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Tém tit

Sw phdt trién nhanh chéng ciia Internet van vt (IoT) da thiic day xu hudng day
ddc héa co sé ha tang mang, trong dé mang siéu day ddc (UDN) tré thanh cong nghé
then chét cho 5G. Bai bdo ndy nghién ciru bai todn t6i wu héa tai nguyén dong nham
can bang hiéu qud nang lwong (EE) va hiéu quad phé (SE) trong méi truong 5G UDN.
Do tinh chdt dong cia leu lirong nguwoi ding, chiing t6i dé xudt mé hinh trong sé thich
nghi dé chuyén doi bai todn téi wu da muc tiéu thanh qud trinh quyét dinh Markov
(MDP). Bé gidi quyét van dé bing né khéng gian trang thdi-hanh déng trong UDN,
thudt todn Dueling Deep O-Network (Dueling DON) dwege dp dung két hop véi co ché
truyén théng hop tdc sir dung ky thudt Maximum Ratio Combining (MRC). Co ché nay
xdc dinh 50% ngwoi dimg c6 chat heong kénh thap nhat va gan hai SgNB tot nhat dé
phuc vu dong thoi, gitip ting ty s6 tin hiéu trén nhiéu (SNR) cho nguoi dimg yéu. Két
qud mé phong véi 10 SGNBs va 6 nguwoi ding cho thdy phirong phdp dé xudt tiét kiém
céng sudt 32.5% tai mikc tai cao so voi phiwong phdp khéng hop tac, dong thoi dam bdo

yéu cau chat lwong dich vu (Q0S) cho toan bo nguoi ding.

Tw khoa: Deep Q Network; Mang di dong 5G si€u day déc; hi¢u qua nang luong;

hiéu suat pho
Abstract

The rapid development of the Internet of Things (loT) has driven the trend of
densifying network infrastructure, in which ultra-dense networks (UDN) become a key
technology for 5G. This paper studies the dynamic resource optimization problem to
balance energy efficiency (EE) and spectral efficiency (SE) in the 5G UDN environment.
Due to the dynamic nature of user traffic, we propose an adaptive weighting model to
transform the multi-objective optimization problem into a Markov decision process

(MDP). To address the state-action space explosion issue in UDN, the Dueling Deep Q-
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Network (Dueling DON) algorithm is applied in combination with a cooperative
communication mechanism using Maximum Ratio Combining (MRC) technique. This
mechanism identifies the 50% of users with the lowest channel quality and assigns the
two best SgNBs to serve them simultaneously, helping to increase the signal-to-noise
ratio (SNR) for weak users. Simulation results with 10 SgNBs and 6 users show that the
proposed method saves 32.5% power at high load compared to the non-cooperative

method, while ensuring quality of service (QoS) requirements for all users.

Keywords: Deep Q Network; 5G Ultra Dense Networks; Energy Efficiency; Spectrum
Efficiency

1. MO PAU

Trong nhirg ndm gan day, véi su phat trién nhanh chong cta Internet di dong va cong
nghé Internet van vat (IoT), nhu cdu vé dich vu truyén thong di dong ciing ting trudng nhanh
chong. Cac dich vu méi ndi nhu video siéu nét 4K, thuc té ao, thuc té ting cudng va lai xe ty
dong dat ra yéu cau cao hon vé hidu suat mang 5G . Nhu cau truyén thong ciia cac thiét bi thong
minh va méi trudng IoT quy mé 16n thiic ddy su day dic hoa co s¢ ha ting mang. Mang siéu
day dic (UDN) da xuat hién dung thoi diém va s& tro thanh cong nghé then chdt trong mang
5G [1]. Trong kién trac UDN, ban kinh cell s& duoc thu nhé hon nita, dan dén ting nhiéu giira
céc cell [2-3]. Hon nita, do ddc diém khong dong nhat cia thiét bi ngudi dung trong khong gian
va thoi gian, viéc quan 1y tai nguyén ciia UDN tro nén khé khian hon. Do d6, cach phan bo tai

nguyén thich img trong UDN 14 van dé dang duoc nghién ciru sau.

