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CAC PONG LUC TICH HQP Al VAO TRUYEN THONG KHONG DAY

Céc hé théng mang khong day twong lai s& phat trién vao cac ha tang khong day duoc tich hop sau “truyén
thong”, “cam bién”, “tri tué” va “luu trir”. Cac nén tang nay sé& c6 kha ning cung cap cac dich vu tiy bién va ca
nhan hoa theo yéu cau, vuot troi cac kha ning cta cac hé thong truyén thong thong thudng dya trén cac kién
trdc ¢6 dinh va céc quy tic dugc dinh truéc. CAc hé thdng nay can sir dung cac cong nghé Al. Ching sé st dung
cac co so dir liéu va hiéu biét 16n cho suy luan va dua ra quyét dinh bang cach khai thac cac kha nang tong quat
hda cia cdc md hinh dé thich ing cac méi trudng va céac kich ban khéac nhau va cung cap an dinh tai nguyén toi
wu va cac giai phap quan Iy. Hai dong lec chinh cho tich hop truyén thong khong dy va Al nhu sau.

1) AI day xa giéi han cia cac hé théng truyeén thong khong day. Al c6 cac kha ning phi thuong trong
xt ly dit liéu 16n. Dy bao dén nam 2030 dir liéu dugc tao ra hang thang todn cau doi véi truyén thdng
khong day di dong sé dat dén 5016 EB (EB=10% Bytes)). Dir liéu nay bao gom dit liéu thiét bi dau
cudi, giao dién vo tuyén, mang va dich vu theo cac dinh dang khac nhau nhu van ban, ngdn ngit danh
dau mo rong (Extencible Marup Language), ngén ngir danh ddu siéu vin ban (Hypertex Markup
Language), d6 hoa, théng tin Audio/Video. Cac nha mang c6 thé sir dung Al dé dao tao va dua ra quyét
dinh dua trén suy luan trén céc kiéu sé liéu 16n khac nhau dé nang cao hiéu suat va tbi wu héa mang
theo cac muc tiéu va cac kich thudc khac nhau. Al c6 thé hoc tir dit liéu qua kha thong qua céc giai thuat
ML va xay dung cic mé hinh dé du bao cac y&u ciu mang va cac van dé c6 thé xay ra nhu nghén mang,
su ¢ thiét bi hay sy thay d6i hanh vi nguoi dung. Chang han Al c6 thé du doan trude cac dinh luu
lwong tiém ning trong cac ngay nghi dic thdi hay cic su kién dién rong va dua ra truéc cac bién phap an
dinh tai nguyén nhu ting dung luong caa BS tam thoi hay téi wu hoa cac chién luoc, nhd vay ngan chin
su ¢6 hé thong va ting cuong trai nghiém ngudi ding.

Kha nang thich ¢ng 1a mot dac trung noi bat cia Al. Cac méi truong truyén thdng khong day cé tinh
bién d6ng cao va chiu anh hudng cao cua cac nhan té khac nhau, nhu thoi tiét, dia hinh va cac thay doi
tai vi tri cac thiét bj nguoi ding. Kha niang thich wng caa Al cho phép n6 thuc hién diéu chinh nhanh
chéng theo cac bién dong moi trudng va cac thing giang trong cac diéu kién mang. Chang han khi, khi
ngudi dung di chuyén tir trong nha hay trong mot xe 6 to téc do cao, cuong do tin hiéu va nhiéu s& thay
do6i. Al co thé cam nhan dugc cac thay doi ndy theo thoi gian thyc va tu dong diéu chinh cac thong sb
truyén thong dé dam bao su 6n dinh caa chat lugng truyén thdng, thich &ng céc kich ban truyén théng
khac nhau va cai thién sy tinh cay va linh hoa cua cac hé thdng truyén thong khong day.

Khéc véi quan ly phan cap cia cac muc khac nhau trong céc hé théng truyén thong thong thuong, vé
mat ly thuyét, Al c6 thé hoc cac cau tric 4n va cac thong s khac nhau dé phd hop cac chirc nang phirc
tap tiy y. Diéu ndy cung cap mot cach thic hiéu qua hon dé cam nhan méi trudng khong day thay doi,
phtrc tap va md ta dic diém khong gian trang thai mang. Mat khéc, céc thiét ké cac mo-dun hé thong
truyén thong khac nhau c6 thé cd cac muyc dich xung dot va co thé cd cac rang budc hiéu ning giira cac
mo-dun. Ton tai cac danh doi giita cac s6 do hiéu nang, nhu dung luong kénh va nhidu, su tin cay truyén
dan va tiéu thu ning lugng hé thong. Qué trinh téi wu hoa timg mo-dum riéng 1é thuong khong thé dat
duoc hiéu nang t6i vu tong thé. Trong cac truong hop nay, Al c6 thé tao diéu kién thiét két ti uu hoa
két hop gitra cac mo-dun.

2) Al dé giai quyét cac thach thirc trong truyén thong khong day.Céc thach thic chinh dbi véi
mang truyén thong khong day 1a phai dap (ng cac yéu cau sau:
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e Sur dung tai nguyén phd tbt hon,

e Vung pha khéng day carbon thap,

e O&M (Operation and Maintenance: khai thac va bao dudng) hiéu qua va chi phi hiéu
qua hon

e Kha ning ca nhan héa va tiry bién theo yéu cau khach hang tét hon,

e Truyén dan tin cdy va an ninh tét hon.

Nguyén nhan cét 16i hé théng truyén dan khong day hién thoi khong dap tng dugc cac yéu cau trén 1a
chung khong du tri tug. Cac hé théng truyén din khong day twong lai s& phat trién vao mét ha tang

29 ¢¢

khong day tich hop sau “truyén thong”, “cam bién”, “tri tué” va “luu tri”.

TOM TAT Al

KET NOI VA CHONG LAN HQC MAY, HQOC SAU VA TRI TUE NHAN TAO

Al 1a su két ndi cua cac cong nghé khac nhau cuing 1am viée dé cho phép cac may cam nhan, hiéu biét,
hanh d6ng va hoc véi cac cap do tri tué nhu con nguoi. Cac ky thuat dua trén nguyén tic ciing nhu hé
thdng chuyén gia la cach tiép can dau tién dén Al. Cac cong nghé nhu ML (Machine Learning: hoc
may), DL (Deep Learning: hoc sau) va dix liéu 16n (Big Data) la tat ca cac phan cuaa bic tranh AI nhu
minh hoa trén hinh 1. Vi hau hét céc tién bo gan day trong Al 1a trong linh vuc hoc may, moi ngudi
thudng nham két hop Al véi ML.
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Artificial Intellegence: tri tué nhan tao; Machine Learning: hoc may, Rule-based Techniques: cac ky thuat dya
trén quy tac; Expert System: hé théng chuyén gia; Planning: quy hoach; Natural Language Understanding: hiéu
ngon ngt tu nhién; Robotics: Robot; Wireless: khéng day; Perceiving Sounds: cam nhan &m thanh; Problem
Solving and Learning: giai quyét va dé va hoc tap.

Hinh 1.

PHAN LOAI CAC TIEP CAN ML KHAC NHAU

ML la mot tap con vai muc dich trao cho mdt may tinh kha nang thuc hién cac nhiém vy ma khong co
c4c chi dan twdng minh cho trude 1a lam cach nao dé giai quyét né. Pay 1a mot mé hinh huéng dén xay
dung mot may tinh co thé hoc giéng nhu con ngudi. Qua trinh hoc bao gdm cung cap mot giai thuat
ML véi cac thi du vé nhiém vy ma ta mudn giai quyét (di liéu) va dé may tinh tim ra cac mau va thuc
hién cac suy luan dé téi uu hoa thuc hién quyét dinh theo muc tiéu duoc ngudi dung dinh nghia. N6i
chung, ML ¢6 thé duoc sir dung dé thuc hién kiéu cac nhiém vu khéc nhau bao gdm phan loai
(Classification), phan cum (Clustering) va dwa ra quyét dinh (Making Decision) vé dit liéu.
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Machine Learning: hoc may, Supervised Learning: hoc c6 giam sat, Unsupervised Learning: hoc khéng c6
giam séat, Reinforcement Learning: hoc ting cuong, Classification: ;phan loai, Regression: hdi quy, Clustering:
phan cum, Naive Bayes: la mot thuat toan don gian dua trén dinh ly Bayes, Deep Learning: hoc sau,Linear
Repression: hoi quy tuyén tinh, K-Means: 1a mét giai thuat don gian thuong duoc ap dung cho cac bai toan
phan cum, Nearest Neighbor: thuat toan lang giéng gan nhat, ANN (Artificial Neural Network: mang té bao
than kinh nhan tao, Decision Trees: cac cay quyét dinh, Gaussian Matrix: ma tran Gauss, SVM (Suport VVector
Machine): may vecto ho trg, CNN (Colvolution Neural Network): Mang neuron chap, RNN (Recurrent Neural
Network): mang neuron héi quy, Hidden Markov: Markov an.

Hinh 2.

Hoc c6 giam sat (Supervised Learning): hoc véi mét tap dao tao duoc gan nhan. Thé loai nay bao gdom
cac nhiém vu phan loai va hoi quy (Regression).

Hoc khéng co giam sat (UnsSupervised Learning): Qua trinh dao tao mot mo hinh st dung dit li¢u dao
tao khdng gan nhan. Mé hinh phai kham phé cac mau trong dir liéu khdng gan nhan. Nhiém vy duoc sir
dung rong réi trong hoc khong co6 giamsat la phan cum (Clustering).

Hoc ting cuong (Reinforcement Learning): Qua trinh ddo tao mot md hinh trén mot chudi cac hanh
dong dan dén mot két cuc phd bién, trong d6 hé thong nhan duoc cac phan thuong cho thyc hién tét va
c4c trirng phat cho thuc hién toi truc tiép tir méi truedng cua né. Hoce ting cuong dugc sir dung trong
robot va cac tro choi. Hinh 3 cho thay phan loai ML.
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Hinh 3.

HQC MAY TRONG CAC MANG TE BAO THAN KINH SAU (DNN: DEEP NEURAL

NETWORK)
Hoc may
\ 4 y
Hoc khéng cé giam sat Hoc c6 gidm sat Hoc tang cwong
- Phan cum - Phan loai
- Giam kich thudc - H6i quy

Hinh 3
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MANG TE BAO THAN KINH SAU KET NOI HOAN TOAN

Mang té bao than kinh bao gdom céc té bao than kinh, con duoc goi 1a perceptron dwoc Sip Xap Vao céc
16p. Céc 16p bao gom Iop dau va, 16p dau ra va nhiéu 16p ¢ gita duoc goi 1a cac 16p an. Mang té bao
than kinh nhiéu 16p con duoc goi la mang perceptron da 16p.

b) Tinh toan t6ng cé trong s6 cho tirng I&p
Cac neuron
(cac kich hoat)

Lop 1 Lop 2

. o
3

.

