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T6m tat- Mt phan xa théng minh (IRS) la mot cong
ngh¢ méi, mang tinh cach mang va c6 thé cai thién dang
ké hi¢u nang cua mang truyén thong khong day thé he moi
bang cach diéu khlen pha hoac bién do cua tin hiéu trong
mai trudng vo tuyén thong gua cac phan tr phan xa thy
dong. Trong bai bao nay, ching toi dé xuat mo hinh
chuyen tiép gai tin ngin qua mat phan xa théng minh. T|ep
dén, chung t0i so sanh d¢ loi phan tap cua h¢ thong truyén
tin nay véi h¢ thong truyen tin qua nat chuyén tiép co ban
trong truyén théng gm tin ngan Trong do, nut chuyén tlep
st dung ky thuat giai ma va chuyen tiép ¢ dinh (FDF) dé
truyen dir ligu. D¢ phan tich chat luong mang cua hai h¢
thong nay, dau tién ching t6i dua ra cac bicu thirc dang
chinh x&c va xap xi cua ti 1¢ 15i khéi (BLER) qua kénh
truyén fading Rayleigh. Tiép dén dya vao ti ¢ 16i khoi
BLER chung t0i ciing rit ra dugc d¢ loi phan tap cua ca
hai hé thong Qua do, két qua cho thdy hiéu niang cua hé
thdng truyén tin c6 su hd tro cua mat phan xa thdng minh
IRS vuot troi hon hé thdng truyén tin co ban qua nat
chuyén tiép FDF. Cudi cung, chlng t6i ching minh cac
két qua trong phan tich ly thuyét hoan toan trung khép véi
két qua mé phong bang phuong phap mé phong Monte-
Carlo.

Tir khéa- M3t phan xa thong minh, fading Rayleigh,
giai ma va chuyeén tiep, ti I¢ 16i khoi, truyén thong goi tin
ngan.

I.  GIOITHIEU

H¢ thdng truyén thong di dong thé hé méi trong twong
lai (5G) sé tang cuong nhiéu dich vu quan trong, bao gom
giao tiép ki€u may (mMTC) bang thong rong di dong
ning cao (eMBB) va giao ti€p cuc ky dang tin cay va do
tré cyc thap (uRLLC) [1-4]. Dua trén tiéu chuan cong ngh¢
IMT-2020/5G cua lién minh Vién thong qudc té (ITU-R),
mang 5G s€ dap ung nhimng yéu cau nghiém ngat nhu ti 1¢
dir liéu cao nhat 10- 20Gbps mat do két ndi 10° thiét
bi/km?, xac suét lo1 dudi 10°va do tré dusi Ims [2, 4].
Trong nhiing yéu cau nay, hién nay yéu cau hé thong vé

Tac gia lién hé: Nguyén Thi Yén Linh,

Email: yenlinh@ptithcm.edu.vn

DPén toa soan: 22/9/2021, chinh stra: 10/12/2021, chép nhén dang:
17/12/2021.

SO 04 (CS.01) 2021

do tre va do tin cay (uRLLC) duge quan tam nhét. Do vay,
tmyen thong goi tin ngén ra doi dap ung hoan toan yéu
cau vé uRLLC trong hé thong mang 5G va ca cac hé thong
mang thé hé twong lai tiép theo vi du nhu 5.5G va 6G [5].

Cho dén nay, mang 5G da duoc tich hgp nhiéu k¥ thuat
tién tién dé nang cao do tin cay cling nhu hiéu nang hé
thdng mang vi du nhu: da truy nhap khong tryc giao
(NOMA), k¥ thuat chuyén tiép, cong ngh¢ vo tuyén nhan
thae (CR). Trong do, mang chuyén tlep dugc xem la ky
thuét hiéu qua d&é mo rong vung phu séng va nang cao hiéu
ning ctia mang [6, 7]. Y tuéng chinh ctia mang chuyen
tiép 1a cai thién hi¢u nang truyen tai dir liéu hi¢u qua bang
cach sir dung cac nut chuyén tlep trung gian dé hd tro
tmyen dir liéu tu nguon dén dich. V& co ban, nat trung gian
sir dung hai k¥ thuat dé xur Iy va chuyen tlep tin hiéu dén
dich, d6 la ky thuat khuech dai va chuyén tiép (AF) [8, 9]
va giai ma va chuyén tiép (DF) [10, 11].

