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Improving the user performance, especially for users at cell edge areas
or edge users, is one of the most important requirements of 5G and 6G
cellular networks which have a high densification of base stations. This
paper presents the analysis and optimization of edge user performance
under the dual-slope path loss model and Rayleigh fading by utilizing
advanced techniques, called Joint Scheduling (JC), and Deep Q
Network (DQN) utilizing Q-learning. The dual-slope path loss model is
widely used to analyze the network performance of 5G and beyond
since it is able to capture the attenuation properties of the real wireless
transmission environment. In a JC system, a user can proactively select
the base station with the highest downlink signal to communicate with.
Meanwhile, the DQN dynamically adjusts the base station transmission
power to adapt to change in the wireless environment. The analytical
results indicate that the deployment of JC with DQN can increase the
edge user performance up to 35% or 200% more than that of the system
which applies DQN only or Maximum power (MP) respectively.
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Nang cao hiéu nang ngudi dung, dac biét 1a nhitng ngudi dung & bién
ctia ving phu séng, 1a mot trong nhitng yéu cau cap thiét cua mang di
dong c6 mat do tram phat day dac nhu mang 5G, 6G. Do do, bai bao
nay tap trung phan tich va téi wu hiéu ning ctia nguoi dung bién trong
moi truong suy hao dual — slope va anh huong cta Rayleigh pha dinh
bang cach sir dung k¥ thuat tién tién cua di dong 1a 1ap lich dong thoi
(JC) va mang hoc sau (DQN) st dung thuat toan Q-learning. M6 hinh
suy hao dual-slope dugc sir dung rong rai dé danh gia hiéu ning mang
Vi n6 ¢6 kha ning mé ta dic diém suy hao cong sudt cia moi trudng vo
tuyén thuc té. Trong hé thdng sir dung ky thuat JC, ngudi ding chu
dong lya chon tram co tin hiéu manh nhat dé két néi. Viéc st dung
mang DQN cho phép céc tram co s lya chon cong suét phat phu hop
v6i moi trudng. Cac két qua phan tich chi ra rang viéc sir dung ky thuat
lap lich dong thoi két hop véi DQN c¢6 thé nang cao hiéu ning cia
nguoi dung bién tuong ung 1én 35% va 200% so véi truong hgp chi st
dung DQN va thuat toan cong suat t6i da (MP).
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1. Gigi thigu

Mang thong tin di dong thé hé thir 5 (5G) dang duoc trién khai tai nhiéu nudc trén thé gidi voi
ky vong cung Cap cac loai dich vu bang thong rong, thoi gian thuc va do 6 6n dinh cao, dong thoi
cung cap luong két ndi 16n cho ngudi ding [1]. Bé dat duge cac ky vong trén, mang 5G duoc xay
dung véi mat do tram day déc va ving phu song ctia mét tram di dong ciing nho hon so vai cac
thé hé mang trudce d6 [2]. Khi d6, xac suit ngudi ding nam tai vi tri bién hay ving giap ranh (goi
1a nguoi dung bién) gitra cac tram I rat 16n. Tai cac vi tri nay, tin hiéu tir cdc tram phuc vu tuong
ddi yéu nhung tin hiéu nhiéu tir cac tram lan can lai l6n. Do d6, hiéu ning cta ngudi dung bién
thuong rat thap.

Viéc danh gia va nang cao hiéu ning cta nguoi ding bién da dugc quan tim trong rat nhiéu
céc cong trinh nghién ctu trudce day. Cu thé, cic nghién ctru thuong tap trung dénh gia anh
hudng cua cac ky thuat tién tién 1én hiéu ning cua ngudi dung bién. Mot trong cac ki thuat do 1a
ky thuat truyén thong hop tac da diém (Coordinated Multipoint Point Processing (CoMP)) [3].
K§ thuat nay cho phép nguoi dung dong thoi két ndi toi nhiéu hon 1 tram phét. Trong céc tai liéu
cia 3GPP, ky thuat CoMP ¢ thé dugc phan chia thanh 3 loai: Truyén dong thoi (Joint
Transmission), Lap lich dong thoi (Joint Scheduling) va Lap lich Beamforming dong thoi giira
cac tram (Joint Beamforming). K§ thuat 1ap lich theo Beamforming dwgc coi la phuc tap nhat vi
can co su két hop va ddng bo gitra antenna Cua cdc tram phat. K§ thuét truyén ddng thoi cho phep
ngudi ding nhan dit liéu cing lac tir mot s6 tram 14n can nhung ky thut nay yéu cau su déng bo
cling nhu tinh toan va sy phuc tap cao. Trong khi d6, k¥ thuat I1ap lich déng thoi hoan toan ¢ thé
do ngudi dung chu dong bang cach do tim tram phat c6 tin hiéu manh nhét. Pay 1a k¥ thuat co
kha nang thuc thi cao hon ca. Do d06, bai bao nay tap trung nghién ctru va danh gia anh hudng cua
ky thuat 1ap lich dong thoi 1én ngudi dung bién.