Céc chinh sach phan bd tai nguyén trong UDN anh hudng dén hiéu suat mang va trai
nghiém ngudi ding. Nhiéu cong trinh da nghién ciru c6 hé thong vé phéan b tai nguyén trong
céc kich ban mang khong dong nhét (HetNet) va UDN tir cac goc do khac nhau. Trong [4], viéc
t6i da hoa tong toc do ciia nguoi dung té bao con trong hé théng NOMA duoc nghién ciru. Viée
t61 uu hoa hiéu qua ning luong trong mang té bao con day dic duoc nghién ciru trong [5]. Su
can bang giita hiéu qua nang luong va hiéu qua phd duoc xem xét va danh gia . Tuy nhién, cac
nghién ctru nay chi xem xét hiéu sut mang va yéu cau ngudi ding & trang thai ¢ dinh. Khi
moi trudng mang thay ddi, yéu cau hiéu sudt ciia hé thong ciing c6 thé thay déi. Do do, phan
bd tai nguyén mang can xem xét sy twong tac voi moi truong.

Hoc ting cudng (RL) khong can mé hinh c6 thé dugc ap dung dé giai quyét bai toan tdi

wu hoa ngau nhién trong mang khong diy. Trong moi trudng khong xac dinh, RL s& thu dugc
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chinh sach t6i vu thong qua twong tac véi méi truong [6], [7]. Q-learning 13 mot trong nhiing
thuat toan RL ph bién nhét. Tuy nhién, do sy bung nd khong gian trang thai hanh dong trong
cac bai toan thyc té, Q-learning hoi tu chdm va kho tim dwoc hanh dong téi wu dé giai quyét bai
toan. Deep Q Network (DQN) 14 thuét toan hoc ting cuong sau (DRL) méi, c6 thé két hop qua
trinh RL v61 mdt loai mang no-ron goi 1a mang no-ron sau dé Xép xi ham gié tri trang thai-hanh
dong. Do d6, cac han ché cua Q-learning dugc giai quyét trong DQN. Trong [8], [9], DQON duoc
ap dung dé t6i wu hoa chién lugc BAT/TAT cuia cac tram gdc nho nham nang cao EE trong khi
dap tmg yéu cau QoS. Trong hé thdng thong tin di dong thuc té, c6 nhidu ngudi dung c6 kénh
truyén rat thp nhu bi che khuat hodc ndm ranh gi6i giita cac tram. Khi d6, viéc ting cong suit
nén c6 thé tang nhiéu gitra cac tram, kéo theo hiéu ning ciia nhiing ngudi dung nay khong ting,
hodc tham chi giam. Do d6, viéc trién khai k¥ thuat truyén thong hop tac trong mang di dong

dugc coi 1a giai phap phu hop dé ning cao chét lugng dich vu ctia ngudi ding [10].

Bai bdo d& xudt co ché truyén thong hop tic st dung ky thuat Maximum Ratio
Combining (MRC) dé hd trg nguoi ding c6 kénh yéu. Cu thé, hé thdng xac dinh 50% ngudi
dung c6 do lgi kénh trung binh thap nhat lam Ngudi dung yéu thong qua viée sap xép do loi
kénh trung binh tir tit ca SGNB. V&i mdi nguoi dung yéu, hai SGNB c6 d6 lgi kénh tot nhat
duoc chon dé déng thoi phuc vu nguoi dung yéu. K¥ thuat MRC két hop tin hi¢u tir cic SGNB
hop téc, cho phép tang tin hi¢u SNR tong hop clia ngudi dung yéu. Ham thuong dugc bo sung
diém thuong cho k¥ thuét hop tac dya trén ty 1 phi séng ngudi dung yéu va hé sé giam cong
suét 1y thuyét véi bonus tdi da khoang 15%. Két qua mo phong cho thiy phuong phap Dueling
DQN két hop truyén théng hop tac dat hiéu suét tiéu thu cong suat thap hon dang ké so vai
phuong phép khong hop tac.