Gan day, cac nha khoa hoc da bét dau quan tam dén viée
tng dung mang chuyen t1ep vao truyén thong gbi tin ngan
nham dap ung yéu cau vé dg tin cdy cyuc cao trong mang
5G. Cu thé, céc tac gia trong bai bao [12] da chimg minh
su vuot troi vé hiu nang va do tré  giam cua hé thong mang
hai chiéu khuech dai va chuyén tlep AF trong truyén thong
g6i tin ngén, hay & bai bao [13] cac tac gia nghién cau ky
thudt lya chon nut chuyen tiép tung phan trong mang
chuyén tiép hai ching DF va bai bao cho thay dugce su cai
thién hi¢u nang hé thong thong qua truyén g0i tin ngan
Tuong ty, tac gid trong bai bao [14] cling cho thay su giam
han cua ti 1& 16i khdi va do tré trong mang chuyen tlep hai
ching DF thu thdp nang lugng thong qua truyén goi tin
ngan.

Maic du, mang chuyén tiép c6 nhidu cai tién vé hiéu ning
cling nhu hi¢u qua pho nhung trong qua trinh thyc thi hé
thdng kha phirc tap va nang luong tiéu thu ctiia ngudn phat
qua 16n. Chinh vi vay, hién nay mdt phan xa thong minh
(IRS) 1a mot trong nhing gidi phéap toi uu dé giam thiéu
tieu thu di¢én nang truyen dan dong thoi tang hi€u qua st
dung phd trong qua trinh thlet ké hé théng mang [15]. IRS
12 mot mang bao gom mot s6 lugng 16n cac phan tir phan
xa chi phi thip, co kha ning phan xa cac tin hiéu toi bang
cach diéu chinh sy dich chuyen pha [16]. Vé co ban, mat
phan xa thong minh IRS c6 chirc nang tuong ty nit chuyén
tiép trong mang chuyen tiép, do 1a hd trg truyen tai dir lieu
tir ngudn dén dich bang cach didu khién IRS dé phat tia tin
hiéu nhan duoc tir nguon dén dich.
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Hon nita, mot s6 nghién ctru gan day cho thay truyén
dan thong tin qua mét phan xa thong minh IRS vuot trdi
hon han vé& hi¢u nang hé thong [17, 18] va giam hon cong
suét phat cia nguon phat so voi truyén dan thong tin qua
nut chuyén tiép [15]. Tuy nhién, cac nghién ctru nay chu
yéu tap trung so sanh gitra truyen thong tin goi tin dai qua
mat phan xa IRS va qua nat chuyén tiép. Theo sy hiéu biét
ctia chdng téi, hién nay chua c6 cong trinh nghién ctiru nao
quan tdm dén truyén dan thong tin gbi tin ngan qua mat
phan xa thong minh IRS, cling nhu so sanh hiéu nang gitta
hai mé hinh truyén dan nay. Do vy, nham dap tng yéu
cdu uRLLC trong mang thé hé méi tuong lai bai bao dé
xuit mo hinh truyén dan thong tin goi ngan qua mit IRS
va qua niit gia ma va chuyén tiép ¢ dinh (FDF). Tiép dén,
dé so sanh hiéu nang cua hai mo hinh nay ching toi dua
ra cac biéu thirc dang chinh xac va xép xi ciia ti 1¢ 161 kh6i
(BLER) thong qua kénh fading Rayleigh. Cubi cing, md
phong Monte-Carlo dugc thyuc hién dé kiém chimg cac két
qua ly thuyét ciia hai mo hinh hé théng ma chung toi dé
xuat.

Phan con lai ciia bai bao duoc trinh bay nhu sau. Phan
11 s€ trinh bay mo hinh ctia hé thong mang chuyén tiép qua
mat IRS va mo hinh chuyen tiep FDF hai chang. Phuong
phap phan tich theo hai mé hinh dé xuat qua ti 18 151 khi
v6i ca hai dang chinh xac va xép xi s& duge chung minh
trong Phan III. Phan IV, ching t6i sé tién hanh mé phong
Monte-Carlo dé kiém ching lai cac két qua 1y thuyét trong
Phén III. Cudi cung 14 phan két luan cua bai bao.

. MO HINH HE THONG
Trong ph:ém nay, chung téi’trinh bay hai mé hinh hé
thong bao gom mo hinh dé xuat sir dung IRS va mé hinh

truyén théng qua FDF.

