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TOM TAT: Hé thong khong phan chia 1 bao (CF: Cell-Free) dang
ngay cang khdng dinh wu diém vueot tri qua nhiéu nghién civu va duwoc
xem la cong nghé tiém ndang cho mang khéng day 6G. Bai bdo nay
nghién cuu hiéu sudt duong lén cua hé th(fng CF ¢6 su hé tro ciia cdc
phuong tién bay khong nguot lai (UAV: Unmanned Aerial Vehicle)
dong vai tré nhw cac tram chuyén tzep trén khong (ARS: Aerial Relay
Station). M6i ARS dirgc trang bi nhiéu ang-ten va phdn b ngau nhién
trong khu vue d@é phuc vu dong thoi nhiéu nguoi ding dwdi mat dat.
Trong giai doan hudn luyén dwong lén, cic ARS wée lwong kénh va siv
dung cac kénh nay dé tach tin hiéu nhan dwoc. Dé ndng cao hiéu suat
hé thong, bai bdo dé xudt phirong phép t6i wu héa cong sudt truyén div
liéu. Pong thoi, biéu thirc dang déng ciia toc dé dwong 1én dwoc xdy
dung diea trén ky thudt loc két hop, va phirong phdp phdn déi dwgc dp
dung dé giai quyét bai todn t6i wu. Thong qua khao sat, bai bao danh
gia thong luong nguot dung khi thay doi cdac tham s6 nhw sé lwong
nguoi dung, so lwong ARS va do dai chudi pilot. Ket quad moé phong
cho thay, théng hrong trung binh nguoi dung diroc 161 wu cao hon so
Vi trieong hop khéng toi wu.

ABSTRACT: Cell-Free (CF) wireless systems have increasingly
demonstrated their outstanding advantages and are considered a
promising technology for future 6G networks. This paper investigates
the uplink performance of a CF system supported by unmanned aerial
vehicle (UAV) acting as aerial relay station (ARS). Each ARS is
equipped with multiple antennas and is randomly deployed within a
specific area to simultaneously serve multiple ground users. During
the uplink training phase, ARS estimate the channels and subsequently
separate the received signals based on the estimated channels. To
enhance the overall system performance, a power allocation
optimization method for data transmission is proposed. Additionally,
a closed-form expression for the achievable uplink rate is derived
using the matched filtering technique, and a bisection approach is
employed to solve the optimization problem. The study evaluates the
user throughput under varying system parameters such as the number
of users, ARS, and pilot sequence length. Simulation results
demonstrate that the optimized user throughput is significantly higher
than that of the non-optimized case.

1. Giéi thi¢u vin dé nghién ciru

Trong khi viéc trién khai toan cau cac ting
dung mang thé hé thd nam (5G: 5th
Generation) hién dang dugc tién hanh, mang
thé hé tht sau (6G: 6th Generation) di thu
hat duoc sy chil y dang ké tir ca nganh cong

nghiép vién thong va gidi hoc thuat. So véi
5G, 6G s€ cung cép dai tn rong hon, tde do
truyén tai nhanh hon, hiéu qua phd tan cao
hon, dung lwong két ndi ting déu, d6 tré ngin
hon, vung phu song rong hon va kha nang
chéng nhiéu manh mé& hon dé dap tng nhiéu



yéu cau dich vu mang khac nhau. Nham dép
g cac yéu cau néu trén, nhiéu giai phap da
duoc dé xuét va nghién ctru, bao gém viéc st
dung cac may bay khong nguoi lai (UAV:
Unmanned Aerial Vehicle) hoat ddng nhu céc
tram gbc trén khong (ARS: Aerial Base
Station) va cong nghé khong phan chia té bao
(CF: Cell Free).

CF dai dién cho m6 hinh da dau vao va
da dau ra (MIMO: Multiple In, Multiple
Out) phan tan voi sé lwong 16n cac diém
truy cap (APs: Access Points) phuc vu mot
s6 lugng nho nguoi dung ddng thoi [1].
Céc AP hop tac thong qua mang front-haul
dé ghép kénh theo khong gian ciia nguoi
dung bang cach st dung chung tai nguyén
tan s thoi gian. Do d6, CF két hop céc loi
ich cia moi truong phéan tan va hé thong
MIMO 16n (mMIMO: massive MIMO)
duoc biét dén 1a mot ki thuét kha thi c6 thé
nang cao hiéu qua truyén din khong day va
cung cip pham vi phu séng cao hon [2].