Viéc nghién ctru anh huong cua ky thuat 1ap lich dong thoi dbi voi nguoi ding bién da duoc
xem xét trong [4]. Két qua phén tich va mé phong cho thiy rang ky thuat 1ap lich dong thoi c6
thé cai thién hiéu ning ngudi dung c6 didu kién xau nhit, 1a nguoi dung tai vi tri giao cta cac
tram. Tuy nhién, bai bao nay sir dung mé hinh suy hao truyén théng (single-slope) L = r~¢%,
trong d6 r 1a khoang cach truyén tin, a 1 hé sé suy hao. Trong hé thong thong tin di dong sir dung
tan sé cao nhu 5G va 6G, cong suét tin hiéu nhan cua nguoi dung bién thién mot cach ngau nhién
va phu thudc vao rat nhiéu yéu té khac nhau nhu dic tinh ctia méi trudng truyén tin, mat do cua
cac vat can. 3GPP khuyén nghi sir dung mé hinh suy hao dual-slope, trong d6 xac dinh xac suat
duong truyen gitta ngudi dung la duong truyén trong tam nhin thang LoS (Light-of-Sight) hay
duong truyen khong trong tim nhin thing (non Light-of-Sight) [5]. Voi mdi truong hop, 3GPP
déu dua ra biéu thirc tinh suy hao duong truyén tuong (ng.

Bén canh k§ thuat I4p lich dong thoi, bai bao con dé xuat ap dung phuong phap mang hoc sau sir
dung thuat toan Q-learning dé t6i uwu cong suat cua cac tram phat, tir d6 nang cao hiéu ning cua
nguoi dung. Viéc sir dung thuat toan Q-learning dé tdi wu céc bai toan trong mang vién thong da tro
nén phd bién nhd sy thich nghi cua thuat toan di véi tinh ngiu nhién cua mang [6] - [8]. Cu thé,
trong nghién ctru ctia minh, nhom tac gia Zhong va cac cong su da xay dung thuat toan 14p lich phu
hop voi cac loai hinh dich vu da phuong tién cua 5G. Trong [6], thuat toan Q-learning da duoc st
dung dé tbi uu cong suat ciia nguoi ding dwgc phan bd ngau nhién trong mang. Cac két qua mo
phong cho thiy rang thuat toan Q-learning c6 thé cai thién dang ké hiéu ning cua nguoi dung.

Tuy md hinh dual-slope dd dugc 3GPP khuyén nghi dé mé hinh kénh truyén trong mang di
dong, viéc str dung mo hinh nay dé danh gia hiéu ning cua nguoi ding bién con rat han ché. Cu
thé, cac cong trinh nghién ctru thuong st dung mé hinh suy hao truyén théng L = r~% hay mé
hinh suy hao Stretched Path Loss model [4], [9], [10]. Bén canh dd, céc bai toan tbi wu hiéu ning
nguoi dung chu yéu xem xét ngudi dung c6 vi tri ngau nhién trong mang, va bé qua nguoi dung
¢6 vi tri ¢d dinh tai bién. Nhitng diém trén da thuc ¢y nhom téc gia tap trung nghién ciru va ti
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vu hiéu ning cua ngudi dung bién sir dung mé hinh suy hao dual-slope bang ky thuat 1ap lich
ddng thoi va Q-learning. Nghién ciru nay duge thuc hién nhim cac muc tiéu sau:

e  Trinh bay cac két qua phan tich va danh gia hiéu ning cia nguoi ding bién bang viéc sir
dung md hinh dual-slope theo khuyén nghi ciia 3GPP.

e D¢ xuat viéc két hop k¥ thuat 1ap lich dong thoi véi mang hoc sau st dung thuat toan Q-
learrning dé nang cao hiéu ning nguoi dung bién.

e  So sanh hiéu ning cta phuong phap dé xuét véi cac phuong phap khac dé cho thay rang
viéc ap dung hai k§ thuat néu trén 1a huéng kha thi dé ting dung luong ngudi ding bién.