A. CHUYEN TIEP QUA IRS

V4t can g
Pich ()
Ngui‘)n(: )
mrrm 1 Mb hinh truy@n géi tin ngin qua mit phan xa thong

Mo hinh hé thong truyen goi tin ngin qua IRS dugc md
ta qua Hinh 1. Hé thong bao gdm mot tram BS (Base

Station), dong vai tro ngudn phéat song (S ) , ngudn nhén
(D) va mot IRS bao gdm N tAm mit phan xa thu dong

(MS). Trong do, nguon S va dich D duogc trang bi mot ang
ten. Gia su rang khong co ducmg truyén truc tiép gitta
ngudn va dich do vét can tir méi truong. Hon nita, ching
t0i xét IRS hoat dong nhu mét b phan xa thong minh. Tire
la IRS ¢6 thé phdi hop, trao d6i thong tin trang thai kénh
tir ngudn va dich thong qua lién két khong day, tir d6 co

SO 04 (CS.01) 2021

thé diéu chinh pha cua tat ca phan tir phan xa sao cho ti sO
tin hiéu trén nhidu nhén tai dich dat 16n nhét [16]. Mat
khac, do suy hao tin hi¢u dang ké nén chung t6i chi xét tin
hiéu phan xa trén IRS mot lan va bo qua tin hiéu phan xa
hai lan tr¢ 1én [19]. Gia st rang kénh truyen giita ngudn
va dich 14 kénh Rayleigh fading ban tinh phang.

Tin hiéu nhan tai dich D duoc biéu dién nhu sau:
N
:\/E|:Zhrigi:|xo+nov ()
i=1

v6i P 1a cong suét phat ciia nguén S, X 1a tin higu can
truyén dén dich D, Ny 1a nhiéu Gauss trang cong
(AWGN) véi trung binh 0 va phuong sai No . Hon nira,
I 12 hé s6 phan xa dugc tao ra boi yéu t6 phan xa thi i

trong IRS (i=12,...,N) [17].
r=|r|e", )

v6i bién do phan xa |ri | =1 cho @6 dich pha ly tuéng va
& 1a do dich chuyén pha cua yéu t6 phan xa thiri trong
IRS. Ké tiép, h, Va g, 1a hé sb kénh truyén tir nguon S
dén yéu t6 phan xa thir i trong IRS va tir yéu to phan xa
thir i ¢én dich D , tuong tng.

h =d,"?a,e%, ?3)

g =d,""Be ", @

. voi
a,,.BVa 0,0 lan lugt 1a bién d6 va do dich pha cta hé
s6 kénh h va g, ; 0, va d, lan lugt 1a khoing cich tir
nguén S dén IRS va tir IRS dén dich D tuong tmg; V 1a
h¢ s6 suy hao duong truyen M hinh suy hao duong

truyen trong hé théng glao tlep nay, chung toi xét truorng

gan, tirc khoang cach giita nguon hodc dich dén chinh gitra
2

IRS nho hon

, v6i D kich thudce cuc dai ctia IRS va
A labudce song cua tin hidu truyén [20].

Tir (1), ti s6 tin hiéu trén nhidu (SNR) tirc thoi thu dugce
tai dich D duoc xac dinh nhu sau

2

P iaiﬂiei(t/&ﬂ%*%)
i-1

o =TGN, -

Dé SNR trong (5) dat gi tri 16n nhét, IRS chon goc dich
chuyén pha 4 = g + ¢ [20]. Hon nita, dat A = i% ,
(5) c6 thé viét lai nhu sau S

7o =A%, ©)

véi 7 = Ni 12 SNR trung binh.
0

Nhu da duoc chimg minh trong [17, Dinh 1y 1], v6i ¢
vd g 1a nhitng bién ngdu nhién doc lap, theo phan bd
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4-1

4 )
theo theo dinh 1y gidi han trung tim A tuén theo phan bo
Gauss khi N du 16n [21]. Nén tir (6), ham mat d¢ xac suat
(PDF) va ham phan phbi tich lily (CDF) cia  c6 dang
nhu sau [17]

Rayleigh cé trung binh g va phuong sai nén

f,(r)=

L [“]exp( J_yj ™

2bé”1r(a+1)77+
va
Y[a+1,l\EJ
£ ) e
7 I(a+1) @®
1y
”_’1 F(a+1,b\gj
T r(a+y)

véi (i) 1a phép rat gon st dung [22, CT(8356.3)]; ham
gamma khéng hoan chinh can trén dugc dinh nghia nhu
sau [22, CT(8.310.1)]

[(a, x):Te‘tt“‘ldt. 9)
va
_k 10
a= . 1 (10)
k,
=2 11
b K’ (11)
Nz | 1
k1 = T m. (12)
N 7’
k,=——|1-—|.
s d;d;( 16} (13

Chitng minh: cong thirc (12) va (13) nhur trong phan
phu luc.