Cac neuron daura

Lép daura DPau vao cac neuron |6p.1

Lép dau vao . (vi du céc pixel ctia hinh anh)
Lop an PAu ra cac neuron I6p 1
(cling dworc biét 1a cac kich hoat)
Céc khop synapse Neuron: t& bao than kinh); Snapse: khép than kinh
(trong so)

Hinh 4.
Vi du vé mang neuron trong d6 16p dau vao c6 ba neuron véi cac pixel anh | 1a X1, X2 va x3 va lp an c6

bdn neuron véi cac dau ra la yi, Y2, y3 Va ya Dau ra ciia neuron j dugc tinh nhu sau:

3
yj:f[Zvvijxxi+bJ:f wxx+b =f x'w,x+b (3.1)

i=1

Trong d6

T I v 2A 1A
X=X X X ,w.:[wllj W, W3’J , b1a do léch

|
i=1,2,3vaj=1,2,3,4

X , Wj,va ¥j 1a vecto kich hoat dau vao, vecto trong sd, kich hoat dau ra ctia neuron j va f (+) 1a mot ham
phi tuyén tinh duoc md ta trong phan sau.

Tong quat cho mang neuron trong d6 16p dau vao c6 K neuron va 16p an a c6 N neuron, dau ra cua
neuron j dugc tinh nhu sau: :
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K
Y; :f(Zwijxx+bJ:f W, x X+
i=1
Néu két hop do léch b vao vecto trong sé nhu di xét trong chuong trudc, ta co:
T
X=1 X ... Xeg X¢ W = [b Wi e Wiy WKJ

i=1,2,..., Kvaj=1,2,...N

Ta c6 thé biéu dién phuong trinh (3.1) vao dang tich cua cac ma tran nhu sau:

y=Ff Wix =f x'W (3.2)

Trong d6 y =]y, ...,yj,...,yNTlé vecto cia N dau ra cua lop dnva. x =[1 X, ..., ,...,XK:|T la

vecto cia K dau vao cua lop dau vao, T ky hiéu cho dao vi va ma tran trong sb:

WO,l WO,j WO,N
Wl,l Wl,j Wl,N
W =
W, Wi Wiy
| Wiy Wigjooe Wiy |

Trong d6 wojj 1a d6 léch cho timg dau vao cua lop an.

Trong linh vyc mang no-ron, c6 mat linh vuc dugc goi la hoc sau (Deep Learning), trong d6 mang no-
ron c6 nhiéu hon ba 1dp, tirc 1a nhiéu hon mot 16p an. Ngay nay, s6 lugng 16p mang dién hinh dugc sir
dung trong deep learning dao dong tir nam dén hon mot nghin. Trong phan nay, ta s& sir dung thuat ngix
mang neuron sau (DNN: Deep Learning Network) dé chi c4c mang neuron duoc sir dung trong hoc sau.

CAC HAM PHI TUYEN TINH

Mot trong cac phan tir quan trong nhat ciia cac mang neuron sau la cac ham phi tuyén tinh con duoc goi
la c&c ham kich hoat. Chlng chuyén d6i cac dau vao tuyén tinh thanh cac dau ra phi tuyén tinh dé tao
diéu kién cho hoc céac da thirc bac cao.
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Neuron

f(z) Prediction . .

Neuron: té bao than kinh;
0 Activation Function: ham kich hoat
Activation Prediction: du doan

function

Hinh 5.

Thi du vé mot s6 ham phi tuyén tinh (d6) va cac dao ham bac mét caa chiing (xanh da troi). (a) ham
tangent hyperbol, (b) ham Sigmoid, (c) ham don vi tuyén tinh chinh luu (RLU: Rectified Linear Unit)

(a) (b) (c)

<1 45

13

40,
13
1 n 0,5
3 5 3 2
0,5 1
5 iL 5
41 ! 0 T + 7
Tanh Sigmoid RelU

Hinh 6.
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MANG TE BAO THAN KINH TICH CHAP (CONVOLUTIONAL
NEURAL NETWORK)

Deep CNN hién dai: 5-1000 I&'p 1-316p
A
Lép Cac tinh nang Cac tinh nang Lép Céc tinh nang Cac diém s6 loai
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Tich chap Phi tuyén Chuan héa Gop Phi tuyén tinh

K&t n&i hoan toan

(Convolution) (Non-linearity) (Nomalization) (Pooling) (Fully Connected) (Non-Linearity)
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Hinh 7.

Tich chap

h(t) = [ F(t-)g()de
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o
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Hinh 8.
Pooling (gop)

Mot s6 trong s cac 16p giam mau phd bién nhat 1a gop cuc dai (Maximum Pooling), gop trung binh
(Average Pooling) nhu dugc minh hoa trén hinh vé hay gop trung binh toan cuc (Global Average
Pooling).

Gop cuc dai

32 | 5
GoOp 2x2, sai chan 2 21
9 3 5 3
10 | 32 | 2 2
21 9 Gop trung binh
7 \ 3
12

Hinh 9.
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DPAO TAO VA SUY LUAN (TRAINING AND INFERENCE)

TONG QUAN

Cac giai doan dao tao va suy luan

Giai doan dao tao Giai doan suy luan
A A
-

o . D liéu
Mo hinh dwoc dao i,
tao

Hinh 10.

PAO TAO DNN

Trong trudng hop cu thé cua DNN, viéc hoc nay lién quan dén viéc xac dinh gia tri cia trong sb (va do
léch: Bias) trong mang va dugc goi 1a ddo tao mang. Sau khi duoc dao tao, chuong trinh ¢ thé thyuc
hién nhiém vu caa minh bang cach tinh toan dau ra cua mang bang cach sir dung trong sé dwoc xac
dinh trong qua trinh dao tao. Chay chuong trinh vai c4c trong sé nay duoc goi la suy luan. dao tao dugc
thuc hién dya trén cuc tiéu hoa ham mat mat (Loss Function) hay ham chi phi (Cost Function)

Céac ham mat mat va chi phi (Loss Function and Cost Function)

Ham nay trinh bay 18i d6i véi mot du doan cho trude. Bé vy, ddi vai mot mau du doan cho truée, nd
so sanh du doan f(x,,W) vai su that co ban yi (dé don gian ta ky hiéu W 1a tat ca cac tham so W2, ...,
WM trong perceptron nhiéu 16p da xét & trén). Ham mat mat duoc ky hiéu nhu sau ¢ y,f(x,W) . Mat

mat trung binh trén tat cac cac mau dao tao (N) duoc goi 1a ham chi phi (Cost Function) va dugc dinh
nghia nhu sau:

11
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LW) =35 Y, fxW)

QUuA trinh dao tao

Pao tao (Traning) 1a mot qua trinh trong d6 mo hinh AI/ML hoc cach thuc hién cac nhiém vy nhat dinh
ctia no, cu thé hon 1a bang cach téi wu héa gid tri cua trong s6 trong DNN. DNN dugc dao tao bang
cach nhap mét tap huan luyén, thuong 1 cac mau dao tao dugc dan nhan chinh xac. Vi du, phan loai
hinh anh, bo dao tao bao gdom céc hinh anh duoc phan loai chinh x4c. Khi dao tao mot mang, c4c trong
s6 (wi) thudong duoc cap nhat bang cach sir dung quy trinh t6i wu héa leo ddi (hill-climbing) duoc goi
la giam d6 ddc (gradient descent). Do dbc cho biét trong s s& thay d6i nhu thé nao dé giam mat mat
(khoang céch gitra dau ra chinh x4c va dau ra do DNN tinh toan dua trén trong sé hién tai cua nd). Boi
sb cua gradient cua mat mat so vai ting trong sé 1a dao ham riéng duoc sir dung dé cap nhat trong s6

(vi du: trong s6 cap nhat wii = wj, - oc;—l', trong d6 o dugc goi 1a toc d6 hoc) . Luu ¥ rang gradient
i

chi thi rang cac trong s can thay d6i nhu thé nao

dé giam mat mat. Qua trinh dao tao duoc lap di 1ap lai dé lién tuc giam mat mét tong thé. Cho dén khi
mat mét duéi ngudng xac dinh trudc, DNN véi do chinh xac cao s& thu duoc.

Ma gia (pseudocode) cho dao tao

Algorithm 1 Train Perception

Procedure TRAIN ({x;,y.})
Initialization: initialize randomly the weights w and bias b
while 3i €{1,....,N}, f(x;,w,b) == y.do
Pick i randomly
error=y, —f(x,w,b)
if error =0 then
oL
WW-—o—
3,

W
b<b+error

Céch tinh toan cac dao ham riéng cua gradient hiéu qua I1a thdng qua mot qua trinh duoc goi la truyén
lan nguoc (Backpropagation). Truyén lan ngugc, tinh toan dugc rit ra tir mot quy tac tinh toan day
truyén (Chain Rule), hoat dong bang cach chuyén nguoc qua mang cac gia tri dé tinh toan mat mat da
chiu anh hudng cua tirng trong s6 nhu thé nao.

12



TS. Nguyén Pham Anh Diing

(b) Tinh toan gradient cho tn thit lién

(a) Tinh toan gradient cho ton that lién I %
quan dén céc trong so

quan dén cac dau vao bo loc

Truyén lan nguoc Truyén lan nguoc

e

Wy,1

/

( Jer)
|

Appartr A
\l

\
D

e
2ooe
29

W3 4

1A
2

X3

e

Hinh 11.

C6 nhiéu cach dé dao tao mang (dao tao trong s6) cho cac muc tiéu khéac nhau. Gigi thiéu ¢ trén 1a hoc
c6 giamsat (supervised learning) sir dung cac mau dao tao duoc gan nhin dé tim dau ra chinh xéac cho
mét nhiém vu. Hoc khong giam sat (unsupervised learning) st dung cac mau dao tao khéng dugc gén
nhan dé tim c4u trdc hoic cum trong di liéu. Hoc ting cuong (Reinforcement learning) c6 thé duoc st
dung dé dua ra hanh dong ma tac nhan nén thyuc hién tiép theo dé tdi da hoa phan thudong mong doi.
Hoc chuyén giao (transfer learning) 1a diéu chinh cé4c trong sé di dugc dao tao trudc d6 (vi du: trong s6
trong mé hinh toan cuc) bang cach st dung mot tap huan luyén méi, dugc sir dung dé dao tao nhanh
hon hodc chinh xac hon cho mot mo hinh duoc ca nhan héa.