Mat khac, nhiing wu diém cua ARS trong
hé thong truyén thong khong day da dugc
ching minh trong cac bao cao gan day [3][4].
Pac biét, viéc gén cac AP hoac tram géc (BS:
Base Station) trén UAV trong mot mang
khong day mang lai sy bd sung cho thiét ké
hé théng thém linh hoat, trién khai mang nang
dong, dap tmg nhanh chong cac nhu cau dich
vu da dang vé mit dia 1y, v.v. co thé tham
khao & [5] dé biét vé cac van dé tong quan.
Do d6, co thé thdy rang cac ky thuét truyén

théng

CF [10]. Trong khi d6, Cac tac gia trong [11]
str dung tram gdc di dong (MBS: Mobile Base
Station) @ hd trg hé thong CF trong viéc xay
dung mot két ndi trén khong- mat dat dong nhat
str dung uu diém dudng truyén tAm nhin thang
(LoS: Line-of-Sight) cta két ndi trén khong.
Tuy nhién, thanh phan duong truyén khong
theo tAm nhin thang (N1oS: Non-Line-of-Sight)
khong dugc xem xét. Céc tac gia da dong thoi

thong ARS va CF tr¢ thanh nhitng giai phép
quan trong trong mang 6G.

Trong vai nim qua, hé théng CF da nhan
dugc su quan tam, dac biét 1a chl trong dén
wdc tinh kénh truyén, tdi wu hoa bai toan phan
cong chudi pilot va diéu khién cong suat. Cau
trac CF, md hinh truyén va quy trinh huin
luyén kénh da dugc khao sat chi tiét & tai liéu
tham khao [6], [7]. Tuy nhién, c4c phan tich
nay tap trung vao thiét ké CF thong thudng,
khong tinh dén truong hop thuc té. Cac tac
gia & [8] da xem xét mot cau triic trong do cac
AP va nguoi dung duoc nhém lai va mdi
nguoi dung nhan dugc dich vu tor mot sb
luong han ché cua cac AP tuy thudc vao tinh
hudng thyc té.

Tai li€u tham khao [9] da thir nghi€ém kha
nang két ndi UAV dugc st dung lam tram
BS, trong tdm chinh cua cac nghién clru nay
1a t6i wu hoa quy dao va cong suit. Cac tac
gia dd phat trién mo hinh kénh giita UAV va
nguoi st dung mat dét (GU: Ground User),
trién khai UAV nhu mot AP di dong dé hd tro
GU va dé xudt mot ki thuat t6i vu hoa quy
dao tap trung vao bai toan t6i wu ham 16i xap
xi lién tiép va tdi uu hoa xen ké.

Nhu d3 dé cap O trén, mac du cong nghé
CF va ARS ¢6 nhiéu vu diém, nhung sy tich
hop nay trong mot hé théng truyén thong
khong day con gidi han trong nghién ctru. Cy
thé, nghién ctru da tién hanh trudc day chi tap
trung vao mo hinh UAV véi tu cach 1a nguoi
dung hd tro trong hé

nghién ctru cac k¥ thuat tdi wu hoa quy dao va
quan Iy nang luong trong hé thng c¢6 su hd trg
cia MBS. Mo hinh thiét ké néu trén 1a xa roi
thyc té va doi hoi tinh toan phirc tap. Xuat phat
tir nhitng han ché néu trén, ching t6i nghién
ctru truyén thong dudng 1én da ARS dya trén
h¢ thdng CF mMIMO bao gdm viéc tbi uu hoa
hé s6 diéu khién cong suat dir liéu dé cai thién



chat luong cua hé thong. Sau day 1a tom tat
nhitng dong gop chinh cua bai bao:

Chung t6i phat trién hé thong dudng 1én da
ARS dua trén ky thuat CF phu hop vai xu
huéng cong nghé¢ 6G hién tai. Qua trinh
truyén duoc thyc hién thong qua co ché song
cong phan chia theo thoi gian (TDD: Time
Division Duplex) [1], mé hinh kénh duogc
thiét ké phu hop voi tiéu chuan LTE tién tién
bat budc cua hiép hoi vién théng qudc té
(ITU:
Union) va nhom dy an dbi tac thé hé tha 3
(3GPP: Third Generation
Project) hd trg cho mé hinh kénh cua phuwong

International  Telecommunication

Partnership

tién bay trén khong [12].