B. CHUYEN TIEP QUA NUT CHUYEN TIEP

@ O " @
Hinh 2. M6 hinh truyén géi tin ngin qua nat chuyén tiép
FDF.

Mo hinh hé théng truyén tin qua niit chuyén tiép FDF
dugc mo ta qua Hinh 2. O mé hinh nay, ching toi xét
tuong ty nhu md hinh hé thong truyén tin qua IRS vé gia
dinh va c4u triic ciia m6 hinh bang cach thay IRS bang nut

chuyen tiép (R ) Tuy nhién, qu4 trinh truyén tin tir nat

nguon va nut dich dugce thyc hién trong hai khe thoi gian
lién tiép thong qua sy trg gitip cia nat chuyén tiép. Trong
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khe thoi gian d4u tién, nat nguon s& truyen tin hi¢u téi nat
chuyén tlep va nit chuyén tlep chuyen tlep tin hi¢u nhan
dugc dén dich bang ky thuét giai ma chuyen tiép c6 dinh
FDF. Nhu di dugc dan ra trong [23], ti so tin hi¢u trén
nhiu (SNR) toan trinh cta hé thong nhu sau:

7DF:min(7/SRI7RD)v (14)

VOi . VA, la 1a ti s6 tin higu trén nhiu SNR tir
S >R va R — D, twong Gng.

Gia dinh cac cac kénh truyéntr S >R va R —»D
la cac kénh truyen fading Raylelgh doc 1ap va c6 phan bd
gidng nhau (i.i.d.), ticc hé sb kénh ctia cac kénh tluyen nay
dugce xem nhu la cac bién ngau nhién doc lap va cd phan
bd giéng nhau. Cung theo [23], ham phan phéi tich liiy

CDF ciia 5__ 0 thé dugc dua ra nhu sau
|:7DF (7/)2 Pr(yDF S)/)
15
-vegl-( L2 9
Vv Vro
V6l 7., VA 7, 1a ty 1é tin hi¢u trén nhiéu trung binh

lan lugt ciia ching S >R va R —»D.

. DANH GIA HIEU NANG HE THONG

Trong phan nay, chung t0i sir dung thong s6 i 18 16i khoi
dé danh gia hi¢u ndng cua h¢ thdng truyén tin qua IRS va
nut chuyén tiép FDF.

A. Ti LE LOI KHOI DANG CHINH XAC
Chiing toi gia sir ring nguon S truyén £ bit thong tin
dén dichD trén k kénh st dung (chiéu dai khi tin) trong

mot chu ky truyen qua kénh fading ban tinh [24]. Toc do
ma héa ciia mdi chu ky truyén dugc xéac dinh 1a

R -2, (16)

Nhu da duoc nghién ctru trong truyén thong goi tin ngén
[25] chiéu dai kh01 tin yéu cau ¢ muc tdi thleu k =100
va tbc 40 ma hoa tdi da twong ing duoc x4p xi nhu sau

R zC(yx)—\]; (7<) 1kQ* (&), a7
Vi & 1a ti 16 13i khéi BLER tic thoi & chang thir X |
C(7x )0 log,(1+7y) 1a dung lwgng kénh Shannon,
V (7 ) {1—%}0092 e)’ 1a d6 phan tan kénh
(l+ 7><)

truyén [5] va Q’l(.) Ia nguoc cua ham Q-function vai

0 2
:\/%J'exp[—%Jdt [26].

Tur (17) ti 18 16 khdi trung binh BLER & mdi chiang ¢6
thé dugc xap xi nhu trong [27, CT(59)] va [28, CT(4)] nhu
sau
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(18)

,N (;/X)/k

véi E{.} la toan to ky vong.

&y zny Q£—C(7X)_R J )

Tir (18), i 16 18i khdi trung binh BLER c6 thé dugc viét
lai nhu sau

f (r)dr. @9

z}[ )/x)/k

véi f, () laham mat do phan phdi cua Jy .