2. Phuwong phap nghién ciu
2.1. M6 hinh hé théng

Bai bao nghién ciru mang thong tin di dong c6 vung phu song dugc duge phan chia thanh N té
bao luc giac dong nhat. Trong d6, moi t€ bao dugc phuc vu bai 1 tram phat dat tai trung tdm cua

té bao nhu Hinh 1. Nguoi dung duoc gia thiét phan bé mot cach ngiu nhién va dugce coi 1a nguoi
dung bién néu ngudi ding nay nam trén ria phi séng ctia tram phat.

gudi dung bién

X

Tram co s&

Hinh 1. M6 hinh mang di dong gom 4 tram co sé

Tin hiéu v6 tuyén dugc gia thiét chiu anh huéng boi ca pha-dinh nhanh (fast fading) va pha-
dinh cham (slow fading). Trong d6, pha-dinh nhanh duwoc mé hinh héa bang phan b Rayleigh
v6i do loi cong suét cia kénh truyén tuan theo phan b mi. Gia thiét phan bd cua do loi cong
suat 1a f(g) = e~9. Pha-dinh chdm duogc dic trung thong qua suy hao cong sudt va duoc tinh
theo mo hinh dual-slope. Cu thé, x4c suat dudng truyén gitta ngudi ding va tram phat k 1a duong
truyén trong tam nhin thang (LoS) va duong truyén khong trong tim nhin thang (nLoS) twong
g 1a p}, va 1 — pk. Bbi véi truong hop LoS thi cong suat suy hao theo khoang cach d 1a pk (1)
va ddi véi truong hop nLoS 1a pi. Khi d6, cong suat suy hao trung binh cua tin hiéu khi khoang
cach gilra nguoi dung va tram phat ¢ vi tri 1, dugc tinh nhu sau:

L(r) = pipi(md) + (1= pi)pie (i) )
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2.1.1. Hé thong khong sir dung ky thugt Lap lich dong thoi (JC)

Trong hé théng khong sir dung ky thuat 1ap lich dong thoi, mdi ngudi ding chi nhan tin hiéu
tir mot tram phat duy nhat. Khi do, tin hiéu duong xudng tai nguoi ding ¢ khoang cach r tir tram
phuc vy dugc tinh bang cong thic sau:

S=PglL(r) (2)

trong d6 P la cong suét cua tram phuc vu.

Bén canh nhidu Gaussian voi cong suat 02, ngudi dung trong mang thong tin di dong thuong
phai chiu anh huong nhiéu cé cong suat | tir cac tram lan can. Trong truong hop xau nhat moi
ngudi dung chiu anh huong tir tit ca cac tram lan can. Khi do, tong cong suat nhidu mdi nguoi

dung phai chiu la:
N-1 3)
= Z P giL(ri)
=1

trong d6 Py 1a cong suét cua tram nhiéu thtr k, g va L(7) lan Tuot 1 d6 loi cong suat va suy
hao cong suat cia duong truyen tir nguoi dung t6i tram nhicu k.
Khi do, ti s6 Tin hiéu - Nhiéu cong On (SINR) duoc tinh nhu sau:
PgL(r
SINR = =2 ) > (4)
Yn=i Pegxl(n) + o

2.1.2. Hé thong sir dung ky thugt Lap lich dong thoi (JC)

Trong hé théng mang thong tin di dong sir dung ky thuat truyén thong hop téc, cu thé 1a ky
thuat 1ap lich dong thoi (Joint Scheduling), mot nguoi dung c6 theé ket noi véi nhieu hon mot
tram phat nhung tai mot thoi diém nguoi dung do6 chi nhén tin hi¢u tir tram phat c6 tin hi¢u tot
nhat.