Pao tao ting cwong sau (RL)
Hoc tang cuwong sau (DRL: Deep reinforcement learning)

Hoc tang cuong sdu (DRL: Deep reinforcement learning) khong phai & moét mé hinh DNN khéc. No
bao gom DNN va hoc tang cuong. Nhu minh hoa trong hinh dudi muc tiéu caa DRL 4 tao ra mot tac
nhan thdng minh c6 thé thyc hién cac chinh sach hiéu qua dé t6i da hoa phan thudng cua cac nhiém vy
dai han véi cac hanh dong cé thé kiém soat duoc. Ung dung dién hinh cua DRL la giai quyét cac van

13
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dé 1ap lich khac nhau, chang han nhu cac van dé quyét dinh trong trd choi, Iya chon téc do truyén

video, V.v.
Tac nhan B
(Agent) ~
> 77, e
X w
—~ — o
> -/ ' sy
\_/l
Hanh dong
(Action)
Phan thuwdng (Rewward)
Moi truong 1
Environment)
Trang thai (State) J

Hinh 12.

HQC PHAN TAN

Hoc phan tan dua trén tri tué phan tan gdom ba thanh phan: (a) FL (Federated Learning: hoc lién két),
(b) MARL ( Multi-Agent Reinforcement Learning: hoc tang cuong da tac nhan) va (ic) SL (Split

Learning: hoc chia s¢), nhu dugc minh hoa trong hinh dudi.

EEC

IDéo tao I
D, e
f it ST R
% :% ég g C><-M:;mg truyén thong O ]
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— 1 Phén thuong
) t an thuong y
til _ t =t g = Z D9
o™ =0'+ng %IDKI KR D0 Trang thai s I
Cap nhat Ténghop 1| [, - ]
| s 7| Agent 1 hanh dong
[ =
1, N <
B~ A s Jhanh dong| =
| $2_,| Agent 2 hanhafong kéthop | o
Tai xudng | | Tai lén | a §
mo hinh Gradient | : S
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I o
I
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@
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1

I Client . 5

: | Dir liéu dau vao |

1

| | Céc 16p 4n |

1

: | Péu ra client |

Locoocobmmomooooosoosk e
Server

| Dit liéu dau vao server |

| Céc 16p 4n |

| Chc 16p 4n |
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1) FL.FL la mot md hinh cta tri tué phan tan cho phép ting cuong tinh riéng tu bang cach dao tao
cac mé hinh Al tai cac thiét bi cuc bo va chi chia sé cac théng sé md hinh thay vi dit liéu tho.
Trong qué trinh dao tao, timg nut client dao tao cuc bo va tai 1én cac trong s6 mo hinh déu dan.
Mot nit trung tdm tong hop cac trong s6 nay va hdi tiép céc trong sé dugc tong hop dén client
cho vong dao tao tiép theo hay cho suy luan. Trén hinh ( a) qua trinh bat dau véi tai xuéng md
hinh toan cuc w® cho vong t dén cac thiét cuc bo. Tung thiét bi k dao tao mé hinh trén tap di
lieu D riéng ctia minh, tao ra mot cap nhat gradient g'" va sau d6 né duoc cap nhat dén server
thdng s6. Server nay 4p dung giai thuat trung binh binh héa lién két (FedAvg' Federated

Averaging) dé tong hop cac cap nhat ndy va gradient toan cuc g& = Z|D o\ sau do6 cap

ZID
nhat md hinh toan cuc w**cho vong tiép theo.
2) Hoc ting cwong da tac nhan (MARL: Multi-Agent Reinforcement Learning)

Trong moéi truong chia s¢, cac tac nhan hoc tim kiém céc giai thuong riéng cho minh. Hé thong da
tac nhan (MAS) bao gdm mot tdp hop cac tic nhan ra quyét dinh ton tai trong mot moi truong
chung, nhu minh hoa trong hinh (b). Céc tc nhan nay quan sat méi truong cua chiing va giao tiép
v6i nhau dé thyc hién cac hanh dong phu hop véi muc tiéu cua chung. Thiét 1ap da tac nhan lién
quan dén viéc quan 1y cac qua trinh ra quyét dinh va hoc tip ctia nhiéu thuc thé c6 thé twong tac véi
nhau va moi truong chung ctia chung.

3) Hoc hoc phan chia (Split learning)

Do cac han ché cia céc thiét bi bi rang budc tai nguyén khong thé hd tro cac mo hinh hoc sau hay
cong tac FL. SL (Split Learning: hoc phan chia) moi 1én nhu 1a mot giai phap kha thi. SL phan chia
cac mo hinh ML bang cach phan tan cac phan khac nhau gitta client va server dé dam bao rang di
liéu van duoc an ninh. Trong khi cac nhiém vu tinh toan niang duoc trao cho cac ndt trung tam
manh mé, thi cac 16p xir Iy dit liéu nhe hon dugc van duogc gitr nguyén tai dau cudi noi luu trix di
licu nay. Nhu 12 mot giai phap thay thé hay bo sung cho FL, SL giam ganh nang xir ly trén cac thiét
bi bi rang budc bai tai nguyén

CAC YEU CAU VE HIEU SUAT POI VOI HOC PHAN TAN/ LIEN KET

e Mat mat dao tao
Mat mat dao tao la khoang cach giita dau ra chinh xac va dau ra dugc tinh toan bai md hinh
DNN, cho biét mé hinh DNN dugc dao tao phi hop véi dit lidu dao tao nhu thé ndo. Muc dich
ctia nhiém vu dao tao 1a giam thiéu mat mat dao tao. Mat mat dao tao chii yéu bi anh huong boi
chat lugng cua dir liéu ddo tao va hiéu qua cua cac phuong phap dio tao, tic 14 liéu ¥ nghia cia
dir liéu ddo tao co thé duoc kham pha day di va ding dan hay khong. Déi vai hoc lién két, chi
khi dir liéu dao tao cuc bo co gid tri ¢d thé duoc hoc day du trong thoi gian lap lai va céc ban cap
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nhat dao tao cuc bo c6 thé dugc bao céo chinh xac cho may chu dam may trong khoang thoi
gian muc tiéu, mat mat dao tao méi co thé duoc giam thiéu.

e Tré dao tao
Do tré dao tao 1a mot trong nhitng chi sé hiéu ning co ban nhat caa nhiém vu dao tao mé hinh
AI/ML Vi n6 anh hudng tryc tiép dén thoi diém mo hinh duge dao tao c6 san dé sir dung. Ngay
nay, dao tao dya trén dam mdy thuong mat vai gio dén nhiéu ngay. Do tré cua qué trinh hoc
phan tan/lién két s& mat nhiéu thoi gian hon néu do tré tinh toan hoac do tré truyén thong khong
dugc giam thiéu.

e Hiéu qua nang lugng
Déi véi hoc phan tan/lién két, ca qua trinh tinh toan va truyén théng déu tiéu tén nang lugng
dang ké. Kién trdc va giao thicc hoc phan tan ciing nén xem xét cac han ché vé ning luong trén
cac thiét bi dao tao va hiéu qua ning luogng trén thiét bi ciing nhu phia mang.

e Quyén riéng tu
Khi dao tao md hinh DNN bang céch st dung dit liéu c6 nguon gbc ti: mot lwong 16n cac thiét bi
dau cubi, dit liéu thd hoic dir liéu trung gian phai dugc chuyén ra khoi céc thiét bi dau cudi. So
véi viéc bao cao cho méay cha dam may / bién, bao vé quyén riéng tu & céc thiét bi dau cudi co
thé giam &p luc bao vé quyén riéng tu & phia mang. Vi du: hoc lién két 12 mot cach tiép can dé
chiu dé tranh tai di liéu thé tir thiét bi Ién mang, nhu yéu cau cua dao tao dua trén dam may.

SUY LUAN MO HINH AI/ML AI/ML (AlI/ML MODEL INFERENCE)

Sau khi DNN duoc dao tao, né ¢6 thé thuc hién nhiém vu cia minh biang cach tinh toan dau ra coa
mang bang céach sir dung trong sé duoC Xac dinh trong qua trinh dao tao, dugc goi la suy luan
(Inference). Trong qué trinh suy luan mé hinh, dau vao tir thé gidi thuc dugc truyén qua DNN. Sau do,
du doan (Prediction) cho nhiém vu 14 d4u ra, nhu trong hinh dudi day. Vi du: dau vao c6 thé 1a pixel
ctia hinh anh, bién do ldy mau cua séng &m thanh hoac biéu dién s cua trang thai cia mot s6 hé théng
hoic trd choi. Twong tmg, dau ra ciia mang co thé 1a xac suat ma mot hinh anh chira mot déi tugng cu
thé, xac suat ma mot chudi am thanh chira mot tir cu thé hoac mot hop gisi han trong hinh anh xung
quanh mét d6i twong hodc hanh dong dugc dé xuat nén dugc thuc hién .

Suy luan mé "~
hinh Al/ML cay

Paura

Hinh 14
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PHAN PHOI VA LUA CHON MO HINH THICH UNG CO SAN CHO SUY LUAN

Nhu minh hoa trong Hinh duéi day, mé hinh AI/ML c6 thé dugc phan phdi tir diém cudi mang (NW
endpoint) dén céc thiét bi khi ching can dé thich ¢ng vai cac nhiém vu va méi truong Al / ML da thay
doi.

T8 hop md hinh Al/ML

Tai xudng md hinh
AL/ML tryc tuyén

Mé hinh Al/ML duwoc
cap nhat cho nhiém
vu va moi truong mai

Mo hinh Al/ML dwoc
cap nhat cho nhiém vu
va moi truong hién thoi

B T T

Thay d6i nhiém vu va méi truang

Hinh 15.

Mo hinh dwoc phan phéi ¢ thé duoe xac dinh theo hai cach: dugc yéu cau boi mot thiét bi hodc dugc
diéu khién boi mot may cha mang. Diéu kién cua co ché dau tién Ia thiét bi c6 thé dwa ra quyét dinh lua
chon / lya chon lai mé hinh dwa trén su hiéu biét vé nhiém vu AI/ML sip t6i, méi truong va danh sach
cac mo hinh ¢6 sin tai may cha mang. Nhu thé hién trong hinh dudi day, bd chon mé hinh trén thiét bi
duoc dao tao dé chon DNN tdt nhat cho céc dir liéu dau vao khéac nhau.

A 4

| i .I Chiét xuat moi truong N Lya chon Tai xudng mo Suy luan

va nhiém vu AI/ML mo hinh AlI/ML hinh AI/ML Al/ML
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SUY LUAN PHAN CHIA

Nguyén ly suy luan phan chia (Split Inferrence)

Phan thiét bi dau cusi Phan mang
(thao tac/mé hinh Al/ML mét phan) (thao tac Al/mé hinh mét phan)

Céc dau vao |’_J‘> l:"> :\]> Cac dali ra
suy ludn
S8 liéu trung
gian

iy

BDiém cudi AL/ML
clia mang

Thiét bj dau cudi

Hinh 17

Chon diém phan chia

Hinh dudi day minh hoa chon diém phan chi dua trén kich thude dua liéu dau ra cia phan suy 1an tai

UE cho nhan dang anh trén mang AlexNET.