Ching t6i dua ra dugc cong thuc dang
dong cho hé théng da ARS vé thong luong
duodng 1én cia mdi ngudi dung bang ky thuat
loc két hop. Ldi udc tinh kénh truyén va bai
toan t6i wu cong sudt déu da duoc xem xét
trong khdo sat cua chung toi.

Chung toi dé xuét mot thuat toan dé ti wu
hoa hé sd cong suat truyén dit liéu duong 1én
bang cach sir dung cac bai toan tbi uu tuyén
tinh. Sau d6 chat luong hé thong duoc danh gia
bang cach so sanh théng lugng trung binh ma
mdi nguoi ding dat duge khi khong t6i vu va
t6i uu hoa hé s cong suat truyeén dit liéu ciing
nhu khi thay d6i s6 luong nguoi ding, ARS va
khoang thoi gian giai doan huén luyén dudng
lén.

Phan con lai caa bai bao nay duoc cAu
trac nhu sau. Phan 2 mé ta mo hinh hé thong
va xir Iy tin hiéu. Két qua mo phong va thao
luan vé két qua nghién ciru cua chung toi
dugc trinh bay trong Phan 3. Cubi cing, Phan
4 thé hién két luan cong trinh nghién ctru cua
chung toi.

2. Co sé ly thuyét va phwong phap
nghién ciru

Nhu di thé hién trong Hinh 1, ching toi
khao sat hé thong truyén thong khong day

duong 1én da ARS hd trg cho hé thong CF.
Heé théng dé xuét duoc trién khai véi L ARS
va K nguoi dung mat dat. Mdi ARS duoc
trang bi N dng-ten. Trong khi d6 mdi nguoi
dung chi dugc cung cp mot ang-ten duy nhat
va cac ARS va nguoi dung dugc phan bd
ngiu nhién trén khip mot khu vuc rong 16n.
Ngoai ra, mdi ARS két ndi v6i mot tram géc
trén mat dat (GBS: Ground Base Station) qua
mang backhaul. Chiing toi gia sir rang tat ca
ARS déu duoc lién két v6i GBS bang mot
mang backhaul hoan hao véi dung lugng vo
han va khong 16i.

Mit khac, chung toi gia sir rang tat ca L
ARS déu phuc vu dong thoi tat ca K nguoi
dung st dung cing mot tai nguyén tan suat
thoi gian. Véan dé két ndi giita nguoi dung va
ARS duoc thuc hién béng co ché TDD [1].
Céc udc lugng kénh thu dugc dugc sir dung
dé tach tin hiéu do ngudi dung phan phdi
trong duong 1én. Trong duong lén, k¥ thuat
matched filtering, con dugc biét dén 1a xir Iy
MRC dugc gia dinh st dung tai ARS dé phat
hién tin hi¢u cia nguoi dung. Trong bai bao
ndy, ching t6i sir dung g, €™ dé minh
hoa véc to kénh truyén tir ARS / dén nguoi
dung k. M6 hinh toan hoc dugc thé hién nhu
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trong d6 h, 1 ™' 1a véc to cta pha-dinh
pham vi hep va ching t6i xem xét rang
{h},1=1...,Lk=1..K, la phan bd doc
lap va khong gidng nhau (i.i.d.) ON (0,1, )
véc to bién ngau nhién (RV). Khai niém vé
pha-dinh quy mo6 nho ddc 1ap dugc xac nhan
boi thuc té 1 ARS va nguoi dung dugc trién
khai trén mdt khu vuc rong 16n. Do do, tap
hop phan tan 16n gay bat lgi cho ARS va
nguoi sir dung. Hé thong phéan tan st dung
bang rong, va dai lugng g, va h, bi anh
hudng boi tan sd. Tuy vay, pha-dinh quy mo

PL, ¢ = max{PL30.9+

Ik

PL,, s =max{PL, ,32.4+

(43.2-7.610g, (hy5))l0g,, (dsp, ) +2010g,, (1. )}

PL, ., PL,, ¢ thé hién I suy hao duong
truyén trong khong gian ty do va LoS/NLoS
lan luot 1a suy hao ctia cac ARS vai kich ban
d6 thi. h,, 14 chidu cao ciia ARS va ching

t6i gia sir rang 22.5m < h,,  <300m . d.,
minh hoa khoang cach 3D gitta cac ARS va
nguoi dung.