Dé tinh tich phén trong (19) don gian hon, ching t6i st
dung xap xi ciia ham ham Q(.) trong [25, CT(14)], cu thé

C(y)-R
la Q| === |0 ¥(x). vsi
(7/X)/k X
L Ix S P
lP(J/X): 0.5—Vx/E(}/—9), PL<Vx <Pu
0, 7x Z P
(20)
VGi v—;, 0=2"-1, Py =t9+L va
27227 1 2k
1
P _ZVW.

Béng cach thay (20) vao (19) va thyc hién phép lay tich
phén tirng phan, ti 1€ 10i khoi trung binh BLER thu dugc
nhu sau

(21)

Py
&y =V\ﬁj F. (}/)d}/
L
1) CHUYEN TIEP QUA IRS

Thay (8) vao (21), ti 1¢ 15i khdi toan trinh cia hé théng
chuyén tiép qua IRS thu dugc nhu sau

w2 =wk [, (/)97

\/E( pL

" s ﬁ(A(ﬁ)—A(H)):‘,

(22)

véi (i) 1a phép ldy tich phan theo », ham A(y)duoc

dat nhu sau
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1 a+2 =7
A(J’)ZE yzf[awl—]— etV

2

(a+2) (23)

{bﬁ] r[m ||

2) CHUYEN TIEP QUA NUT CHUYEN TIEP

Thay (15) vao (21) , ti 1¢ 16i kh01 toan trinh ctia h¢ thong
chuyén tiép qua nut chuyén tiép thu duoc nhu sau

FDF _ V\/_ [_?7SR-77ED j
e {( ) Vsp t7ro

o

B. Ti LE LOI KHOI DANG XAP Xi

(24)

Tlep theo, chung toi s€ trinh bay dang xap xi ctia ti 18 16i
khéi dé c6 danh gia khach quan hon v hi¢u nang cta h¢
thong khi chuyén tiép qua IRS va qua nit chuyen tiép O
mitc SNR trung binh 7 cao. Dang xap xi nay dugc xem

nhu la m§t dudng gidi han trén cho céc gia tri cua ti 1€ 101
khéi khi cang taing SNR trung binh tién ra vo cung. Didu
nay c6 nghia 14 ti 1¢ 156i khoi toan trinh ctia hé thong luén
dat gia tri nho hon hodc bing gia tri duong gidi han trén
cho du c6 tang SNR trung binh thé nao di chang nita. Mat
khac, day ciing 1a diéu ma ta mong mudn vi ti 18 16i khoi
cang nho thi hiéu nang hé théng cang duoc cai thién.

1) CHUYEN TIEP QUA IRS

Ap dung cong thie [22, CT(8354.1)], (8) duoc viét lai
nhu sau

o sOBE

7 a+l ) o mi(a+l+m)

(25)
véi M 1a s6 béc khai trién.
Thay (25) vao (21), dang xap xi ti 18 161 khéi toan trinh
ctia hé thong chuyén tiép qua IRS c6 thé tinh dugc nhu sau

ZRs V\/E i (_1)m

Eeze I'(a+1) & m!(a+1+m)(a+2+m)

a+2+m a+2+m
ST =T o
b\ 7 b\ 7 '

(26)

Ngoai ra, khi SNR trung binh 7 — o d¢ lgi phén tap
cia h¢ théng trong treong hop chuyén tiép qua IRS dugc
tinh nhu sau [17, Ly thuyét 5]

|Og IRS
DR — _ lim 2 feze 27)
7—w |Og7/
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Bing cach dat

vk (-1)"

I'(a+1) mi(a+l+m)(a+2+m)

(o) (i) @

Thay thé (28) va (29) vao (26), do loi D' thu dugc nhur
sau

(28)

1:

Iog( izljﬂog( izzj

DIRS —_ “m m=0 - m=0
70 |og(}/)
© _a+2+m
Iog( Yy o? J
m=0
+ —
log(7)
© _a+2+m
Iog{ Yy 2 j
= —lim— "
70 lo (7)
(30)
Bang céch tinh téng nhu sau
_a+l
© a+2+m 77 5
>y — (31)
m=0 772 _1
Thay (31) vao (30) va ta viét lai (30) nhu sau
_add 1
Iog[;? 2 j Iog(?zj
DIRS — —!lm -
7= log(7)  log(7)logl 32)
a+l
2

Thay thé (12) va (13) vao (10), giatri @ trong (32) c6 gia
tri nhu sau
_ N7z?
16-7?