Piém phan Piém phan Diém phan Diém phan
chiatngclr  chia tng clr chia tng clr chia &ng cir
0 2 3

T e e

Diém phan
chia tng cl

4

3 Layer latency
Il Size of output datf | |

.

=

glood “ !
S — ]

CNN cho nhan dang hinh anh (Alex NET)

Layer latency: tré |&p; Size of output data: kich thudc dit liéu dau ra

Hinh 18
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Cé4c ché d6 phan chia
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Hinh 19
TICHHOQP AI/ML VAO MANG TRUYEN THONG DI PONG 6G

Pé khic phuc céc han ché cia 5G nham hd trg cac yéu cau mai, can phat trién mot hé thong khdng day
thé hé 6 (6G) voi cac tinh nang hap dan méi. Cac dong luc chinh cua 6G sé 14 sy hoi tu cua tat ca cac
tinh nang cii nhu mat do mang cao, thong luong cao, do tin cay cao, tiéu thu cong suat thap va két ndi
s6 dong. 6G ciing sé& tiép tuc xu thé cua cac thé hé truéc nhu dua ra cac dich vu méi ciing véi cac cong
nghé b6 sung mai. Cac dich vu mai bao gom  Al, cac thiét bi deo thong minh, cac thiét bi cay trén
ngudi, giao thdng tu dong, céac thiét bi thyuc té ao, cam bién va 1ap ban d6 3D. Yéu cau quan trong nhat
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d6i véi cac mang 6G 1a kha ning xir Iy khéi lwong 16n sé ligu va két ndi tée do sé liéu cao trén mot
thiét bi.

Hé thdng truyén thong khdng day 6G sé ting QoS nhiéu lan so véi 5G cling véi mot sb tinh nang hién
c6. N6 s& bao vé hé théng va dam bao an ninh s liéu ngudi ding. N6 s& cung cap céc dich vu tién loi.
Hé théng truyén thong khong day 6G dugc Ky vong 1a mot phuong tién truyén thong toan cau. N6 dugc
dur kién dat toc d6 vao khoang 1Tbit/s trong nhiéu trudng hop. 6G duoc ky vong dam bao két nbi dong
thoi 1000 lan cao hon 5G.

Ngoai ra né ciing duoc ky vong dam bao két ndi cu ly rat xa véi d6 tré chi 1 ms. Tinh ning hap dan
nhat cia 6G 1a dam bao hd tro hoan toan Al cho cac hé théng tu lai. Trong truyén thong 6G, du tinh
lwu lwong kiéu video s& néi troi. Cac cong nghé quan trong nhat déng vai trd dong luc cho 6G sé la
bang tan terahertz (THz), Al, truyén thong khéng day quang (OWC: optical wireless communications),
ndi mang 3D, thiét bi bay khong nguoi lai (UAV: unmanned aerial vehicle) va chuyén cong suat
khong day.

TAM NHIN TiCH HQP Al VA MANG TRUYEN THONG 6G

C6 thé muong tuong mirc do tich hop giira 6G va Al tir ba goc nhin: Al cho mang (Al4N: Al for
Network), mang cho AI (NET4AI: Network for AI) va Al nhu 1la mot dich vu (AlaaS: Al as a Service).

Al for Network Network for Al Al as a Service

= @ ¢ 2 Q)

A/{:é:} Van tai Robot cong P NN
((r 7))) K&t not T~ théng minh nghiép thang minhY té txa Truyén thong
—) Tinh toan nhap vai
(@) ®
SESCAN | [ 58 (@
Luu trir Dir liéu/nhan thirc % Ill

Al for Network: Al cho mang, Network for Al: mang cho Al, Al as a Service: Al nhu la mét dich vu.

Hinh 20

AIANET

AI4NET dé cap dén kich ban trong d6 tri tué nhan tao/hoc may (AI/ML) dugc sir dung dé ting cudng sirc manh
cho mang. Trong bdi canh nay, cic cong nghé Al dugc khai thic dé nang cao va ti wu hoa hiéu suit va quan ly
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mang khong day. Muc tiéu tong thé ciia AI4NET 14 tan dung tri tué nhan tao dé ting cudng hiéu qua, tinh 6n

dinh ctia mang va cuoi cung la hi¢u suat mang va trai nghiém nguoi dung.

Tai giai doan nay, chi tap trung 1a 1am thé nao sir dung cac giai thuat AI dé toi wu hoa hiéu suat truyén
thdng va cac chirc nang mang. Chang han, Al ¢6 thé ti vu hoa qua trinh diéu ché va giai diéu ché dé
truyén dan tin hiéu chinh xac va hiéu qua hon; vai su hd trg cua Al, tai nguyén mang c6 thé duoc an
dinh théng minh dé dat duoc can bang tai, va va cé thé xay dung quan ly O&M tu dong dé cai hién
hiéu suat O&M va giam chi phi. Viéc dua vao Al khong dugc ky vong c6 anh hudng dang ké Ién kién
trdc mang goc. Thay vao d6, né cai thién cac van dé truyén thdng trong viéc nhan biét dac thu bang cac
dao tao cac mo hinh giai huat AL Qua trinh nay tuong ty nhu cdy ghép chinh xac cac miéng va thong
minh vao mang. N6 khong chi duy tri sy 6n dinh kién tric mang ma con tir tir ting cudng muc do
thdng minh cua mang.

Khai niém AI4NET duoc trinh bay trong hinh dudi day, trong do Al khéng day c6 cac kha nang nhu
chiét xuat tinh nang, du doan thich tng, tdi wu héa, xtr ly thoi gian thuc, danh gia twong quan va phan
cum canh hién truong (Scene Clustering). Céc kha nang nay tao 1ap nén tang cua cac mang khong day
dugc Al hd trg va c6 thé duoc trién khai truc tiép trén BS va CN dé tao diéu kién cho truyén thong
khong day.

’ . Cac chinh sach Al
tap trung

Cac mang
Toi wu héa cic thong s6 Didu phéi tai nguyén BAéo ton tai
mang dwa trén Al dwa trén Al nguyén dwa trén Al

7

y/’/// — \ \/
/ = Cac ¢hinh sach < ()
‘ @@@ @é Al phia mang @ N
T @

Mang

. _/\ truy nhap
MGi trwong ngwoi dung Tag?agocﬂ:gv g'f:yz}:lat
JUENNND. NN NS dya trén Al )
i @ N (¢ )))
| O [{i}] <= E‘gj "
i ot i Al duwoc dia
EGEB !E! L% : phuong héa
Céc thit bj | oN S | g Y
khac nhau \ % g'g /
Hinh 21

Ting cwdng hiéu suat giao dién vo tuyén:
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e Giai thuat phan hoi CSI dua trén Al
e May thu OFDMA dua trén Al

Ban tin gdc

A\ 4

Y

Piéu ché& QAM IFFT

Ban tin
khoi phuc

May phat OFDM truyén thdng

T6i wu héa w bing cich cuc
tiéu hoa mat mat:
L=Y.Y True

Y=f X,®
f,=Xx,xw,+b

Truyén lan nguoc

........................................................

Kénh khong day

Loai bé CP j

A

Paura Liépan
Mang neu-ron sau @

QAM (Quuadrature Amplitude Modulation): diéu ché bién d6 cau phuong, IFFT (Inverse Fast Fourier

Transformation): bién d6i Fourier nhanh déo, CP (Cyclic Prefix): tién t6 chu trinh.

Hinh 22.

e Quan ly bup séng dua trén Al
a) Diéu khién bup song hudng dén ngudi dung

b) Piéu khién RIS (Reconfigurable Intellegence Surface)

Mang mit phang déng dang

B6 chon bup

A

O/ Lcrp ddu ra @

/ Nguoi ding 1

Nguoi dung ¢

M6 hinh Al

Nguoi dung L
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RIS

Truyén din truc xa

L} UE

Hinh 24.

e Dinh vi dua trén Al

Cai thién hiéu nang O&M mang:

e Du bao luu lugng dua trén Al: Trong cac phuong phap du doan luu lugng, mét BS thong
thudng can thu thap di liéu tir cac vi tri dia 1y khac nhau, diéu nay khdng thé tranh khoi dua
vao chi phi truyén théng gian tiép bo sung va cac rai do an ninh tiém ning. Két qua 14, cac
phuong phap du doan dua trén hoc lién két (FL: Fedeerated Learning) di ndi 1én. Phuong phap
FeDDA di duogc dé xuit, n6 cho phép giam dang ké tré va chi phi bang thong gian tiép lién két
véi truyén dan di liéu vi chi phét cac thdng sé mo hinh thay vi dix liéu luu luong thé.

e Bao t6n ning luong BS dua trén Al: Chién luoc tiét kiém ning luong cho BS dya trén hoc ting
cuong (RL: Reinforcement Learning) giita tac nhan va mdi truong khai thac, thay dbi dong céac
thong sb dé thich tmg cac thay doi tai dich vu va cac giao dong trong cac diéu kién kénh.

e Tbi wu hoa cac thong sé mang dua trén Al:

Cac théng s6 khac nhau trong cac mang hién thoi

Kiéu théng sb

Tén thong so

Linh vuc ap dung

Théng s6 thiét bi dau cudi

Ty 18 16i khoi
Thong tin luu lugng
Bao cao do dac

Ti vu hoa 1ap lich
Giam sat luu luong
Ma4 hoa thich tng

Thong s6 giao dién vo tuyén

Tré thoi gian da dudng
Nhiéu giira cac 0
Thong tin trang thai kénh

Lap mé hinh kénh
Loai bo nhiéu
Du bao trang thai kénh

Théng s6 CN

I\]hat ky hoat dong
Cau hinh topo mang
Tiéu thu nang lugng mang

Xu ly 16i
~ Can bang tai
Tiet Kiém nang luong

Théng sé dich vu

Thoi gian truc tuyén
Giao thuc van tai
Lich st tiéu thu

Dich vu duoc ca nhan hda
biéu khién truyen dan
Giam sat dich vu
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Cac md hinh Al da chung to cac wu diém khong thé di doan trudce trong diéu chinh théng s6 quy mo
I6n, khdp phi tuyén tinh (Nonlinear Fitting) va ti wu hoa thai gian thuc

e Quan Iy di déng dua trén Al: Al c6 thé du doan cac hanh vi ctia ngudi ding, bao gom téc do va
phuong di d6ng, bang cach dé cho phép chon va chuyén giao cha dong gitra cac 6 dé giam chi
phi bao hiéu. Thong qua RL va céc k¥ thuat khéac, Al cé thé tdi uvu hoa dong cac chién luoc quan
1y di dong dya trén moi trudng mang va hanh vi ngudi ding, Xt Iy cac méi trudng mang tét hon

e Diéu phai dya trén Al: Véi hang tram ty thiét bi dugc két ndi, dir liéu duoc tao ra khong ngung
tang trudng bung nd. Chi don gian ting cuong cac kha ning truyén thong 1a khong du- dé dap
g céc yéu cau xu ly dit liéu thoi gian thyuc trong céc kich ban wng dung diéu khién. Bing cach
khai thac cac kha ning truyén thdng va tinh toan tai bién mang va tai phia thiét bi, toan bo qué
trinh thu thap, xa Iy, phan tich dir liéu va dua ra quyét dinh dugc thuc hién gan phia thiét bi hon
nho vay tranh duoc nhuge diém tré gay ra bai nghén trong CN. Piéu ndy dan dén didu phdi phai
dia trén AL Diéu phdi dua trén AI ddi mit nhidu thach thirc va cac co hoi trong twong lai.
Chang han, can nhanh chéng cai thién céac giai thuat DRL dé d6i pho cac mdi truong c6 kha
ning thay d6i. Can ra sirc ting cudng su thich ¢ng vai cac kich ban phic tap dé dap tng yéu cau
tai nguyén da dang trong cac kich ban dac biét caa cac nghanh cong nghiép khac nhau, cai thién
danh gia hiéu suit va ting cudng tinh twong tic cua giai thuat.