2.1. Uéc lwgng kénh truyén

Trong cong trinh nghién ctru nay, hé thong
hoat dong theo ché d6 TDD [1]. Qua trinh
udc lugng kénh dugce thyc hién theo hai giai
doan. O giai doan dau tién, tit ca nguoi ding
truyén dong thoi chudi tin hiéu din duong
(pilot) ¢ €l “*I #n cac ARS. Ching t6i gia
st rang |¢§(|2 =1Vk . Thém vao do, ching toi

xac dinh 7¢ 1a chiéu dai khoang két hop (tan
s6-thoi gian mau) bang tich cua bang thong
két hop va thoi gian két hop. 7% 1a khoang
thoi gian huén luyén duong 1én (mau tin so-
thoi gian), trong d6 cin dam bao rang

<7 . Pat Jrn 4 el 7, 0<ny, <1
minh hoa cho cong suit phan bo boi the user

16n B, khong d6i vé tan s. Gia thiét rang cac
kénh truyén 1a khong ddi timg phan trong
khoang két hop tan s6 va khoang két hop thoi
gian. M&i khéi lién két tan sd-thoi gian nay
phai duoc sir dung dé huan luyén. Hé sé pha-
dinh quy mé 16n 3, & cong thirc (1) thé hién
theo suy hao dudng truyén duoc viét 1a:
PLy

By =101, 2

trong d6 PL, 1a suy hao duong truyén
don vi 1a dB va da duogc trinh bay theo [12]
cho kich ban do thi.

(22.25-0.5l0g,, (h5))log,e (s, ) +2010g,, ( f. )}(3)trong d6 f. latan sb song mang (MHz). PL',

k trong sudt giai doan huan luyén. Biéu thirc
cho tin hiéu nhan duoc tai ARS thur / 1a

K
Y/ :\/z'app Zg/k\/aﬁﬁ +w], “4)
=l

trong d6 p” 1a ti s6 tin hiéu trén nhidu (SNR)
dd chudn hoéa cia mdi symbol pilot.
W ell Y 12 ma tran tap am cOng tai ARS
1. Cac phan tir cia w’ 1a phan bd déu va doc
lap (i.i.d) ON (0,1) RVs.

Qua trinh xtr ly dir liéu pilot nhéan duge Y/
duoc thuc hién theo sau:

Vi ZQHYlp =\tp" 8,

K
+4 “p” z g1k¢H¢k' +ﬁHWy

k =k

)

Sau do, cac ARS tinh toan udc lugng kénh
truyén bang cach st dung phwong phép
MMSE. Do @6, uéc luong kénh g, 1a

-1
& =E {glkylleH } (E {y];ky}JkH }) Vi =S¥k >
(6)



NTOPP lk\/a

K b
Tappzﬂ[k' 77k' H¢(H¢k HZ + 1

k=1

trong do, ¢, [J

7 minh hoa binh phuong trung binh cua
phan tir w6c lugng kénh g, dugc xic dinh

nhu sau

Vi U E{H[élk ]n 2} =N P" B Py, (7)

trong d6 [, ] thé hién phan tir thi n cia

véc-to g, .

2.2. Truyén tin hi¢u dwong lén

Tt ca ngudi ding dong thoi gui dir liéu dén
cic ARS & dudng lén. Dt g, , E{|qk|2} =1
minh hoa cic symbol twong tng véi nguoi
dung k & tat ca cac kich ban. Cac symbol nay
doc lap v6i nhau va doc 1ap voi tat ca tap am

R =log,| 1+

N’p'n; [ij

va hé s6 kénh truyén. Trude khi truyén dita
lidu, ngudi dung & nhan trong s6 symbol ciia
nd la ¢, véi hé sd cong suat n',0<n; <1.
Tin hiéu nhin dugc tai ARS / dugc thé hién
nhu sau:

K
=P' Y g g + W, (8)
k=1

Pé xac dinh dugc symbol ¢, dugc
gui tr nguoi dung thir £, ARS thtr / thye hién
nhan tin hiéu nhan dugc y, véi udce lugng
kénh g, . Sau d6 dai lugng thu dugc g,y!

dugc truyén t6i GBS thong qua két ndi
backhaul. Theo d6, GBS c¢6 thé thu duoc udc
luong kénh truyén:

SY[El[w] ©

I=1 n=1

szuz nk

K #k

GBS thuc hién tach tin hi¢u nhan dugc g, tu
' & (9). Chung toi gia dinh rang GBS chi st

dung thong tin trang thai vé kénh cho muyc

K
n=D,q+B, g+ L.-q.+0, (10)

K #k

L N *
trong d6 D, [J p”?],':E{ZZ[g/J [2] }

/=1 n=1

oSl 0%

n=1
D, B, val, 1an luot thé hién tin hiéu mong
mudn, d6 loi bup song khong xac dinh va nhiéu
gay ra boi nguoi dung khac. Ching toi xem xét
tong cac thanh phan dudi miu & cong thirc (10)
nhu anh hudng tap am va sir dung hé sd tap &m
Gaussian voi truong hop xau nhat [13]. Toc do

77 ﬂ K L L '
¢ “ - +Npuzn:'z}/lkﬂlk'+NZ}/lk
ﬂlk k=1 I=1 I=1

(12)

dich tach tin hiéu. Ap dung phuong phép
tuong tu trong [1]. Pau tién, tin hiéu nhan

dugc 1 dugc phan tich:

p'n, ii[gu{ I [glk]n -D

I=1 n=l1

ZN:[g/k }: I:W? ]n ;

dat duoc cuia nguoi dung & dugce tinh toan nhu
sau:

[o.[f

m e e v |

R} =log,| 14

an



Theo k¥ thuat twong tu nhu trong [1], chiing
t6i c6 thé thu dugc phuong trinh kha thi dang
dong ctia dudng 1én (11) trinh bay chi tiét ¢
cong thirc (12) ¢ dau trang nay.
2.3. Téi wu cong suit dit ligu dwong lén

Trong phan nay trinh bay cach hé théng CF
Multi-ARS c6 thé cung cép dich vu chét lugng
cao nhit cho tit ca ngudi ding va khong phan
biét vi tri dia Iy thong qua viéc sir dung cong suat
truyén dit liéu duong 1én dugc t6i wu hoa. Cu
thé, trong dudng 1én, bai toan ciia phuong phap
t6i wu hda cong suét trinh bay nhu sau:
max min R/

at k=LK (13)

0<np/ <lk=1.. K,

trong d6 R, dugc dua ra bdi cong thire (12).

Bai toan (13) c6 thé viét lai la

max ¢
gt

t<R' k=1..K (14)
0<np' <L k=1...K
Ménh dé 2: Bai toan tdi uu (14) 1a gan nhu
tuyén tinh.
Chimg minh: Twr cong thuc (13) voi ¢ da cho
c6 thé thay rang tt ca cac bat binh dang lién
quan dén (14) 14 tuyén tinh va vi vy bai toan
(14) 14 gan nhu tuyén tinh. Két qua 13, bang
viéc sir dung phuwong phép Bisection dé giai
quyét bai toan tuyén tinh theo tai liéu [21],
bai toan (14) co thé giai quyét hiéu qua. Cu
thé, thuat toan 1 trinh bay s& giai quyét biéu
thirc (14). Cu thé quy trinh giai thuat nhu sau:
Thuat toan 1: Thuat toan phan doi
(Bisection) giai quyét bai toan tbi uu 16i
(14)
1: Khéi tao: Lya chon gia tri dau tién cua
fmin VA fmax dinh nghia la khoang gié tri cia

ham muyc tiéu & (14) . Dat gidi tri sai s6 cho

phép €>0
2: While ¢, -7, <¢ thuc hién
ti=(t, )/ 2

Néu Bai toan (14) 12 kha thi. Sau d6 cai
dat s, =t
Két thuc

=t néu khong ¢

min

* t _+t
Détt (_ maxz min

3:End
4: Return t*

Do phirc tap tinh toan: DY chinh xac cua
thudt toan chia d6i phu thugc vao mirc do sai
sO &, trong d6 dung sai cang nho thi do chinh
XAc cang cao, nhung dong thoi ciing 1am ting
d6 phic tap tinh toan do can nhiéu vong lap
hon. S6 vong lap can thiét dé dat duoc
nghiém trong pham vi sai s & duogc xac dinh