Gia s nguoi dung dugc két néi voi M tram phat cung luc. Khi do, tram m dugce coi la tram
phuc vu ctia nguoi dung néu n6 thoa man dieu kién sau:

PngmL(ry) = max, Py giL(ry) )

Trong noi dung bai bao nay, gia thiét rang khi tram m duogc chi dinh phuc vu 1 nguoi ding
nao do thi cac tram phat khac trong nhom M tram lién két hoan toan c6 thé phuc vu cic ngudi
dung khac va gay nhidu 1én chinh nguoi ding dang xét. Khi do, cong suat nhidu tai ngudi ding
dugc tinh bang tong cong sudt cua tat ca tin hiéu tai ngudi dung dé trir di cong suit cua tin hiéu
phuc vu. Cu thé 1a:

6
1= Pgal(i) = max_ Pegel(ro) ©
n=1,..,M
n=1
Khi d6 ti s6 SINR duoc tinh nhu sau:
max P giL(ri)
SINR = n=l..M (7

(ENo1 Pugnl C) — L PegiL(r)) + 02
2.2. Dung luwong ngwoi dung
Theo dinh 1y Shannon, dung lugng ciia ngudi ding voi bang théng chuan hoa duoc tinh bang
cOng thirc sau:
C = log,(1+ SINR) (8)

Tir biéu thire 4 va biéu thic 8, ta thiy dung lugng ciia nguoi ding 1a ham s cta cong suat
phat gom ca tram nhiéu va tram phuc vu, s6 luong tram nhiéu va khoang cach gitta ngud¢i dung
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t61 cac tram. Trong m6 hinh mang 5G, cac tram phat c¢6 thé trao d6i thong tin véi nhau thong qua
giao dién vo tuyén Xn [11]. Tuy nhién, viéc phan cap ngudn tai nguyén dlen ra thuong xuyén
theo mot hoac mot vai khe thoi gian, nén viée trao d6i thong tin vé cap nguon tai nguyén hoan
toan c6 thé gdy ra qué tai trén giao dién vo tuyén Xn. Do do6, cic tram ‘thuong cap nguon tai
nguyén mot cach doc 1ap véi nhau. Hay noi cach khéc, kho co thé thay ddi s6 lugng tram nhiéu
cua nguoi dung. Ngoai ra, khoang cach ngudi dung to1 cac tram phat song ciing khong thé thay
d6i. Do @0, diéu chinh cong suat tram phat 1a mot phuong an tdi wu dé nang cao dung luong
nguoi dung.

Vi vay, bai bdo nay tap trung xay dung bai toan t6i uu cong suat cua tram phat dé nang cao
hiéu nang cua nguoi dung. Theo khuyén nghi ctiia 3GPP, cong suat cua tram co s¢ 0 thé dao
dong trong 1 khoang nhat dinh tir (Pyin, Prax) [11]. Khi d6, bai toan téi wu cong sudt duge mo ta

nhu sau:
9
mPaxZ Cn 9)
n

St.Ppin < P < Pooy
Trong bai bao nay, mang hoc sau st dung thuat toan Q-learning sé duoc s dung dé toi uu
cong suat phat cua céc tram co sé.

2.3. Mang hgc sdu sir dung thugt todn Q-learning

Hoc sau sir dung thuat toan Q-learning la mot trong nhitng thuét toan hoc tang cudng phd bién
¢6 ban chat 1a thir di thir lai va rat ra kinh nghiém sau mdi lan nhu vay. Mot trong nhiing loi thé
cua thuat toan Q- learning la né co thé hoc 1 gia tri cia mot hanh dong nao d6 ma khong can yéu
cAu mot md hinh cu thé [7]. Cac budce chinh cua thuat toan Q- leamlng dugc mo6 ta nhu sau:

e  Trang thai - State: Tai budc nay, cac trang thai ban dau cua mang, cu thé 1a sb lugng va
vi tri ngudi dung, chat luong kénh truyén, vi tri cia cac tram va gi6i han cong suit cua ching
dugc thiét lap. Gia thiét rang, cac tram co so c6 kha nang xac dinh tuwong ddi chinh xéc vi tri cua
nguoi dung théng qua cac ban tin tham chiéu (Positioning Reference Signal) [12]. Bén canh do,
cac thong sb cua moi truong suy hao va pha-ding nhanh ciing duoc xac dinh va luu trit tai cac
tram co s0.

e Hanh dong - Action: Theo cac khuyén nghi cia 3GPP [13], tram co s& c¢6 thé lya chon
bat ky mirc cong suét nao trong dai cong suét da duoc dinh trudc (Pmin, Pmax). Trong thuat toan
Q-learning, dai cong suat nay s& duoc chia thanh nhiéu mic khac nhau. Mdi budc cua thuat toan
Q-learning s& lya chon gia tri cong suit phu hop dé gan cho tirng tram.

e Giai thuong - Reward: Bai toan tap trung ti wu dung luong ctia ngudi dung nén ham tinh
dung Iugng trong Cong thirc 8 dugc dung lam ham giai thudng cho thuat toan Q-learning.