Tu (33) va (32) ta d& dang thay rang @ phu thudc vao sd
yéu t6 phan xa N , tirc khi tang gia tri N thi @ ciing tang.
Trong IRS, gia tri N luon 16n hon 1 (N >1) nén gia tri
a>2. Do d6, do lgi phan tap ciia hé thong chuyén tiép
quaIRS D™ >1 .

2) CHUYEN TIEP QUA NUT CHUYEN TIEP

Ap dung cong thuc xap xi 1-exp(—-x)J x khi x —0

cho (24), dang Xap xi ti 1¢ 16i khol toan trinh cua hé thong
chuyén tiép qua nat chuyén tiép thu duoc nhu sau

_ WK (7 +
e S e ).

1. (33)

2 Vsr-VrD
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Tuong tu (27), d0 loi phan tép cia h¢ théng chuyén tiép
qua nut chuyén tiép thu dugc nhu sau

FDF
DFYF — _ i —2 feze log &5, _ (35)
7w |og}/

Thay (24) vao (35) va thyc hién mot sb phép bién ddi
rat gon, ta dugc do loi nhu sau

-y LA

> log(7)

log(7) log(7)

Iog( (h2+g / )j
h2 2 r —1
. \hg; , log7 J

(36)

Tir (36) va (32) chig to ring D" > D™F | hay n6i khac
hon truyen dan thong tin qua IRS dat do phan tap cao hon
chuyen tiep qua FDF, tirc h¢ thong dat do tin cdy cao hon
hé théng chuyén tiép qua nat chuyén tlep FDF. Hon nira,
cang tang N thi hiéu nang cua hé théng chuyén t1ep qua
IRS cang cai thién do d6 loi phan tap tang ti 1€ theo so yeu
t6 phanxa N .

IV. KET QUA MO PHONG VA THAO LUAN

Trong phan nay, ching toi st _dung phuong phdp mo
phong Monte-Carlo trén phan meém Matlab cho m6 hinh
dé xuat dé kiém chimg lai cac két qua 1y thuyét da dugc
trinh bay ¢ Phan 111 [29]. Pic bi¢t, chiing t6i s& thdo lugn
Ve cac dac diém hiéu ndng hé thong ciing nhu cac thong
) thlet ké hé thdng t6i uu cho mo hinh ma ching toi dé
Xuét.

Céc thdng s duoc chung toi st dung dé thuc hién mo
phong nhu sb bit thong tin 1a g =256 bit va chiéu dai
khdi k =200. Dé viéc tinh toan don gian chang toi gia
dinh rang tong khoang cach truyén dwoc chuan hoéa vai
D=1. Véi gia dinh phan bé vi tri dat tim IRS va nit
chuyén tiép & ngay chinh gitta nGt nguon va nat dich,
khoang cach duong truyén tr S —IRS va IRS —»D la

d=d,=

nut chuyen tiép FDF, d, Va d,
duong truyén tt S—R vaR —D . Hon nira, dé S0
sanh cong bang chung toi gia su ring téng cong suit
truyén ctia ca hai mé hinh chuyen tiép qua IRS va qua FDF
la nhu nhau va xem xét mé hinh suy hao dwong truyén don
gian vé6i hé sé suy hao duong truyén 1a 2 [30]. Mat khac,

D
=—. Tuong tu cho trudng hop chuyén tiép qua

lan lugt khoang cach

o P s p
ching téigoi 7 = N 14 SNR trung binh ciia nguon phan
0
bd ning lugng voi P 1a téng nang lugng dugc phan bd.
Do N, 12 hing s nén ta co thé hiéu rang khi ting SNR

cling c6 nghia 1a ting cong suit phat ciia ngudn cung cép
nang lugng.
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Dau tién, chiing t6i so sanh ti 1¢ 16i khoi BLER toan trinh
trong hai truong hop chuyen tiép goi tin ngan qua IRS va
qua nut chuyén tiép c¢b dinh FDF . Ti 1é 15i kho1 BLER Ia
mot ham cua SNR trung binh 7 véi gia su ¢b dinh s6 yéu

t6 phan xa trong IRS véi N =3 nhu trong Hinh 3.