2. MO HINH HE THONG

Nghién ctru xay dyng kich ban mang di dong khong day trong do, N tram con SgNB duoc
phan b déu trong khong gian. Trong d0, vi tri ctia mdi tram 1a tAm cia hinh luc giac. Bén canh
céc tram con, 1 tram 16n MgNB duoc trién khai dé quan 1y tat ca cac tram SgNB. Trong kich
ban ndy, tram MgNB duoc tich hop 1 tac tir hoc may dé trach nhiém thu thap thong tin tir cac
tram SgNB, xtr Iy va dua ra cac quyét dinh vé cong suét ciing nhu phan bo tai nguyén cho cac
ngudi dung. Cac quyét dinh nay duoc chuyén vé cac tram SgNB dé thuc thi. Mi tram phuc vu
M ngudi ding, trong d6 ngudi ding phan bb ngau nhién trong viing phuc vu ctia tram d6. Trong
mo hinh nay, nguoi ding s& két ni truc tiép véi cac tram SgNB ma khong két ndi tryc tiép t6i
MgNB.

Trong mang truyén thong di dong, nguoi dung thudng truyén tin mot cach rdi rac theo khe
thoi gian. Do d6, bai bio md hinh hoa qua trinh dén va di ctia nguoi ding trong m&i mang nhur
hai qua trinh ngiu nhién doc lap [4]. Trong mdi khe thoi gian, UE dén mdi té bao con theo
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phan phbi Poisson voi tham s6 A,. Do d6, x4c suit c6 x SUE méi dén té bao con trong khoang
thoi gian 7 la:

P(x) = 2 eho) (1)

Tuong ty, SUE roi khoi té bao con cling theo phan phéi Poisson v&i tham sb .- Do do, xac
suit c6 y SUE roi khoi té bao con trong khoang thoi gian 7 1a:

P) = HeCher @

Trong cong trinh nay, ching t6i gia dinh rang viéc két néi SUE véi té bao con dugc hoan
thanh trude khi phan bd tai nguyén. Sau do, ching t6i c¢6 thé dinh nghia tip cac thiét bi ngudi
dung duoc két ndi voi SgNB n trong khe thoi gian t 12 U, (t) = 1,2, ..., 5,(t), ..., S, (2).

bé nang cao hi¢u nang str dung phé, cac tram SgNB duoc phép tai st dung tan s véi hé sd
ti 1& 1. Khi s6 luong nguoi dung dii 16n va s6 lugng tai nguyén vo tuyén hiru han thi SgNB phai
sir dung tit ca bang tin con dé cdp cho nguoi ding ciia d6. Bén canh dé, ky thuat truyén tin
khong tryc giao (NOMA) duge ap dung, cho phép 1 tram SgNB sir dung 1 séng mang con dé
ddng thoi cap cho nhiéu nguoi dung. Nguoi dung lic nay duoc phan biét voi nhau thong qua
cong suat phat. Do viéce str dung chung bing tin con, cac nguoi dung cé thé giy nhidu cho nhau.
Nhu vy, trong kich ban x4u nhat, tin hiéu dudng 1én ctia mdi nguoi dung sé chiu nhidu tir tat
ca ngudi dung sir dung chung bang tan con, trong d6 c6 bao gdm ca ngudi dung & tram lan can
va nguoi ding trong cing tram d6. Gia st tram SgNB cap bang tan con cho ngudi ding cia
n6 va ngudi dung nay dugc phép truyén tin hiéu v6i cong suat p;. Khi dé, ty sb tin hiéu trén
nhiéu cong tap am (SINR) ctia ngudi dung n thudc tram con SgNB m trén song mang con nay
duoc cho boi:

Pndn
i )
ZiL 1 ienX(OP,gT(E) + Zisa Xl x, (Op,gi(t) + 0

Vs, () = (3)

trong 46 g™ 1a 46 loi kénh tir SgNB n dén SUE s,, trong tram SgNB m, p,, 1a cong suat duoc
gan boi SgNB n cho mdi SUE, o 1a phuong sai ciia nhidu Gauss trang cong (AWGN).