3. Két qua mé phéng

Noi dung phan nay tap trung danh gia sy on dinh cua thuat toan Q-learning va so sanh anh
huong cua thuat toan Q-learning va k¥ thuat JC 1€n hi¢u nang ngudi dung bién. Thuat toan cong
suit cuc dai (Maximum Power - MP), cho phép tét ca cac tram phat hoat dong voi cong suét toi
da, dugc sir dung 1am thuét toan tham chiéu. Déi véi hé thng st dung DQN va thuét toan MP,
gia thiét rang nguoi dung két ni t6i tram gan nhét. Day ciing 14 mot phuong an kha thi trong
mang 5G do vi tri clia ngudi dung hoan toan co thé duoc xac dinh mot cach gan dung thong qua
cac tin hiéu tham chiéu vi tri duong xubng (Downlink Positioning Reference Signal) [12]. Trong
khi d6, véi h¢ thong su dung JC - DQN, nguoi dung s& chu dong lua chon tram phat cung cap tin
hiéu c6 cong sudt 16n nhat dé két ndi.
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3.1. M6 hinh mé phong

Dé danh gia anh huong cua thuat toan DQN va ky thuét 13p lich dong thoi, trong phan nay mo
hinh mang luc giac gobm 25 tram phat séng dugc mo phong va danh gia. Nguoi dung dugc phan
b mot cach ngdu nhién trén dudng bién cia ving phu séng. Trong do, tat ca cac tram phat c6
ban kinh phu song la 250 m va sir dung chung bang tan. Do tinh doc 1ap cua céc tram phat trong
viéc cap phat bang thong cho ngudi dung, tat ca cac tram co thé phat trén cung mét bang tan tai
cung mot thoi diém. Do d6, chuong trinh mo phong gia thiét mdi nguoi dung chiu anh hudng
nhiéu tir tat ca cac tram lan can. Khi do, SINR va tdc do tbi da cia nguoi dung dugc tinh theo
Cong thirc 8 va 9. Thong thuong, mdi nguoi ding dugc phuc vy trén dai tin riéng. Trong mo
phong, ching t6i chi xem xét mot don vi bang thong cho mdt nguoi dung.

Tin hiéu truyén trong mang duoc gia thiét chiu anh huéng cua ca pha-dinh nhanh va pha-dinh
cham (suy hao cong suét). Trong do, pha-dinh nhanh c6 ham phan bb Rayleigh, suy hao cong
suit theo mé hinh dual- -slope. Theo 3GPP [5], xac suat duong truyén giira ngudi dung va tram
phat song 1 dudng truyén trong tam nhin thang la:

1 néud < 2,5m
d-5
pl=1{e 208 néusm < d < 49m (10)
d—49
e 211 néu49m <d

Xac suit duong truyé‘n trong t?up nhin khéng thing 1a p™ = 1- p'. Cong suét suy hao ddi
véi duong truyén trong tam nhin thang va khong trong tam nhin thang twong Gng nhu sau:

PY(d) = 32,4+ 17,310g(3D) + 201log;,(f;)

P (d) = max(P'(d), PV (d)) (1)

Trong do P! =38 ,31log(3D) + 17,3 + 24,9log1(f) . Céc tham s6 md phong khac duoc
mo ta boi bang I. Trong d6, s6 episode thé hién sb lugng cac trang thai va hanh dong cua thuat
toan. Khi episode du 16n, thuat toan Q-learning s& co tinh hoi tu va 6n dinh. Trong mdi trang thai,
gia thiét rang pha-dinh 12 bt bién va qua trinh truyén tin dugc thuc hién trong 100 khe thoi gian -
mbi khe thoi gian co d6 16n 1a 20 ms. Khi s6 lwong khe thoi gian 1on thi qua trinh truyén tin dién
ra 1au hon, khi d6 qué trinh hoc s& duoc dién ra dai hon. Do d6, twong tu nhu sb episode, sb
lwong khe thoi gian I6n thi két qua ciing on dinh hon.