Quan sat Hinh 3, ta dé déng théy rang két qua mo phéng
hoan toan trung khop véi két qua ly thuyetva ket qua
duodng xap xi héi ty véi cac duong ly thuyét & SNR cao.
Diéu nay chimg minh cac két qua phan tich 1y thuyét cta
chung toi trong phan IIT hoan toan chinh xé4c. Hon nira, ta
co the thay rd 6 md hinh chuyen tiép qua IRS ti 18 16i khoi
BLER giam nhanh ¢ gid tri 7 m (107°), cang tang 7 thi

ti s6 161 giam cham dan diéu nay hoan toan phu hop voi

két qua ly thuyét trong (22). Boi vi BLER ti 1¢ véi

exp(—% , day 1a mot ham gidm véi moi gid tri cia 3
y

tirc voi moi gia tri ctia cong suat phat ciia ngudn. Pic biét

cang gidm nhanh ¢ nhitng gia tri &m cang nho.

Tuy nhién, & mé hinh chuyén tiép qua FDF, ti 1¢ 18i khoi
BLER chi giam dan ¢ khi gia tri duong 7 tang. Két qua
nay pht hop véi két qua ly thuyét vi BLER trong truong

hop nay ti 18 véi 7exp(—§j trong (24) . Do d6, BLER
7

chi chon cac gia tri dwong 7 nhu trong Hinh 3. T Hinh

3, ta cung thiy dwoc hiéu nang hé théng cia mo hinh
chuyen tiép qua IRS (BLER gidm nhanh hon) vugt troi
hon han so voi higu nang mo hinh chuyen tiep qua FDF.
Trong truyen thong goi tin ngan c6 sy danh doi rat 1on
giira do tré va BLER. Tuc véi chleu dai goéi tin nhu nhau,
hé thdng c6 BLER 16n hon thi do tré s& nho hon [31]. Tuy
Vay, trong hé théng chuyén tiép goi tin ngan co su hd trg
cua IRS, c6 hay khong sy danh dbi glua do tré va BLER
van dang 1a mot thir thach 16n dbi véi cac nha nghién ctru
hién nay

2

10

Ly thuyét - IRS
104H * Mo phéng -IRS
Ly thuyét - FDF
O M6 phéng - FDF
------------- Xé&p xi - FDF
- - --Xépxi-IRS
’

10—6 L L
-10 5 0 5 10
7 (dB)

Hinh 3. So sanh BLER giz#a hai mé hinh chuyén tiép qua IRS va
gua FDF.

Tiép theo, ching tdi xét sy anh hudng cua yeu to phan
xa N 1én hiéu nang hé thdng cia mé hinh chuyén tiép qua
IRS trong ba trudng hop cu thé cua 7 la =-30,

7 =—25Vva y =—20nhu trong Hinh 4.
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10
0 J
10 W b4 —— &
-
x 1
ul 10 *
@
7 = [-20,-25,-30]
1072
Ly thuyét
102k #* M6 phong
2 3 4 5 6 7 8 9 10

N

Hinh 4. Anh hwong cia sé yéu t6 phan xa N 1&n BLER cua
md hinh chuyén tiep qua IRS.

Trong Hinh 4, ta ciing thay rd khi cang ting N va 3 thi
BLER hé thong cang giam nhanh. Tuy nhién, cang ting
7 , tc tdng cong suat phat qua 16n s&€ co thé dan dén can
nhleu 16n. Do do, dé cai thién hi€u ning hé thong voi
nguon cong suét phat ¢b dinh, ta co thé tang s6 luong sd

yéu t6 phan xa N sao cho ti s6 16i BLER giam nhu ta
mong dogi.

Cudi cung, ta xét sy anh huong chleu dai goi tin 1én hiéu
nang hé thong ca hai m6 hinh truyén tin qua IRS véi cac
gia tri SNR 7 tang lan lugt —20dB , —15dB , —10dB
nhu Hinh 5 va truyén tin qua FDF véi gi4 tri SNR 7 lan

luot 10dB, 15dBva 20dBnhu Hinh 6. Trong ca hai mo
hinh truyén tin qua IRS va FDF, ta thay rang khi k va 3
tang thi BLER giam, ddc biét BLER giam nhanh hon ¢ m6
hinh truyén tin qua IRS. Tuy nhién, ta phal can nhic dén
viéc ting  (tirc ting cong sudt phat) vi can nhidu 16n sé&
anh huo’ng dén nguoi dung khac xung quanh. Mit khac,
néu tang gia tri chiéu dai goi tin k thi s& dan dén do tré
cling tdng. Do vay, tuy ting dich vu cy thé ta s& chon gia
tri k va cong sudt phat tuong ung sao cho dap trng muc
tiéu URLLC trong mang 5G.