Bén canh d6, ¢ dam bao hiéu ning cua ngudi dung co kénh truyén yéu ki thuat truyén
thong hop tac duoc sir dung. Vi viée sir dung k¥ thuat nay, nguoi ding ¢6 kénh truyén yéu co
thé duoc két ndi d@)ng thoi véi 2 tram c6 tin hi€u SgNB manh nhét. Tai tram MgNB, k¥ thuat

Maximum Ratio Combining (MRC) dugc sir dung phép tong hop tin hiéu ctia ngudi dung yéu.
Khi d6, tin hi¢u duong 1€n cua nguodi dung dugce tinh nhu sau:

hcombined = /2{{ |hi |2

trong d6 h; 12 do loi kénh tir SgNB thir i; K 1a s6 tram hop tac phuc vu nguoi dung thi i.
Theo biéu thitc SINR cta SUE s,,, tong théng lugng duong 1én trong té bao con thir n ¢6
thé duoc tinh theo cong thirc Shannon:

Ry (t) = Z;"_ Ry, () = Z;"_ Bylog,[1 + 5, ()] (4)

va tong thong luong clia toan bo hé thong 1a:
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R(t) = ZN_Ry(t) = ZN_, 2" Bulogy[1+v5,(D)] (5

Trong bai béo nay, hiéu qua ning luong (EE) cua hé théng mang 5G siéu day dic dugc dinh
nghia 1a ty s6 gitra tong thong luong va cong suat tiéu thu cta toan bo hé thdng. Trong khe thoi
gian t, EE c6 thé dugc biéu dién nhu:

Ny E = R(®)/(u + s ZeasaOPn+p0)  (6)
trong d6 py, va pc 1an luot 1a cong suit cia MgNB va cong suit tiéu thu duoc tao ra boi tat ca
cac truyén dan mach.
Hiéu qua phd (SE) cuia hé théng mang 5G siéu day dic duoc dinh nghia 1a ty sb giira tong
thong luong va bang thong cua toan bo hé thong, trong khe thoi gian t duge cho boi:

nOF = R(t)/EM_.Bp  (7)

Tbi da hoa SE ciia hé théng twong duong véi t6i da hoa céac tai nguyén kha dung cho hé
thong. Viéc t6i da hoa tai nguyén kha dung s& lam ting cong suat tiéu thy cta hé théng, c6 thé
dan dén giam EE cta hé théng. Nguoc lai, téi da hoa EE c6 thé dan dén giam SE. Do d6, khong
thé d4p mg yéu cau hiéu suat hé thong chi bang cach xem xét toi da héa SE hodc EE. Can phai
xem xét sy danh doi giita SE va EE. Giai quyét sy ddnh d6i giita SE va EE 1a mot bai toan t6i
uu da muyc tiéu.

Tuy nhién, trong cac giai doan cao diém va thap diém, nguoi dung c6 yéu cau khac nhau vé
SE va EE trong hé théng. Do d6, chiing t6i str dung phuong phap tong trong s6 dong dé chuyén
d6i MOOP cua su danh d6i gitta SE va EE thanh SOOP. Trong s6 dong dugc dua ra theo yéu
cau ctia nguoi ding vé SE va EE. Cang nhiéu ngudi ding, ty 1& SE cang 16n. S6 lwong nguoi
ding cang nho, EE cang tré nén quan trong. Do d6, trong s giita SE va EE trong khe thoi gian
t ¢6 thé duoc bicu dién nhu:

SN UL
0 =200 (9)

Khi d6 sy dédnh ddi giita SE va EE ¢6 thé duoc dinh nghia nhu:
max, SLin(t) = 51, [(1 - O PE + £€OnPE| (9
véi cac rang budc: (a) R, (t) = Ry ddm bao QoS cua SUE;
(b) Ep=12* () = Su(0);
(©) 23152 (t) < Spax
Ham muc tiéu: Ham muc tieu madri., n() =Y, [(1 — f(t))ng +
¢ (t)ngg] xnhﬁm t6i da hoa tong hiéu suat ciia hé thong qua tat ca cac khe thoi gian tir t=1 dén

T. Hiéu suat tong hop n(t) tai mdi thoi diém 14 t6 hop tuyén tinh c6 trong s ciia hiéu qua nang
luong (EE) va hiéu qua phd (SE). Hé sb trong s6 &(t) thay doi dong theo s6 lugng ngudi ding
trong hé thong: khi c6 nhiéu ngudi dung, &(t) ting 1én wu tién SE dé dap ung nhu ciu bing
thong; khi it nguoi dung, &(t) giam xudng uu tién EE dé tiét kiém ning luong. Cach tiép can
trong s6 dong nay chuyén ddi bai toan t6i vu da muc tiéu (MOOP) thanh bai toan ti vu don
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muc tiéu (SOOP), giup don gian hoa viée giai quyét trong khi van can bang duoc hai muc tiéu
quan trong ctia hé théng mang.

