy xem xét bat ky hanh dong tiém ning nao c6 thé mang lai

gié tri cao hon trong twong lai, do d6 phuwong phap thir hai dugc ap dung.

o
>

= e No Delta
Cell 2/ Tenant 2 E

Fuzzy Q-Learning

Hinh 3.8: Xac suit chiin trén mdi 6 va déi twong thué trong giai doan khai thac
thim do (hé s6 tham lam ban dau = 0.9)

Blocking probability

Cell 1/ Tenant 1
Cell 1/ Tenant 2

o2 1 Tenant.] /" Fuzzy QLeaming (¢ = 09)

/
Cell 2/ Tenant 2 N A
" Fuzzy Q-Leaming (¢ = 0)

Hinh 3.9: X4c suit chin trén mdi 6 trong khai thac (hé sé tham lam cé dinh = 0)

va giai doan khai thac thim do (hé s6 tham lam ban diu = 0.9)
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Cudi cung, cac gia tri chinh xac caa md phong cho 6 1 va 6 2 dugc hién thi
tuong ung trong bang 3.4 va 3.5

Bang 3.4: X&c suét chin (6 1) trong treong hop tham chiéu, khai thac thim do

(hé s6 tham lam = 0,9) va giai doan khai thac (hé s6 tham lam cé dinh = 0)

X&c suat chin

NoDelta| == |FQL(=09) | == |FQL(=0)
Cell | T1| 0157 | +452% | 0.0860 | +39.4%  0.0521
1 T2 | 00483 | +35% 0.0466 15% | 0.0473

Bang 3.5: X&c suit chin (4 2) trong treong hop tham chiéu, khai thac thim do
(hé s6 tham lam = 0,9) va giai doan khai thac (hé s6 tham lam cé dinh = 0)

Xac suat chan

NoDelta | == FQL (=0.9) == FQL (=0)
Cell | T1| 0.188 | +51.5% 0.0911 +6.8% 0.0849
2 T2 | 0.0485 +7% 0.0451 +10.1% 0.0405

3.4. Két luan chwong

Chuong 3 cta luan vin danh gia tong quan rat ra dugc viéc sir dung thuat toan
FQL la thuat toan Al phi hop nhét cho dé tai nghién ciru. Cai dit méi truong kiém
thir Matlab va khao sat két qua cua thuat toan FQL tir ¢ nghién ctu tinh kha thi caa
Al trong trién khai SON gia thuyét.
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KET LUAN

1.  Céc két qua dat dwoc

Luan van tap trung nghién ciu hé théng mang tu to chac SON, mang khéng
d6ng nhat HetNets. Cu thé luan vin dat duoc céc két qua sau:

- Nghién ciu tong quan vé hé thong mang tu to chicc SON, dinh nghia,
c4u trdc, cac chirc nang ti 1am viéc.

- Cac k¥ thuat dua trén trf tu¢ nhan tao Al dé tu ti wu hoa trén cac mang
khong dong nhat HetNets: k§ thuat hoc may, céc thuat toan lay cam hing tir sinh hoc,
hé théng mo.

- Phan tich ly thuyét vé kiém soét nhap cell cho hé thdng truy cap vo
tuyén nhiéu nguoi thué.

- T céc ly thuyét va céc ky thuat xir ly thuat toan da nghién ctu dua ra
dé xuat viéc sir dung k¥ thuat hoc may trong d6 hai thuat toan 1a hoc tap duoc giam
sat va hoc tap khong duogc giam sat (Fuzzy Q-Learning) trong trién khai gia thuyét
diéu khién tu chap nhan dich vu trong mang 5G.

- Cai dat MatLab, khao sat két qua thuat toan Fuzzy Q-Learning.

2. Huwdéng phat trién

Ludn van c6 thé dugc phét trién theo hudng nghién ciu 4p dung mé hinh thu
nghiém trién khai trong mai truong thyuc. Lay két qua kiém tha, trién khai lap dat ha
tang mang 5G caa mot nha mang cu thé 1a caa Tong Cong ty vién thong MobiFone

dé danh gia chinh xac hon céc 1ap luan ly thuyét da duoc nghién cau.
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