e Nndn thic tinh trang va phat hién hw hong dwa trén Al: Céng nghé nhan thuc tinh trang cho
phép cac mang truyén thong kha ning gidm sat, dy doan va cac kha ning dap tng thoi gian
thuc. Cac ¢ng dung cua nd bao géom quén Iy va téi wu hoa, an ninh mang ciing nhu phat hién va
di bao hu hong. Nhan thuc tinh trang thu thap, luu trir va phan tich cac khéi lwong 16n dit liéu
mang théng qua cac nén tang dix liéu 16n va cac ky thuat DL, qua d6 cung cap tinh bao mdi de
doa (Threat Intellegence) chinh xé&c va kiém tra luu luong todn dién. Cong nghé nay str dung
DL dé nhan dang chinh xé4c cac trang thai cia cac phan tir khéc nhau bao gém luu lugng mang,
cac nhat ky va cac chi sé hiéu suat quan trong (KPI), du doan cac xu thé phat trién mang va
chinh thizc hoa céc chién luge dap ang chinh xéac thong qua thong tin phan tich thu nhan dugc
Vva C4c trang thai duoc du doan dé thuc hién chuyén tir “phong vé thu dong” sang “phong vé chit
dong”. Phan tich hu hong mang cau thanh mét trong cac phan tar thiét yéu caa O&M. Vi sb
lugng cac thiét bi ting va quy mdé mang ma rong, sé luong cac canh bao mang tang bung nd va
quan hé giira ching cuc ky phuc tap. Ap dung AI dé xay dung mot mé hinh phan tich phat hién
hu hong cho ta mo hinh ¢é kha niang phan tich dir liéu da chiéu cho phép n6 phuc vu nhu 1a mot
cong cu théng minh va hiéu qua hon cho phan tich hu hong. Hinh dudi day minh hoa luong
cong viéc cua phéat hién hu hong dya trén Al.
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Bang cach tich hop cong nghé Al, ta cd thé thiét 1ap phan tich hu hong mang c6 té théng, théng minh
va so do dao tao nguoc dé cé thé cung cap cac kha ning phat hién hw hong tw dong, chinh xac, linh
hoat va theo d&i nguoc, lién tuc ting cuong hiéu qua chan doan va xtr 1y. Trong khi d6, n6 ciing c6 thé
thich tmg céc thay d6i trong méi trudng mang va cac yéu cau kinh doanh.

NET4Al (NETWORK FOR Al)

NET4AI dé cap dén truong hop mang déng vai tro hd trg A/ML. O ddy, mang khong day duogc st dung dé hd
trg va nang cao hoat dong va hiéu suét cua cac dich vu AI/ML. Thong qua viéc t8i wu hoa kién tric mang, cong
ngh¢ thu thap va truyén dir 1i€u, muyc ti€u la cung cép hd trg mang manh mé cho cac dich vu AI/ML. Hai khia
canh nay s& dinh hudng cac nguyén tic thiét ké cia mang 6G tich hop AI/ML. Ban chat cia NET4AI 13 cung
cap Al v6i cac kha nang khac nhau dé cho phép dao tao/suy luan Al thoi gian thuc va hiéu qua hon, va ting

cuong an ninh ciing nhu bao v¢ tinh riéng tu cua dir li¢u.

NET4AI s& cung cap hd tro kién trdc cho thuc hién 6G Al goc dé dat duoc tich hop sau gitra mang va
Al nhu minh hoa trong hinh dudi day.

Mang 6G vé mat vat ly bao gom: CN dam may (gém cac trung tam di liéu tap trung/tinh toan), mang
truy nhap phia bién (gom cac phuong phap két néi 3GPP va khéng phai 3GPP), mang truy nhap phia
thiét bi dau cudi (gom cac phuong phap két ndi cé day va khong day) dugc mo ta & phan duéi caa hinh
vé. NET4AI thé hién vai tro anh xa va hd trg két ndi truyén thong, tinh toan di liéu, an ninh va quan Iy
va diéu phdi trong Al, trong s6 sau kha niang va dich vu (nghia 1a: két ndi truyén thong, dit liéu, tinh
toan, an ninh, Al va quan 1y va diéu phdi) duoc triru twong hoa tir cac dich vu chirc ning cua mang 6G
dugc chi thi boi cac miii tén trong phan duéi hinh vé.
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Cic kha nang/Dich vu AI: hd trg kinh doanh Al tong quat da dang va kinh doanh mé hinh AI
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e Két ndi cho Al: Két ndi cho Al bao ham cung cap hd tro két ndi cho bao hiéu Al va dix liéu Al.
B4o hiéu Al dugc str dung dé phat di cac ban tin diéu khién lién quan dén Al, chang han: cac ban
tin yéu cau /tra 16i dich vu Al lién quan dén ning lyc tinh toan cho phan tich AL v.v... N6 ciing
c6 thé bao ham ca thdng tin bo sung cho phan tich Al phéi hop gitra nhiéu phan tir. Diz lidu Al
duogc sir dung dé chuyén giao di liéu AI dau vao mot giai thuat Al thuong dugce dé cap nhu 1a
cac vecto dé yéu cau mé hinh/giai thuat AL No ciing dugc sir dung dé phat di cac mo hinh Al
chang han phat di mot mang no-ron, thudng cé nghia 1a phat di cac trong sé thong sé (chiing co
thé duoc trinh bay nhu la cac vecto) va cau trlic mang caa né (c6 thé duogc trinh bay nhu 13 cac
v6 hudng(Scalar)). N6 ¢o thé duoc st dung hon nita cho phat di dit liéu dao tao Al. Dit liéu nay
thuong rat 16n va danh riéng cho giai doan dao tao cac md hinh tri tug.

o Dir liéu cho Al (Data for Al): Dit liéu cho Al (Data for Al) nham dén hd tro hiéu qua thu thap,
truyén dan, Iwu trir va chia sé dit liéu tir dau dén cudi cho phép giai quyét 1am sao tao diéu kién,
day nhanh va cung cap an ninh di liéu cho cac chuc ning Al bén trong hoac bén ngoai mang
6G. Phuy thuoc vao pham vi tiém ning, hd tro di liéu dugc cung cap boi dix liéu cho Al phai bao
gom nam thanh phan: (i) thu thap/phan phdi dit liéu, (i) An ninh va quyén riéng tu, (iii) Phan
tich di lieu, . (iv) X Iy di liéu va (v) Luu trit di liéu,

e Tinh toan cho Al (Computation for Al): Sy phét trién cia 6G s& dem lai cac tién bo dang ké
trong tinh téan, bao gdm cam bién tinh toan (Computational Sensing), diéu khién tinh toan
(Computational Control ) va thuc hién tinh todn (Computational Execution). Cac kha nang tinh
toan phai két hop véi két ndi truyén thong dé toi wu héa hiéu qua tiéu thy nang luong cua cac
dich vu méi néi nhu AL Tich hop ndy can thiét phat trién mot méi truong thong nhat dé dam
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bao hoat dong lién tuc cia cac dich vuy tinh toann trén céc thiét bi, cac nut bién va cac ddm may.
Maoi truong nay sé€ cho phép chon dong cac nat tinh toan bién cho cac nhiém vu tinh toan co xét
dén cac nhan t6 nhu tré, bing thong, nang luc tinh toan va hiéu qua nang luong.

e An ninh cho Al (Security for Al): Mang 6G can thiét 1ap mét hé théng an ninh tu luc va c6
tinh tin cay cé hitu tai 18i cua hé thong. Cac tién bo nhanh chong cua dién toan dam may, di liéu
I6n va cac cong nghé Al cung cap hd trg ki thuat dé xay dung mét hé théng an ninh mang 6G.
Trong nhitng nam gan day, an ninh ndi sinh tin cay da ndi 1én nhu 13 mot cach tiép can mai cho
6G, dugc dic trung bai bon tinh ning: hop tac, phong vé chu dong théng minh, su dang tin cay
va bao vé quyén riéng tu. Khai niém an ninh ni sinh ¢4 tin cay ciing duoc &p dung cho Al.

« Diéu phdi cho Al (Orchestration for Al): Biéu phdi cho Al cé nghia la hd trg hiéu qua cho
trién khai, hoat dong va téi wu héa cac dich vu Al trong mang théng qua diéu phéi. N6 1ap cau
hinh tu dong va diéu phéi céc tai nguyén trong mang dua trén cac yéu cau cuy thé cua cac dich vu
Al dé dam bao céc tng dung Al nhan dugc ning luc tinh toan, luu trit, bang thong mang can
thiét va cac tai nguyén khéac. Ngoai ra, kha ning didu phéi cho phép giam sat hiéu suat Al thoi
gian thuc bang cach diéu chinh dong 4n dinh tai nguyén dé dap tng cac thing giang tai dich vu,
qua d6 dam bao su 6n dinh va hiéu qua trong mang va cung cap cac dam bao mang viing bén
cho cac ung dung thong minh khac nhau.