Rang bugc (a): R, (t) = RyRang budc nay dam bao chat luong dich vu (QoS) cho mdi
ngudi ding SUE trong hé thong. Cu thé, tbe do dir licu R, (t)cua nguoi ding sytai thoi diém t
phai 16n hon hoidc bang ngudng tdi thiéu Ry(vi du 1 Mbps).

Rang bude (b): TM_,  x™(t) = S,(t) rang budc nay quy dinh ring téng s khdi tai
nguyén (RB) dugc phan bd cho té bao con n phai bang chinh xac sé lwong ngudi ding
S, (t)dang hoat dong trong cell d6 tai thoi diém t.

Rang budc (¢): 33_;  5,(t) < Spayx rang budc nay gidi han tong sd ngudi ding ma mdi
té bao con co thé phuc vu ddng thoi khong vuot qua gia tri toi da Sy, Khi sb ngudi dung dén
VUQt qué Spqy, hé thong phai tir chdi két ndi méi hodc chuyén giao (handover) sang cell 1an
can. Rang budc nay dam bao hé théng hoat dong trong ving on dinh, tranh qué tai gay suy giam
chat lugng dich vu cho tat ca nguoi dung.

3.MO TA THUAT TOAN

Trong bai bdo nay, ngoai EE, SE cling dugc xem xét toan dién, vi vay bai toan phan bo tai
nguyén trd thanh bai toan NP-hard, va khé thu dwoc nghiém t6i wu. Khi dua ra quyét dinh cho
mdi khe MgNB, né chi phan bd tai nguyén cho SUE méi vao khe d6. S& khong cé phan bo lai
cho SUE di dugc phan bo. Dé can bang EE va SE ctia hé thong, bai toan phan bo tai nguyén
trong kich ban 5G UDN c6 thé dugc biéu dién nhu MDP. Bai bao ndy ap dung phuong phap
hoc tang cudng siu dé giai quyét bai toan nay.

3.1. M6 hinh co ban cia hgc tang cudong

Hoc tdng cuong coi viéc hoc nhu mot qua trinh danh giad heuristic. Agent chon mot hanh
dong cho moi trudong. Trang thai thay doi sau khi moi truong chap nhan hanh dong. Pong thoi,
mot phan hdi thudong duge tao ra cho Agent. Agent chon hanh dong tiép theo theo thuong va
trang thai hién tai cia moi truong. Nguyén tic lya chon 13 ting xac sut thuong, dé thu dugc
chién lugc t6i wu. Do d6, mdi trudng, trang thai va thudng 1a ba yéu to then chét trong hoc ting
cuong. Doi voi hé thong durge xem xét trong bai bao ndy, chiing t6i dinh nghia khong gian trang
thai, khong gian hanh dong va thudng trong khe thoi gian t dua trén khung hoc tang cuong:

« Khéng gian trang thai: Cac quyét dinh duoc dwa ra boi agent MgNB. Agent can biét trang
thai ctia mdi té bao con dé xac dinh hanh dong. Do d6, trang thai ctia agent trong khe thoi gian
t1a: s, = 5,(t), R (0), ..., 5, (t), Ry (£), x(t). Piéu nay co nghia 1 agent s& biét s6 luong va
thong lurgng cia tat ca cac té bao con va viéc phan bd tat ca RB trong hé thong.

« Khong gian hanh dong: Agent quyét dinh nhitng RB nao duoc téi sir dung bai té bao con .
Vi vy hanh dong 1a: a, = x,(t), x5 (t), ..., x,(t). Khong gian hanh dong ting theo cap s6 nhan
v6i su ting ciia SgNB. Sy bung nd khong gian hanh dong s& 1a mot van dé quan trong va kho
khan can xur 1y.