Bang 1. Tham s6é DON

Tham s6 mé phéng Gia tri
S6 episode 5000
Sb test_episode 500
S6 khe thoi gian/episode 100
Thoi gian cia mot khe thoi gian 20 ms
Tbc @6 hoc ¢ 0,001
Hé s6 chiét khau (discount factor) 0

Thuat toan t6i vu Adam duoc sir dung trong Q-learning vai toc do hoc 1a ¢. Khi gia tri { cang
nho thi thuat toan cang tdi wru. Tuy nhién, diéu nay ciing kéo theo thoi gian thyc thi ctia chuong
trinh ciing tang theo. Do d6, bai bao nay str dung gia tri { dugc khuyén nghi chung, di dé dam
bao tinh 6n dinh cua thuat toan Q-learning 1a { = 0,001.

3.2. Pdnh gid hiéu ning theo dit ligu hudn luygn (training)

Hinh 2 so sanh hiéu nang cua nguoi dung trong hé thong sir dung JC - DQN va DQN. Luu y
rang véi thuat toan MP thi cong sut duoc gan cb dinh va khong bi anh huong boi s6 lan training
nén két qua mo phong khong dé cap thuat toan MP trong phan nay. Ddi vai thuat toan JC - DQN
va DQN qua trinh huan luyén dugc mé ta nhur sau:
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e V6i mbi gia tri epsilon, chuong trinh m6 phong phat mét mé hinh mang véi cac thong s6
nhu vi tri ngu’(n duing, pha-dinh, xac suat dudng truyén thang va khong thing.

e V6i mdi mo hinh mang dugc phat, qua trinh truyén tin dugc thuc hién trong 100 khe thoi
gian, thoi gian cia mdi khe thoi gian 12 20 ms.

e Trong qua trinh truyén tin, thuat toan DQN thyc hién qua trinh hoc dé t6i wu cong suat
phat cho tung tram phat va tinh toan dung luong cua nguoi dung. Thong qua viée danh gia dung
luong ngudi dung, thuat toan DON thuc hién t6i wu cac gia tri cong suat. Luu y rang viéc lya
chon céc théng s6 nhu ham 151, hé s6 chiét khau (discount factor) anh hudng 16n t6i su hoi tu cia
thuat toan.

Hinh 2 mé ta tdc do trung binh ctia qué trinh huan luyén véi cac gia tri epoch khac nhau. Téc
d6 biéu thi trong Hinh 2 1a téc d6 trung binh cuia 100 khe thoi gian va dwoc vé bang k§ thuat cira
s6 v6i kich thudc cira 6 1a 5.
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Hinh 2. So sanh hiéu nang JC - DQN, DQN vai Trainning Epoch

Hinh 2 cho thay hé théng JC - DQN hoan toan vuot troi so véi hé thdng chi st dung DQN.
Trong cac gia tri epoch ban diu, cic thuat toan thuc hién viéc xay dung mang ciing nhu céc tinh
chat vo tuyén. Do do, dong gop cua thuat toan Q-learning trong giai doan nay la khong dang ké.
Su khéc biét khoang 2,1 bit/s/Hz vé toc do nguoi dung ¢ day la do ky thut JC. Cling theo hinh
V@ trén, ta thay su khac biét trén dugc duy tri trong sudt qua trinh huan luyén (training). Két thuc
pha huan luyén, ching ta gia thiét rang thuat toan DQN di hoc dugc cach wéc lugng cong suit toi
vu cho tirng tram phét v6i cac mo hinh va didu kién truyén tin cu thé.

3.3. Pdnh gid hiéu ning theo khe thoi gian tai pha kiém thi

Trong phan nay, ching t6i danh gia hiéu néng cua 3 thuat toan JC — DQN, DQN va MP trong
pha kiém thir (testing phase) véi gia thiét rang viéc lua chon cong suét tdi vu cho ting tram phat
trong mo hinh mang cu thé da duoc xac dinh trong pha huan luyén. Twong tu véi pha huan luyén,
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qué trinh kiém thir ciing dugc thuc hién vaéi 100 khe thoi gian va thoi gian cua mdi khe thoi gian
14 20 ms. Hinh 3 cho thay sy 6n dinh va tuong quan gitra toc d¢ cua ngudi dung bién trong hé
thong str dung JC - DQN, chi st dung DQN va st dung thuat toan MP.
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Khe thoi gian