CAC CONG NGHE HO TRQ CHU CHOT

Chine Mobile dé xuat thiét ké mot hé théng 6G tap trung trén khai niém “ba 16p va nim mat phang”.
“ba 16p” dé cap dén 16p vat ly, 16p mang va 16p wng dung va dich vu. “ndm mit phang” bao gobm mat
phang truyén thong, mat phang dit liéu , mat phang tinh toan, mat phang tri tu¢, mat phang an ninh, mat
phang quan 1y va diéu phdi. Nam mat phang kha ning/dich vu trong kién tric mang 6G tuong lai dugc
trinh bay trong dudi day.
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e Tri tué phan tan va FL: Tri tu¢ phan tan va FL (Federated Learning: hoc lién két) 1a cac cong
nghé chu chdt c6 thé giai quyét cac thach thic vé tré va an hinh. Trong cac mang phan tan, di
licu duoc luu trir trén nhiéu ndt va cac nhiém vu tinh toan duoc xir Iy hop tac gitta chiing. Céch
tiép can luu trix va tinh todn khong tap trung cai thién su kha dinh ¢& mang, ting toc dao tao va
suy luan cua cac LAM (Large-Scale Al Model: mé hinh Al quy md 16n) va ting cudng hiéu suat
toan mang. Al phan tan sin sang dé tao ra mot hé sinh thai thdng minh méi cho 6G, thuc day
mot md hinh mang kha dinh ¢&, hiéu qua, bao vé quyén riéng tu hon. Tri tué phan tan gém ba
thanh phan: (i) FL (Federated Learning: hoc lién két), (ii) MARL ( Multi-Agent Reinforcement
Learnig: hoc tang cuong da tac nhan) va (iii) SL (Sprit Learning: hoc chia s¢), nhu dugc minh
hoan trong hinh 13.

CAC BAN SAO SO GOC Al CUA MANG 6G

Tai lidu cia ITU dinh nghia cac yéu cau va cac kién trdc ciia cac mang DT, nhan manh vai trd cét 16i
ctia no 1a trinh bay 40 cac mang vat ly. Cac mang DT cho phép phan tich, hoi chan, md phong va diéu
khién mang vat ly.

DT cung cap mot ban sao a0 hda cho cdc mang 6G, cho phép giam sat luu lwong va phan tich tich
mang toan dién. Sir dung phan hoi tir mang a0 hda, cac hé thong 6G co thé ting cuong an ninh caa
ching bang cach chuan bi truéc cac mbi de doa. Ngoai ra, DT cho phép nhan dang yéu cau va cung
cap dich vu bang cach phan tich di liéu truyén thong dé phan biét cac mau va cac quy tac st dung.
Hiéu biét du doan cac nhu cau truyén théng cho phép cac mang 6G danh trude tai nguyén nhu phd, du
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bao trudc cac nhu cau tuong lai. Ngoai ra tich hgp c¢éng nghé DT cho phép 6G hd trg cac dich vu doi
maéi bao gdm AR/VR va xe tu hanh. Véi viéc giai quyét cac van dé an ninh, hiéu suét phd, tri tué va tiy
chinh, DT dinh nghia lai va ting toc phat trién cac mang 6G.

- ———————————————
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MANG NANG LUC TINH TOAN

Kién trac NET4AI doi hoi cac kha ning dich vu tinh todn manh m&, vi cdc mang khong day rat quan
tam dén cac nhiém vu tinh toan lién quan dén tinh todn hiéu suét cao nhu xt ly dit liéu pham vi siéu 16n
va DL. Mang ning luc tinh toan (Computing Power Network) la céng nghé hé tro quan trong cho cac
dich vu tinh toan. N¢ dat duoc lién két ni tinh todn moi noi théng qua cam bién va hop tac twong hd
giita mang va cé4c tai nguyén tinh toan, hoa hop cac tai nguyén dam may, bién, dau cudi va thyuc hién
cac nhiém vu tinh todn trong mang, dic biét 1a cac dich vu tinh toan lién quan dén Al.
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Po niing luc tinh toan va l1ap md hinh. Pay 1a mét cdng nghé nén tang dé cung cap cac dich vu
nang lyc tinh toan. Trong twong lai, cdc nha cung cap dich vu ning lyc tinh todn trong cac mang
nang luc tinh todn s& khong bi giGi han dén cac trung tam dix liéu dic thu hay cac cum tinh toan.
Ho c6 ning luc tinh todn moi noi tir dam may, bién cac cac thiét bi dau cudi. Chia sé hiéu qua
nang lyuc tinh todn nay théng qua céac két ndi mang doi hoi cam nhan chinh xac dung lwgng tinh
todn cua cac chip da tap, cac kiéu kinh doanh pha hop cho cac chip hién thai va vi tri cua ching
trong mang, ciing nhu quan ly va giam sat hiéu qua.

Pinh tuyén ning luc tinh toan dwa trén nhan thirc. Trong mang ning luc tinh toan, sau khi
do va 1ap mo hinh cdc tai nguyén tinh toan, thong tin ndy dugc ma hoda va dugc dong vao cac goi
cia mang dua trén thong tin tai nguyén tinh toan duoc chia s¢, huéng din dinh tuyén kinh
doanh dén cac t6 hop tai nguyén (Resource pool) khac nhau thong qua cong tac giira cac to hop
tai nguyén tinh toan dé xu 1y kinh doanh, diéu nay cho phép nhan thic caa mang vé cac tai
nguyén tinh toan dé huéng dan dinh tuyén toan cuc.

Tinh toan trong mang (INC: In-Network Computing). Str dung viéc trién khai cac cong nghé
mang kha 1ap trinh, INC xur ly cac goi trong mang. Chia xé nang luc INC vai viéc su dung cac
tai nguyén da tap mo va kha 1ap trinh s& tang téc xu ly dit liéu gan nguon ma khéng can thay doi
ché @6 hoat dong kinh doanh gbc, giam tré tré phan hoi cia tng dung va don gian hoa cac xir ly
trién khai tng dung. Cac mang nang luc tinh toan hd tro cac nguoi dung diéu chinh dinh c& tai
nguyén theo yéu cau dé thich tmg dén céc tng dung Al c6 céc kich ¢& va cac mic do phic tap
khéc nhau.
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TINH TOAN NHIEU BEN AN NINH (SERCURE MULTI-PARTY COMPUTATION)

Tinh toan an ninh nhiéu bén (SMPC: Security Multi-Party Computation) 1a mot giao thac mat ma hoa
cho phép nhiéu bén két hop tinh todn mot ham trong khi d6 van duy quyén riéng tu dir liéu dau vao cua
ho. Mdi bén nhan dugc két qua tinh todn dau ra ding ma khong biét cac dau vao riéng tu cua cac bén

khac.
( Dir liéu a J

Truyén thon
<_ — — ;s

>

F@)=udvew

( Két qua tinh toan F(a) )
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TRUYEN THONG NGU NGHIA (SEMATIC COMMUNICATION)

Truyén thdng ngir nghia, thuong dya trén cac mang DNN, duoc coi 1a mot cong nghé hira hen trong
6G. So vai truyén théng ct phap (Syntactic Communication) tap trung I&n truyén dan chinh xéc dit liéu
theo cac bit, truyén théng ngit nghia chi phat di cac ngir nghia ciia ban tin. N6 ¢6 thé bao toan cac quan
hé ngit nghia khi phat thong tin, nhd vay hd tro tai xudng cac nhiém vu. Cac dic tinh nay hd trg dap
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{ing c4c yéu cau cua cac tng dung 6G tiéu ton dit liéu, chang han truyén thong da chiéu (Holographic
Communication) va XR

Chiét xut ngir nghia va phuc hdi

Thong tin
e NN e ngir.nghia.

Gi4o duc da chiéu

Hop da chiéu

Hinh 24
Mb hinh truyén théng ngir nghia co’ sé
Tai phia may phat, b6 ma hoéa ngir nghia chiét xuat va ma hoa Sl (Semantic Information) caa dir liéu
nguon. Qué trinh nay bao gdm chiét suat SI va nén hoic loai bo thong tin khdng khdng quan trong. Dé
dat duoc diéu nay dit liéu tho dugc ma hda boi mang no-rén ky hiéu 12 Fp, dau ra duy tri dugc y nghia

quan trong trong khi x6a bo cac chi tiét khong quan trong. Cac ngir nghia stc tich dugc phat di trén
kénh mot vat Iy bi tap &m, chang han kénh khong day. Tai may thu, bo giai ma ngir nghia giai ma dix
licu thu. Qua trinh nay bao gom “sy hiéu biét” va “suy luan” nodi dung ngit nghia dugc giri dén tir may
phat. Bé hoan thanh diéu nay, bo giai ma ngir nghia , dugc ky hiéu 12 Gs, xtr ly dit liéu thu véi muc dich

anh xa n6 nguoc vé dit liéu nguon.
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CAC MO HINH NGON NGU LON (LLM: LARGE LANGUAGE MODEL)

Céac mo hinh ngén ngit 16n (LLM: Large Language Model) da thé hién mot bude dot pha déang ké trong NLP
(Natural Language Processing: xtr Iy ngdn ngit tw nhién) va co6 thé dong gop tiém nang cho phat trién 6G Al
So véi cac mo hinh thong s6 nho hon truyén théng, cac LLM thé hién hiéu biét ngir canh (Contextual
Understanding) manh, tao vin ban két hop (Coherent Text Generation), 1y luan logic (Logical Reasoning) va
cac kha nang téng quat hoa. Cac mo hinh 16n muc dich chung (General Purpose Large Model) hién c6 nhuw GPT
mi ngudn déng (Closed Source Generative Pretrained Transformer: bd chuyén dbi tién huén luyén tao sinh
duogc phat trién boi OpenAl va mé hinh Llama ma ngudn mé (Open source Llama Model) dugc phat trién boi
Meta (trudc day 13 Google) c6 thé xtr Iy cac dai rong cac van dé chuyén biét mién/ linh vuc. Mé6i day, DeepSeck
LLM mai ngudn mé dugc phat trién bai d6i ngii DeepSeek tai Trung Qudc di tré thanh nguoi thay dbi tiém
ning, ching minh kha ning dao tao cac mé hinh AI quy mé 16n (LAM: Large Scale AI Model) v&i chi phi thap
khong ngd. Cac LLM c6 thé tiém ning dong vai trd then chdt trong cac hé thdng truyén thong, ching han:

trong qua trinh xtr ly nhiém vu va céc dich vu thong minh.

Su n6i 1én ctia cdc LLM ¢6 thé dem dén mot mo hinh tich hgp 6G va Al méi. KIén triic Al ban nang trong 6G
c6 thé cung cap cac dich vu lién két, tinh toan, phan tach mé hinh (chia nhé mé hinh) va phan phdi mé hinh
cho dao tao va suy luan cua cac LLM. Céc LLM c6 thé tang thém suc manh céc linh vuc khac nhau cua céc
mang 6G (chéng han: giao di¢n vo tuyén, phia mang, an ninh mang, O&M mang, v.v..). Trong 6G, cac m6 hinh
16n dic thu héa tiy bién co thé dugc trién khai trén cac 16p mang khac nhau. Cac mo hinh dc thi héa nay c6
thé cong tac xir Iy cac van dé mang thong qua phan tach va két hop nhiém vu (Task Decomposition and
Composition), cong tac lién 16p (Cross-Layer) va cong tic dam may bién (Edge Cloud), dé ting cudng mirc tri

tu¢ cuia mang.
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Ngoai viéc su dung cdc mo hinh Al tuy chinh dugc thiét ké riéng cho céc chirc nang va cac nhiém vu dac thu,
cac md hinh 16n thé hién hoat dong téng quat ndi troi trén nhiéu nhiém vu va cac tinh nang dot pha trén cac
nhiém vy phtic tap ma cac mo hinh nho khong thé dat duoc. Cac chirc niang chinh cta cac mo hinh 16n ngay
cang phu hop véi cac dic tinh da kich ban va da nhiém vu ctia 6G, giam b6t hiéu qua khdi luong cong viée
trong nhan thirc mo hinh va cai dat sé do hiéu suat trong cac mang 6G cho thay céc trién vong mg dung rong
16n. Mot dang ttich hop 6G vé&i Al ¢ thé ¢6 duge minh hoa trong hinh dudi day. Tan dung dir liéu tir da dang
cac mang khong dong nhat trong 6G, cac mo hinh 16n nay c6 thé tong hop cac kich ban va cac dich vu 6G khac
nhau, dit nén tang trong yéu cho ting cuong Al trong cac mang 6G. Chang han dé xuit 6GGANA trong sach
trang 6GNETGPT di xay dung mot LLM gidng nhu ChatGPT, cung cip mot mo hinh mdi cho céc hoat dong

va quan ly nang cao cac mang 6G.