« Ham thuéng: Khi agent MgNB thyc hién hanh dong a bang cach quan sat trang thai s t,
n6 s& nhan dugc thudng tic thi r,. Muc tiéu cua ching t6i 12 t6i da hoa 2T_;n(t), vi vy ham
thuong 1a n(t) tai thoi diém t:
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r=n®) =1 -¢OmPE+OnPE (1)
3.2. Chién lwgc Deep Q Network
Tai mdi thoi diém t, agent MgNB xac dinh hanh dong a, = m(s,) thong qua chinh sach
theo trang thai hién tai s,. Tuc 1a, MgNB duoc thudng bang cach phan bd cac khdi tai nguyén
kha dung cho SgNB. Trong hoc ting cudng, lgi nhuén ky vong dugc dinh nghia boi ham gia tri
trang thai-hanh dong Q™ (s, a,), c6 thé dugc biéu dién nhu:

Q" (spar) = Ex[Z[Liv'n(s = s, a=a)]  (12)

trong d6 y 1 hé s chiét khau. Muc tiéu 13 1am cho loi nhudn twong lai it 1ién quan hon dén
hién tai. Muc tiéu caa MDP 1a tim mot chién luge tdi wu, tire 13 chién luge nhan duge nhiéu
thuong nhét. Didu nay c6 nghia 1a d6i véi tit ca cac hanh dong duoc chon béi chién lugc ti wu
T * (sp) = argmaxQ(S;41, App1), @ = 1 * (5;) s& toi da hda ham gia tri trang thai-hanh dong.

Khi khong gian rét 16n, rat khé tim chién luoc t6i wu bang cach tra ctru bang Q-value trong
Q-learning. Trong DQN, mang no-ron sau (DNN) c¢6 thé dugc sir dung dé xap xi chién luoc t6i
wu va ham gia tri toi uvu: Q * (s;, a,; 0) =~ Q(s,, a,), trong d6 0 1 tham s6 cia mang no-ron.

Pé dam bao tinh on dinh cta Q * (s;, a,; 0), mdi budc can huan luyén mang no-ron dugc
danh gia dé t6i thiéu hoa ham mat mat L(0):

- 2
L(6) = E [(n(t) + ymaxQ(ses1, ar1;07) = Q * (s,,a50)) | (13)
trong d6 0~ 1a tham sd cua target network, va 0 13 tham s cta behavior network.

3.3. Chién lwgc Dueling Deep Q Network

Trong nhiéu trang thai, kich thuéc ham gia tri cia RB dugc gan cho cic nguoi dung khac
nhau 1a khac nhau. Tuy nhién, trong mot ) trang thai, cac chinh sach phan b6 khéc nhau c6 thé
dan dén cac ham gia tri gibng hét nhau. Theo [1], Dueling DQN 1a thuat toan cai tién dya trén
DQN, str dung c4u truc mo hinh dé biéu dién ham gia tri & dang chi tiét hon. D& mo hinh c6 thé
c6 hiéu suat tot hon. Pac biét, ham gia tri trang thai-hanh dong duoc phan tach thanh ham gia
tri dua trén trang thai va ham loi thé:

Q * (Stl at; 01 u, (A)) = V(St; 9! ‘Ll) + A(Stl at; 9! (l)) (]4)

trong do p, © va 0 lan luot dai dién cho cac tham sb cua luéng gia tri trang thai, luéng loi
thé hanh dong va cac phﬁn con lai cia mo hinh. Tuy nhién, trong thuc té, luéng loi thé ciia hanh
dong thuong dugc dat 1a gia tri ctia ham loi thé cua ting hanh dong trir di gia tri trung binh cta
tat ca cac ham loi thé cua hanh dong trong mot trang thai nhét dinh. Do d6, ham loi thé thuc sy
duoc biéu dién nhu:

A(sg a0, w) = A(s, a; 0, w) — (1/[ADZ o A(sg, at; 0, w)  (15)

Phép toan cua (15) khong chi dam bao rang ham trdi cua mdi hanh dong trong trang thai
nay khong thay ddi, ma con giam pham vi cia Q-value va loai b6 bac tu do du thira, cai thién
tinh 6n dinh.