X . t -t .
nham dam bao hdi tu n > log, (maxm"tj
&

va do chinh xac cua nghiém ti wu.
3. Két qua va thio luan

Chung t6i thir nghiém anh huong cia sb
luong ngudi dung (K), s6 lugng ARS (L) va
thoi gian huan luyén pilot (%) dén thong
luong ngudi ding & ca hai truong hop ti uu
va khong t6i uu cong suit truyén dir liéu
duong 1én.

Céc tham s6 da liét ké trong Bang 2 duoc
su dung cho tat ca cac kich ban thi nghiém.
Tat ca ARS va ngudi dung dugc phan bd
ngau nhién trong mot ving rdng lém cé kich
thu6c DxD km® . Cac dai luong p°,p"
trong bang tham s6 nay lan luot 1a gia tri
trung binh cong suat phéat ciia cac symbol
pilot va dir liéu duong 1én. Ching t6i phan
tich thong lugng duodng 1én trén nguodi dung
theo cong thtrc sau:

T" = Bﬂ R', (15)
2
Bang cic tham s6 mé phéong
Tham s6 Gia tri
Tan s6 song mang 1.9 GHz
Bang thong 20 MHz



R £ 200
Bang thong ket hop KHz
Do cao ARS 22.5m —
’ 300m

Cong suat phat ( p°, p") 100, 100
’ mW

Khodng thi gian két hop (7¢) 200 mau

Dién tich 1 Km?

Chua y rang trong md hinh dé suat cia
chung t6i, thong lugng trung binh duong 1én
cua nguoi dung dugc tinh theo cac vi tri khac
nhau ciia nguoi ding va ARS. 200 lan thyuc
hién ngau nhién ARS va vi tri ctia nguoi dung
cho ra két qua mo phong. Trudng hop khong
t6i uru cong suat, tit ca ngudi dung truyén véi
murc cong sudt toi da, tire 1a n. =1 k=1,.,K
Trong khi d6 truong hop t6i wu cong suat
truyén dit liéu duong 1én, thong lugng mang
duong lén dugc dua ra bﬁng viéc su dung hé
sO cong suat dugc tinh toan ¢ Phan 2.3.

C6 thé thay rang tat ca cac hinh minh hoa
thong lugng trung binh ctia trudng hop tdi vu
cong sudt cao hon so véi truong hop khong
toi wu ¢ md hinh CF Multi-ARS. Cu thé, Hinh
2 chi ra rang thong luong trung binh giam khi
s6 ngudi dung tang 1én. Nguyén nhan dan dén
diéu nay 1a khi s6 luong ngudi ding ting 1én,
nhiu lién nguoi dung dong thoi s& ting.
Chinh vi vy lam giam hi¢u qué giai ma tin
hiéu.

Hinh 2. Théng lwgng dwong lén trung
binh so véi s6 lwong nguoi diung twong
dwong C6/Khéng tdi wu cong suit

Mit khéc khi s6 nguoi ding cao yéu cau ude
luong kénh truyén ting diéu nay anh hudng
dén khung thoi gian danh cho truyén dir liéu.
Nguoc lai, Hinh 3 thé hién thong lugng nguoi
dung cai thién khi s6 lugng ARS ting. Béi vi
cang nhiéu ARS phuc vu ting d6 loi cho qua
trinh truyén song tai 1 thoi diém dong thoi
cang nhiéu dit liéu duge thu vé.

Trong ca hinh 2 va hinh 3 chung t61 khdo sat
thong luong cua nguoi dung duong lén voi
% =5 va 7% =10 . Ching ta c6 thé thay rang
voi truong hop 7% =10 c¢6 gia tri thong luong
trung binh t6t hon. Nguyén nhén ciia diéu nay 1a
v6i 7% =10 ¢ nhiéu khoang thoi gian danh
cho udc lugng kénh truyén hon do d6 pham chat
udc luong kénh truyén t6t hon dong thoi nhidu
chudi pilot s& giam xudng.