Cac (rng dung Al s %; g @

i LAM
goc Al

AI4NET (gg’ AI d4m may NET4AI
Mang b N7

Al bién

l | [ l
1 T T ]
Cic tai nguyén da é
chiéu I |

LAM (Large Scale Al Model): md hinh Al quy mé lén.

Hinh 25
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AI NHU LA MOT DICH VU (AlaaS)

Dé hd tro hiéu qua hon “tri tué goc” (Native Intellegence) va dat duoc “tri tué nhan tao toan ning”
(Artificial Universal Intellegence) moi noi, cdc mang 6G sé€ xu ly tri tué nhan tao nhu 1la moét dich vu
(AlaaS: Al as a Service), dan dén xuét hién khai niém 6G AlaaS nhu dugc trinh bay trong hinh 26.

- WPy

Truyén thong Vin tai siéu Y khoa
—__.mhipvai ____congnghiep thongminh _  chinhxac |

QoAIS l t AlaaS

~

(9)
B @
~

Hinh 26

000
Q000

6G Alaa$ sir dung cac tai nguyén va cac chirc nang trong mang (bao gdm 6G CN, cic mang truy nhap khong
day va cac dau cuéi), chéng han két ndi, tinh toan, dir liéu va cac mé hinh. 6G AlaaS nhim dén xay dung mot
h¢ sinh thai dich vu Al phan tan, hi¢u suét, hiéu suit nang luong va an ninh, bao gém dao tao mo hinh, suy luén
AL trién khai, va cac chirc nang khac trong mot moi trudng md carbon thép . N6 khong chi dinh nghia lai hé
sinh thai ciia ddm may bién ma con xay dung cdc mo hinh kinh doanh méi thong qua cac mang di dong 6G, cho
phép chuyén ddi tir cac mang dinh huéng két ndi qua khr sang cac mang dinh hudng dich vy, cudi cung dat
dugc tri tué moi noi. Cac kich ban dién hinh ctia AlaaS bao gom (nhung khong phai tat ca) cac thanh ph thong
minh, nong nghiép thong minh gido duc toan ciu va cong nghiép thong minh. Cac ing dung dién hinh bao gom

cac dich vu taxi khong nguoi 141, kiém tra ludi dién thong minh, gidm sat y té tai nha va cac 16p hoc ao.

QOAIS ( Quality of Al Service: Chat lugng dich vy AI) dé cap dén khung cac s do toan dién dé danh
gia cac dich vu Al trong mang. N6 13 mot khung da chiéu bao gom cac chiéu (hay cac dai luong) then
chét nhu hiéu suat, két ndi, tinh toan, di liéu , an ninh va diéu phdi. Bang 2 cho thay cac chi bdo cma
maot hé théng QoAIS can co.
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Chiéu chi bdo | CAc chi bao cia QoAIS

Hiéu suat Bién cac s6 do hiéu suat, thoi gian dao tao, tong quat hoa, kha ning tai
sir dung, tinh bén viing, kha ning twong tac, tinh nhat quan giira ham
mat mat va cac dbi tuong t6i uu hoa, sy Cong bang, v.v..

Két noi Bing thong va jitter, tré lién két va jitter, ty s6 bit 16i va jitte, v.v...

Dix liéu Sy du thua tinh nang, su hoan thién, su chinh xéac di liéu, chuan bi dir
lieu tén thoi gian, can bang khong gian mau, dong luc hoc phan phdi
dix liéu, v.v..

Tinh toan Su chinh xac tmh toan, khoang thm gian, hiéu qua, v.v....

An ninh Bao mat thdng tin, cac mirc do quyen riéng tu dir Ileu/glal thuat,

Diéu phdi Hoan toan tu quan, c6 kha ning diéu khién mot phan boi con ngudi,

hoan toan cd kha ning diéu khién boi con ngudi, v.v...

Céc kich ban dién hinh cia AlaaS

Truyén théng nhap vai (Immersive Communication). Trong truyén thong twong lai, cic cong nghé
truyén thdng nhap vai nhu VR, AR va cac bio cao do dac s& ting cudng cac trai nghiém tuong tac.
Aaa$ sé& hd tro cac cong nghé nay véi phién dich ngdn ngir thoi gian thuc, phan tich cam xuc va cac dé
Xuit dugc ca nhan hoa trong cac méi trudng 4o.

Cé4c robot cong nghiép théng minh ( Intellegence Indusstrial Robots). 6GaaaS cung cap cac dich vu
dao tao Al cho cac robot, chang han thu thap dir liéu thong qua céc robot, p dung dao tao md hinh cho
hoc da tac nhan va phan tan cac mo hinh da duogc dao tao cho cac robot.

Y khoa chinh xac (Precision Medical). Y té thdng minh s& bao gém céc khia canh khac nhau cua
phong ngtra, du bao, hoi chan, suy luan, giam sat bénh tat, phau thuat 1am sang, cham soc bénh nhan,
phét trién thudc va va vic -xin trong subt vong doi doi. Hé thong 6G méi s& hd tro tot hon truyén dan
khéi lwong 16n thong tin va dong bo can thiét cho y té thong minh va truc tiép cho phép xir 1y va dua ra
quyét dinh vé théng tin

Al-RAN MANG TRUY NHAP VO TUYEN Al)

AI-RAN Alliance (Lién minh AI-RAN) vach ra ba linh vyuc dic tha d@é tich hop Al vao RAN:
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e Al and RAN (Al va RAN), (con dugc dé cap 1a Al with RAN): st dung mét ha tang chung chia
sé¢ dé chay ca Al va RAN nham cuc dai hoa s dung, giam tong chi phi quyén so hiru (TCO:

Total Cost of Onership) va tao ra cac co hoi lgi nhuan mai béi van hanh Al.

e Al for RAN (Al for RAN): Nang cao cac kha nang cuia RAN théng qua nhung céc céc giai thuat,
cac md hinh AI/ML va cac mang té bao than kinh vao Iép xt ly tin hiéu vo tuyén dé cai thién

hiéu sut phé tan, viing pha vo tuyén, dung luong va hiéu suat.

e Al on RAN (Al trén RAN): cho phép cac dich vu Al trén RAN tai bién mang tang hiéu nang
khai thac va cung cap céc dich vu méi cho cac ngudi dung di dong. Pén luot minh RAN tir mot

trung tdm chi phi tré thanh mét nguén loi nhuan.

Al-For-RAN

Al

[ Uéctinh kénh| [ Sira 18 truec|

Al-And-RAN

Al

Suy ludn Al|| Gen-Al ndi bd| | Csc dich vu micro A

B& lap lich MAC [Tx, Rx neuron] l RIC l

Al-On-RAN

< Al >

Céc irng dung : Céc rng dung cong
Aeentic All | ghiap va ty dang hos

l 5G riéng ]

5G cong c{)ng]

[vou] [veu |[dupF | [56 cong cong/rieng |

Cac gidi thuat Hoc déc thu
dé cai thién site va céc ti
hiéu nang wu cho hiéu

suat phd tan

Ha tang chung
dé chay céc khai
lwgng cong viéc

cta Al va RAN

Diéu hanh va phan
phdi ddng khéi
lwgrng cong viéc
gitra Al va RAN

Dot pha lwu lwgng Al
dé tang cwdng chat
lwgng trai nghiém

K&t ndi han biét
mang

MAC (Medium Access Control); diéu khién truy nhap méi truong; RIC (RAN Intellegence Controller): bo diéu khién tri
tué RAN; VCU (Virtual Central Uni)t: don vi trung tdm ao; VDU (Virtual Distributed Unit): don vi phan tan ao; dUPF
(Differentiated User Plane Function): chirc ndang mat phang nguoi dung phan biét.

Hinh 27
Khung cau tric cho tri tué RAN
. Phan hoi
D liéu
dao tao Pao tao
mo hinh
. W A .
Inin khai rr?o I Phan hoi hiéu
Thu thap inh/cap n at‘ | sudt md hinh
1
dit liéu
DI ligu )
suy luan Suy luan Daura
> N P Actor
mo hinh
Actor: tac nhan twong tac
Hinh 28
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CAC YEU CAU VA CA YEU TO CUA AI-RAN

e Ha tang tinh toan ting toc.

e Thiét ké dién toan dam may goc (Native Cloud) dwoc, dinh nghia bing phan mém.

o Piéu phdi két hep cac tai nguyén truyeén thdng va tinh toan.

e Hb trg Al goc (Native Al). M6 hinh Al RAN méi ndi phai hd trg Al goc bang cach nhing truc
tiép cac kha ning Al vao ha ting RAN dé cho phép dua ra quyét dinh théng minh thoi gian thuc,
tu dong hoa va téi uu hoa trén ca cac 16p mang va cac 16p dién toan.