Thuit toan 1: Phan bo tai nguyén dong dua trén Dueling DQN véi truyén thong hop tac
Piu vao: (state, action), QoS, tap RB kha dung M, ngudng weak user
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Piu ra: Chudi hanh déng tdi wu x™(t), tdng trong s6 n(t) cia EE va SE

1: Khéi tao replay buffer D véi dung luong N

2: Khéi tao mang gia tri trang thai-hanh dong Q * (s, a,; 0) voi trong sb 0

: Khoi tao target network Q * (sf, al; 67) véi trong s6 6~

: for episode =1 : K do

Khoi tao méi truong hé théng 5G UDN, MgNB nhan trang thai ban dau s

Xac dinh weak users dua trén chat lugng kénh (50% thap nhét)

fort=1:Tdo
MgNB chon hanh dong a t tai trang thai s_t sir dung e-greedy tr a, = maxQ * (s;, a;, 0)
if coop_mode then

10:  Gan 2 SGNB t6t nhat cho mdi weak user

11: Ap dung MRC: heompinea = v (Z1h;]?)

12: endif

13:  MgNB thyc hién hanh dong a, dé phan bd cac RB da chon cho SUE

14:  Tinh thudng tic thi r, dya trén (11) (bao gdm cooperative bonus)

15: MgNB nhén trang thai hé thng tai thoi diém tiép theo sp44

16: MgNB luu kinh nghiém s;, a;, 1%, S¢41 vao replay buffer D

17: if dung luong cia D da dat N then

18:  MgNB chon ng?m nhién mot batch mau Sj, Qj, 1j, Sj41 tU D

19:  MgNB tinh hai ludng mang: V (s, 8, 1) va A(s., a., 6, w)

20:  Két hop thanh Q * (s;, as; 6, 4, w) dya trén (14)

21:  ifsjiqlasptheny; =7

hal NI

22:  elsey; =r1; +y max Q * (sj41, Ayp; 07,17, w”)
’ 5 ’ 2
23:  MgNB t5i thidu hoa him mat mat L(0, y, w) = E [(yj —Q* (s 6)) ]

24:  thong qua gradient descent dua trén (13)

25:  MgNB hoan thanh cap nhat tham sd target network 6~ = 8 mdi C budc
26: endif

27: end for

28: end for

4. PANH GIA HIEU SUAT

Trong phan nay, ching t6i danh gia Dueling DQN dé giai quyét bai toan phan b tai nguyén
dong. Két qua mo phong cho thiy so véi thuat toan khong sir dung truyén thong hop tac, phuong
phap Dueling DQN véi truyén thong hop tac dugc cai thién.
4.1. Moi trweong mo phong

Chutng t61 xem xét mot MgNB, mot mang siéu day dac cua cac SgNB. Trong mo6 phong,
mdi nguoi dung chi co thé chiém mot RB. Trong Dueling DQN, dé tranh hoi tu ctia muc tiéu
tdi wu vé cuc tiéu cuc bo, chién lugce e-greedy thich ing dugc sir dung. Cac tham s6 mod phong

dugc st dung duoc hién thi trong Bang 1.

Bang 1. Tham s6 mo phéng
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Tham s6 mé phéng Gia tri
Tong bang thong hé thong 10 MHz
S6 luong SGNB (N) 10
S6 lugng ngudi dung (K) 5

Cong suat SGNB hoat dong (p,,) | 6.8 W

Cong suat SGNB ngl (pg;) 43 W

Cong suit phat t0i da (Pr) 1.0 W

Hiéu suat bo khuéch dai cong suat ()| 0.25

Téc d6 hoc (learning rate) 0.001
Hé sb chiét khau (y) 0.99
Kich thudc replay memory D 100000
Ngudng phan loai nguodi dung 50%

4.2. Két qua mé phéng va thio luin

Hinh 1 minh hoa qua trinh hoc ctia thuat toan Dueling DQN trong kich ban nhu cau
trung binh (20-30 Mbps) véi 10 SGNBs va 6 ngudi dung. Truc hoanh biéu dién sé episode,
truc tung 1a cong sudt tiéu thu trung binh (W). Pudng xanh d¢am (khong hop téc) cho thdy cong
suat ban dau cao (~75 W) va giam déan theo episode, sau d6 hoi tu twong ddi nhanh tir khoang
episode 8-10, 6n dinh quanh muic 68—69 W. Cac duong xanh nhat phia sau thé hién gia trj tho
trude khi smoothing, phan anh dao dong do qua trinh exploration ctia agent trong giai doan dau
hoc. Nguoc lai, duong do dam (hop tac) luon duy tri & muc thép hon, dao dong quanh 62-63
W, v&i bién d6 bién thién nho hon so véi truong hop khong hop tac. Cac duong do nhat cho
thay agent thir nghiém cac chién lugc hop tac khac nhau (bat/tait SGNB phdi hop), nhung nhin
chung qua trinh hoc 6n dinh hon va hdi tu sém. Khoang chénh 1éch cong sut giita hai co ché
vao cudi qua trinh hoc vao khoang 5-6 W, tuong dwong 8-9%, cho thay trong diéu kién tai