Hinh 4 mo ta anh huong cua chiéu dai chudi
pilot (7%) 1én thong lugng trung binh cia hé
thong. Néu gia tri z° nho khoang thoi gian
danh cho truyén dit liéu nhiéu hon trong toan
b6 khong thoi gian két hop trong khi d6 chat
luong kénh truyén s& bi giam xudng do viéc
tang van dé nhidu chudi pilot. Khi ting gia tri

7 thi théng lugng sé& ting dén mot gid tri cu
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Hinh 3. Thong lwgng dwong 1én trung
binh so véi s lwgng ARS twong dwong
C6/Khong t6i wu cong suit

Diéu nay ¢6 thé giai thich boi thuc té rang vai s6
luong ARS va ngudi ding ¢b dinh thi tang chiéu
dai chudi pilot dé khoang thoi gian uéng luong
kénh duoc mé rong. Vi vdy, chat luong wdc



lugng kénh truyén s& tot hon va nhidu két hop s&
giam. Tuy nhién véi gia tri 16n hon 7% = 25Gng
voi trudng hop toi wu va 7% = 35d6i véi truong
hop khong t6i wu thi viée gia tang c6 xu hudng
bao hoa vi s6 luong ky tu phan bo cho truyén dir
liéu dudng 1én bi giam. Néu chung ta tiép tuc
tang chiéu dai chudi pilot trong dwong véi viée
thong luong trung binh s€ giam.

Hon thé nira, chiing toi phan tich chat luong
ctia hé thong khi s6 lugng ARS thay d6i L=10
va L=13. C6 thé thdy L=13 cho thong lugng
t6t hon L=10 boi vi voi s6 luong ARS 16n c6
thé nang cao dugc kha nang phu song va chat
lwong nguoi dung s& duoc cai thién tt hon.
Hinh 5 minh hoa ham phan phéi tich liy
(CDF: Cumulative Distribution Function)
ctia thong luong nguoi ding thap nhat. Két
qué cho thay rang viéc t6i wu cong suat giup
cai thién dang ké thong lugng ngudi ding. Cu
thé, tai ngudng CDF = 0.1 (twong ung voi
90% xac suat thong lugng dat dugc), khi sb
lugng ARS phuc vu 1a L=10, ngudi dung dat
duoc thong luong 7 Mbit/s trong truong hop
6 t6i wu cong suat, so véi chi 1 Mbit/s khi
khong ap dung t6i wu. Bén canh do, khi s6
lugng ARS phuc vu tang, thong lugng nguoi
dung ciing dugc nang cao tuong tng.
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Hinh 4.Thong lwgng dwong 1én trung
binh so véi chiéu dai chudi pilot khac
nhau - C6/Khéng tbi wu.

Khong to1 wu cong suat | |

Ton wu cong suat

14 16 18 20
Théng hrgng nhé nhat trén méi ngwdi ditng (Mbits/s)

Hinh 5. CDF cia thong lwgng nguwoi
dung, twong duwong v6i trwong hop
C6/Khong tbi wu.

4. Két Luin

Bai bao nay di nghién ciru hé théng CF
nhiéu ARS duong 1én dugc trang bi nhiéu dng
ten va dugc dit ngau nhién xung quanh khu
vuc nhit dinh dé phuc vu sb luong nguoi
diung mat dat. Sau khi xac dinh biéu thic
dang dong theo thong lugng duong 1én cua
tung nguoi dung, ching t61 da stir dung thuat
toan t6i uu hoa cho hé sb kiém soat cong suat
dir liéu nham cai thién thong luong dudng
1én. Két qua cho thay hiéu ning cta hé thong
¢6 t6i wu hé sé diéu khién cong suat dir liéu
duoc cai thién va cao hon so vdi hé théng
khong c6 t6i uu trong tat ca cc kich ban dugc
xem xét. Chung toi cling xem xét tac dong
ctia s6 lwong ngudi ding, ARS va thoi gian
huan luyén d6i voi chat luong hé théng. Tuy
nhién, chung t6i chi danh gia duong 1€n, hiéu
sudt duong xudng va diéu khién cong suit
trong huan luyén duong 1én nén duogc danh
gia cho cac nghién curu trong tuong lai.
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