BA KHA NANG QUAN TRONG CUA RAN Al GOC (Al NATIVE RAN)

Xt 19, t5i un héa va tw dong héa Ciing chp AlaaS

RAN sir dung Al

| Pam bao két ndi
I cho cac dich vu Al

: Al cho quan ly va
| diéu phdi RAN

khién va tin cdy cao

’ AT L.CM hiéu qué, kha didu

Al LCM (Al Lifecycle Management): quan ly vong doi Al

Hinh 29
XU LY TOI UU HOA VA TU PONG HOA SU DUNG Al

Tong the, cac kha nang nay dat Al vao vi tri nhu 13 mot yéu t6 manh mé trén 16p vat ly (L1), 16p lién
két (L2) va Iép mang (L3). Bang 13.2 cho thay cac truong hop st dung caa Al cho giao dién vo tuyén
(L1) va Al cho diéu khién ta téi uu hoa tai nguyén (L2/L3) tir goc nhin hé thong.
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Céc Truwong hgp sie | Céc thach thic | Vi tri caa Cac phuong phap AI | Trang thai nghién
kich dung chinhchocac | suyluan Al | tiém ning & quy mé | ciru
ban giai phap dwa thong so
trén khong Al
Can bang tai Phia BS DNN (1M) 5G-A 3GPP
LSTM (10M) Release 18,
DRL (<10M) O-RAN
Quanly didong | T&iuwuhoathy | Phia UE, phia Rurng cay 5G-A 3GPP
AI.EhO dong giam cap BS Tang cudng gradient Release 18/19,
kh@‘f“ \ hiéu ning; da LSTM (<1M) O-RAN
) (')ler:n‘l’a Tiétkiemnang | chiéu, phac tap DNN (1M) 5G-A 3GPP
hoa tai luong mang va thuong gap LSTM (10M) Release 18, thir
- cac van deé toi DRL (<10M) nghiém hién truong
ngtzgn uu hoa khong trong mang thuong
16i; kho tim mai 5G-A,
duoc giai phap O-RAN
Cit lat mang t6i uu thoi gian Phia BS LSTM (10M) 5G-A 3GPP
thuc GRU (<10M) Release 19,
Transformer® (10M-1B) O-RAN
Dubling Duel DQN?
(IM)
Tbi wu héa dung DRL(<10M)
luong va vung phua GNN (10Mm)
LSTM (<10M)
Transformer (10-1 B)
An dinh tai nguyén DNN (1M) Truong hop st
va lap biéu da DRL (10M) dung tng vién 6G ,
nguoi dung O-RAN
Tbi wa héa k-means 3(<1M) Thur nghiém hién
QoS/QoE va dam DNN (10M) truedong trong mang
bao thoa thuan CNN (1M) thuong mai 5G-A,
muc dich vu (SLA) DRL (10M) trueong hop sir dung
ung vién 6G,
O-RAN
binh vi Chinh xéac bi Phia UE, phia DNN (<30M)
gi6i han BS CNN (<30M)
Al cho Phia LMF® 5G-A 3GPP
giao Quan ly bup séng Chinh xac bi | Phia UE, phia CNN (<10M) Release 18/19
dién vo gidi han trong BS LSTM (<10M)
tuyén kich ban téc do Transformers (<10M)
trung binh va
cao
Nén CSI Kho lap mo M@ hinh hai CNN (<10M)
hinh/lap cong phia LSTM (<10M)
thirc vé mit ly Transformers (<10M)
thuyét
Dy doan CSI Chinh xdc bi | Phia UE, phia | MLP-Mixer (<10M)
giGi han BS 2D-FCN (1M)
CNN (<1M)
May phat/ thu dua Kho l1ap md ESN (10M)
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trén Al hinh/lap cong Transformers (<10M) dung tng ctr 6G
thirc vé mat ly
thuyét
B0 méo phi tuyén Kho 1ap mo ESN (<10M)
tinh khuéch dai hinh/lap cong
cong suat thirc vé mat ly
thuyét
Dy doan nhifuva | Chinh xéc bi LSTM (<10M)
xu ly han ché va i Transformers (<10M)
thoi
Giam chi phi gian Chi phi gian phia BS CNN (<10M)
tiép RS* tiép cho tinh LSTM (<10M)
(9om ca hoa tiéu | hiéu tham chiéu Transmers (<10M)
dugc chdng 1én) cao

Transformer® : bo chuyén d6i, Double Dueling DQN? (Double Dueling Deep Q-Network: mang Q sau ddi dau
nhan d6i), k-means®: thuat toan phan cum k-mean, RS* (Reference Signal): tinh hiéu tham chiéu, LMF®
(Location Management Function): chirc nang quan ly vi tri.

Céc md hinh dao tao, kiém tra va tham dinh

Cac md hinh duogc 4p dung cho cac truong hop khac nhau truée hét phai trai qua dao tao, kiém tra va
tham dinh dé dam bao hiéu suat xu ly, t6i uvu hoa va tu dong héa RAN dua trén Al trong cac hé thdng
thuc té.

(a) (b)

Pao tao mo hinh Pao tao mo hinh
T e e e S T e S A s B A O e S e ey I
- ¥
L)« 5 ] L —( s
S S / a
UE Dam may s& hitu UE
bé&i nha cung cap UE Dam may I5i
(c) Dao tao mé hinh (d) Dao tao md hinh
ol P ——— []| st - 50
o : A —
UE a a
Pam may RAN UE Dam may OAM
< ______ '
Chuyén phat mé hinh Chuyén phat mé hinh
cho UE cho BS
Hinh 30

Kénh mang vé tuyén danh riéng (Dedicated Radio Bearer. V& phan tai tin, kénh mang vot
tuyén c6 thé ho trg nhicu kiéu dir ligu lién quan dén AI/ML bao gém (nhung khong phai tat ca) dir liéu
dao tao Al/ML, cac md hinh AI/ML va cac kiéu dit liéu ting cuong khac c6 thé hd trg cac ludng cong
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viéc Al/ML (chang han: c&c s6 do hiéu suat caa cac mé hinh AI/ML). Cac kénh mang v tuyén méi sé
dam bao ca kha ning linh hoat Ian hiéu suat trong céc ludng cong viéc AI/ML trong 6G RAN.

O RB cho bao hiéu )

( ‘ ) )) () RB cho dir li¢u duong 1é€n

RB cho dir liéu AI/ML ) |

e
=

e Dir liéu dao tao AI/ML

e Cac mo hinh Al/ML

e (Cac dir liéu tang cuong khac
Nut 6G RAN

Hinh 31

Thu thap dix liéu lién mién. RAN Al géc cua 6G dugc ky vong cho phép AI/ML lién mién (Cross
Domain AI/ML) dé dam bao dich vu tir dau dén cudi, din dén thu thap dix liéu lién mién (Cross
Domain).

e Théng ké hiéu suit
RAN va cac du doan

e (Cac déc trung luu
lugng dich vu RAN

e (Cac s0 do QoS

e Quy dao UE

Khung dé 19 dir lidu théng nhit

C
m

=1)

Hinh 32

Co ché thu thap dir liéu RAN kha thy thinh dwa trén nhiém vu. Vuot tréi hon MDT, cic do dac
hiéu suat (PM: Performance Meassurements) va cac bao cao do dac (Meassurement Reports), mot co
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ché thu thap dir liéu méi 1a yéu té thiét yéu dé thuc hién cac yéu cau thu thap dix liéu da dang trong 6G
RAN.

' Cho nhiém vu AI/ML 1: \
| Cho nhi¢m vy AUML 2: \ e Kiéu dir lidu: ching han tiéu bup song tot nhat
e Kiéu dir ligu: chang han tiéu e Thuyec thé dich: nhém UE (ching han ID lat cét)‘
‘ thu cong suat e Khoang bao céo: chu ky 5 ms phat
e Thyc thé dich: NGt (ID nat) e Tapbd loc
e Khoang bdo cao: chu ky 1 phut e B loc 1 (ching han
e Tapboloc téc d6 UE >250 km/h)
e BO loc 1 (ching han L . e J

7am-9amhangngdy) |, . ]

. o | ( (( ) )) ’Nhiém vu thu thp di liu 1
| Nhi¢m v thu thp di ligu 2 Cho nhiém vu thu tap dir li¢u 31
[ ]
Db y Nhiém vu thu tap dit liéu 3 b
Nt 6G RAN
Hinh 33

Quan ly mé hinh AI/ML kha diéu khién va tin ciy cao hon. C4c tién bo cho quan 1y mé hinh dugc
ky vong dé dé tang cuong quan Iy 6G RAN Al goc.
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Thu thép
dir licu

Dir liéu dao tao

Pao tao mo hinh

® Hb trg

Dt lidu giam sat

AI/ML tién tién

Hoc
lién két

M© hinh
nén tang 1én

A

e Chi bao trang

thai

1 Phan hdi hiéu sudt/

yéu cau dao tao lai

>
>

Dir li¢u suy luan

A\ 4

Dir li¢u mdi truc
ly, dix liéu tong hop

g vat

Quan ly S—
© Giam sit Didu khién tinh toan Al | | Chuyén mo hinh/ -
hicu suit hop tac (ching han yéu cau chuyén phd
: chon client trong @FL)
Piura ] Huéng dan
suy ludn quan ly
» Suy luin

e Huéng din quan Iy

@ Tham dinh m6 hinh va gia 1ap md hinh Ry
cho hoat dong lién tuc (chang han dugc |
hd trg boi ban sao s6 cua RAN) :

e Trién khai mé hinh

Luwu trit mo hinh

h

Yéu cau thim difth mo hinh
Gia lap suy luédn
Pao tao mo hinh|
dao tao lai

mo hinh
yéu cau

mo hinh

Panh gia suy ludn
mo hinh

@ Giam sat
hiéu suat

@ Tham dinh mé hinh va gia lap mé

hinh cho hoat dong lién tuc

® HOb trg AI/ML

tién tién

Khung chuc nang dugc dinh
nghia boi 3GPP RAN1

Céc ting cuong tiem nang

Hinh 33
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KIEN TRUC THAM KHAO CHO RAN Al GOC

| Quan ly AI/ML | |ICéc chirc ndng AI/ML ctia OAM I_u

Giao dién q.ly<—=>

NGt Al
[ Quymoninn ][ Paotwomaminn [T 'i __________________ |
| Thu thap dit liéu | | Suy luan md hinh | i i SBI méi Tlgg trl\l;é b\fi\/ cac
| Luu trit md hinh | [ D& 19 khi ning RAN | i______R:A\_N_'_A?Fi,_A_PI_s___i RSO0, :
Giao dié,r} iy
AN 60NB NG Dinee |
o Giao dien Qlymohinh || Suy lugn mé hinh | | AMF/UPF |
| Q.ly mé hinh || Suy luan md hinh | Thu thép du lidu | Truyén thong |

| Thu thap dir liéu || Truyén thong | Z:@: Pén 6G AMF/UPF

ﬁ Giao dién Uu @ Giao dién Uu

UE UE
Thu thap dit liéu | Thu thap dirligu |
Suy luan mé hinh Suy ludn m6 hinh
| Truyén thong | Truyén thong

RAN App (RAN Application): tng dung cua RAN, RAN App APl (RAN Application Application
Programming Interfac): Giao dién lap trinh tng dung ciaa ang dung RAN, SBI (Service Based Interface): giao
dién dua trén dich vu, 6G NG (6G Next Generation) thé hé sau 6G, 6G AMF/UPF (6G Access Management
Function/ User Plane Function: chirc nang quan ly truy nhap/ chirc ning mit phing nguoi ding cua 6G, 6gNB:
tram goc 6G, UE (User Equipment): thiét bi nguoi dang, g.1y: quan ly, Giao dién Uu: giao dién vo tuyén., Giao
dién Xn: giao dién gitra cac 6gNB.
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