trung binh, co ché hop tic MRC két hop Dueling DQN van mang lai loi ich tiét kiém nang

https://doi.org/10.65153/hap55888
Journal of Science and Technology of East Asia University of Technology



Tap chi Khoa hoc va Cong nghé Trudong Pai hoc Cong nghé Pong A

rét SO voi phuong phap khong hop tac.

—— Khong hop tac
73 — Hop tac

72

70 H

68

Cong suat tieu thu (W)

62 1

60

2 4 6 8 10 12 14
Episode

Hinh 1: Cong suét tidu thy trong qué trinh huan luyén

Céng sudt tiéu thu theo tdc dd ngudi dung

—de— Hop tac »
2501 —@ Khong hgp téc /

200 1

thu (W)

t tiéu

8ng cbng sua

1501

100

T

50 1

10 20 30 40 50 60
T8¢ dd trung binh cla ngudi dung (Mbps)

Hinh 2: Cong suét tiéu thu theo toc do ngudi dung
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Hinh 2 minh hoa mdi quan hé gifta cong sut tiéu thu va nhu cAu nguoi dung trung binh cho hai
phuong phap: Dueling DQN véi truyén thong hop tac (dudng do) va Dueling DQN khéng hop
tac (duong xanh). O mirc nhu cu thap (10-40 Mbps), ca hai phwong phap c6 cong suit tiéu thy
tuong duong (~67-69W) do agent t6i wu hoa bang cach tit cic SGNB khong can thiét. Khi nhu
cau tang 1én 50 Mbps, su khéac biét bat dau rd rét: phuong phap hop tac chi tiéu thu 73.8W so
v6i 101.2W caa phuong phap khong hop tac, tiét kiém 27.1% cong suat. Uu diém vuot trdi cua
co ché hop tac thé hién ¢ hai khia canh: (1) Tiét kiém ning luong dang ké tai mirc tai cao nho
k¥ thuat MRC két hop tin hiéu tir 2 SGNB t6t nhét, gitp ting SNR tong hop ma khong can ting
cong suit phat; (2) M6 rong kha ning phuc vu - phuong phép hop tac c6 thé dap tng nhu cau
1én dén 60 Mbps v6i 79.5W, trong khi phuong phap khong hop tac chi dat toi da 50 Mbps va
khong thé tim duoc giai phap kha thi cho nhu cau cao hon do thiéu tai nguyén hd tro ngudi

dung yéu.
5. KET LUAN

Bai bao da d¢ xuét phuong phap tdi uu hoa tai nguyén dong cho mang 5G UDN duya trén thuat
toan Dueling Deep Q-Network két hop co ché truyén thong hop tac st dung k§ thuat Maximum
Ratio Combining (MRC). Phuong phap mé hinh héa bai toan can bang EE-SE nhu qua trinh
quyét dinh Markov v41 ham muc tiéu trong s6 thich nghi. Co ché MRC tu dong nhan dién 50%
ngudi ding yéu va phan bo hai SGNB t6t nhat dé phuc vu dong thoi, cai thién SNR tong hop
ma khong ting cong suat phat. Két qua mo phong véi 10 SGNBs va 6 ngudi dung cho thiy hai
vu diém vuot troi: (1) Tiét kiém ning luong - tai mire tai 50 Mbps, phwong phap hop tac tiéu
thy 73.8W so v6i 101.2W cia phuong phép khong hop tac, giam 27.1% cong suat; (2) M6 rong
kha nang phuc vu - phuong phéap hop tac c¢6 thé dap img nhu cau 1én dén 60 Mbps trong khi
phuong phép khong hop tac chi dat t6i da 50 Mbps do khong du tai nguyén cho nguoi ding

yéu.
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