Hinh 3. So sanh hiéu nang trong truong hop sir dung JC - DQN véi DON va MP

Hinh 3 cho thdy rang hé thng sir dung JC - DQN c6 thé cho hiéu ning vuot troi so véi hé
thdng chi sir dung DQN va MP. Cu thé, nguoi ding bién trong hé thdng st dung JC - DQN c¢6
thé dat tbc do trung binh 1a 4,2 bit/s/Hz, cao hon khoang 35% so v&i truong hop chi sir dung
DQN va gap doi so véi truong hop su dung thuét toan MP. Thudt toan MP dat hiéu ning thép
nhét do viéc sir dung cong suat toi da cua cac tram phat cling dong ‘nghia véi Viéc cong suat nhidu
tir cac tram lan cén gay ra cho ngudi dung bién ¢ muc t6i da. Diéu nay truc tiép lam giam hiéu
ning ciia mang. Ngoai ra, thudt toan MP gan ¢ dinh cong suit cho tirng tram nén khéng c6 tinh
linh dong khi mdi trudng thay doi. Mang hoc sau DQN st dung thuét toan Q-learning c6 tinh linh
ddng cao va khic phuc duoc nhuoc diém cua thuat toan MP bang cach tinh toan va cap cong suat
phu hop cho ting tram, trong tung khe thoi gian cu thé. Tuy nhién, hé thong su dung DQN van
chi cho ngudi dung két ndi toi 1 tram, trong truong hop nay 1a tram gan nhat. Do su bién dong
clia kénh truyén nhu gia tri do loi cong suét tic thoi va suy hao, tram gan nhat co thé khong co
tin hiéu manh nhit. Do d6, hé thong nay chua t6i wu t6i da duoc hiéu ning ngudi ding bién. Ky
thuat két hop JC va DQN khic phuc duoc nhuge diém nay bang cach cho phép ngudi dung két
ndi voi tram ¢ cong suat I6n nhat trong khe thoi gian d6. Bong thai, mang DQN thyc hién t6i wu
cong suat phat cia cac tram. Do d6, hé thdng két hop JC va DQN cho hiéu ning 16n nhét.

3.4. So sdnh hiéu ning JC — DON va DON véi 56 lwgng cdc tram phdt khdic nhau

Trong phan nay, hiéu nang cua ky thuat JC — DQN va DQN dugc so sanh trong cac md hinh

mang c6 s6 luong tram phat song khac nhau. Cu thé, s6 luong tram gdc dugc xem xét thay doi

trong khoang tir 5 E‘Ien 25. Gi4 tri téc d6 trung binh trong Hinh 4 duoc do bang cach ldy trung
binh cua 500 1an kiém thu.
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Hinh 4. So sanh hiéu nang JC-DON, DON khi tang sé lwong tram géc

Hinh 4 cho thiy gia tri tbc do trung binh cua nguoi dung trong ca 2 hé thong str dung JC-
DQN, va DQN giam xuong khi mét d tram gdc trd nén day dic hon. Nguyén nhén 1a do su gia
tang s6 luong tram gdc dong nghia voi su gia ting nhiéu tac dong 1én nguoi dung. Khi d6, ngudi
dung s& chiu anh hudng nhiéu tir nhiéu tram 14n cén va thu duge tin hiéu kém hon. Hé qua la hiéu
nang ngudi ding giam. Ngoai ra, hinh 4 con cho thy hiéu ning ctia nguoi dung trong hé thdng
JC-DQN vuot troi hon hé théng DQN véi khac biét khoang 2 bit/s/Hz. Viéc dat dugc hiéu ning
vuot troi van duge duy tri khi $0 luong tram géc tang lén. Sy vuot troi nay la do ky thuat JC.

4. Két luan

Trong bai bao nay, cac k¥ thuat tién tién cua mang di dong 1a k¥ thuat 1ap lich déng thoi va
mang hoc sdu st dung thuat toan Q-learning da dugc xem xét dé cai thién dung luong cia ngudi
dung bién trong mdi trudng suy hao cong suat dual-slope. M hinh dual-slope dugc khuyén nghi
boi 3GPP dé mo hinh héa sy mat mét cong suat trong moi truong trong nha, trong do kénh truyen
gitta ngudi dung va tram phat c6 thé 1a kénh truyén trong tim nhin thang (LoS) hoic kénh truyén
khéng trong tdm nhin thang (nLoS). Cac két két qua phan tich déu cho thiy rang viéc sir dung k§
thuat l1ap lich dong thoi va mang hoc siu c6 kha ning nang cao dang ké higu ning cua nguoi
dung bién.
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