102

9
10" 2
o
w
-
m
102
Ly thuyét ~=-20
Ly thuyét ~=-15
Ly thuyét ~=-10
M6 phéng « = -20
Mé phéng « = -15
- X Mo phong 5 =10 . | ] [ *
100 200 300 400 500 600 700 800
k (c.u)
Hinh 5. Sir anh huréng cia chiéu dai goi tin 1én BLER chuyén
tiep qua IRS.
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Ly thuyét
# Mo6 phong

5 = [10,15,20]

200 300 400 500 600 700 800
k (c.u)

Hinh 6. Sy dnh huong cua chiéu dai goi tin 1én BLER chuyén
tiep qua nat chuyeén tiep FDF.

V. KET LUAN

Trong bai bao nay, ching t6i da de xuat mé hinh truyen
dan thong tin qua IRS trong truyén thong g01 tin ngan
Tlep dén, chung t6i so sanh hi¢u nang ctia md hinh nay véi
mo hinh truyén géi tin ngan qua nut chuyen tiép FDF
thong qua thdng so ti 1¢ 16i khdi BLER va d9 loi phan tap.
Dua vao két qua 1y thuyét va dugc kiém chimg mot lan
nita qua m6 phong Monte-Carlo, bai bao cho thay rang ti
1¢ 18i khéi BLER cua h¢ thong truyen tin qua IRS giam
nhanh so véi ti s6 BLER trong truyen tin qua FDF thong
thuong va d6 loi phan tdp mo hinh truyén tin qua IRS ciing
cao hon m6 hinh truyén tin qua FDF. Hay noi khac hon,
hi¢u ndng cua hé¢ thong mo hinh truyén tin qua IRS cai
thién hon mé hinh truyén tin qua FDF. Hon nira, dbi voi
hé théng truyen tin qua IRS cang tang s6 yéu t6 phan xa
va cong suét phat thi ti s6 13i cang glam hiéu nang cang
cdi thién. Tuy nhién, chidu dai géi tin ciing anh huong
dang ké dén hiéu nang hé thong va tily vao yéu cau dich
vu cu thé thi ta s& xac dinh gia tri k cu thé tuong (mg sao
cho dap tmg yéu cau URLLC.

PHU LUC
CHUNG MINH CONG THUC (12) VA (13)

N o B
A=) ——. (P.1)

Zl‘ d;d;
Bai vi ¢, va B 1a cac bién ngdu nhién phan bd Rayleigh
dc lap, do d6 A 1a tong ctia N qua trinh double Rayleigh
dong dang va doc lap. Theo phéan tich trong [32,
CT(2.76)], ham PDF cua A c6 dang nhu (7). Trong do,
cac tham s @ va b dugc cho nhu trong cong thirc (10)
va (11). Hon nira theo [32, CT(2.74)], k, Va k, duoc dinh
nghia la gié tri ky vong va phuong sai cia A nhu sau

=E[A]. (P.2)
k,=V[A]. (P.3)

T cong thirc

Thé (P.1) 1an luot vao (P.2) va (P.3), k, Va k, thu dugc
két qua nhu sau
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B,
& o

va

véi (@) va (b)1a phép bién ddi tinh trung binh va phuong
sai ctia cho cac bién doc lap o, va g .
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Phong thi nghiém thong tin vo tuyen va duoc tai tro boi
Hoc Vién Cong nghé Buu Chinh Vién Thong dudi mé sé
06-HV-2021-RD_CB2.

TAI LIEU THAM KHAO

[1] M. Agiwal, A. Roy, and N. Saxena, "Next generation 5G
wireless networks: A comprehensive survey," IEEE
Communications Surveys & Tutorials, vol. 18, no. 3, pp.
1617-1655, 2016.

[2] M. Carugi, "Key features and requirements of 5G/IMT-
2020 networks,” in ITU Arab Forum on Emerging
Technologies, 2018.

[3] J. Navarro-Ortiz, P. Romero-Diaz, S. Sendra, P.
Ameigeiras, J. J. Ramos-Munoz, and J. M. Lopez-Soler,
"A survey on 5G usage scenarios and traffic models,"
IEEE Communications Surveys & Tutorials, vol. 22, no. 2,
pp. 905-929, 2020.

[4] 1. Vision, "Framework and overall objectives of the future
development of IMT for 2020 and beyond," International
Telecommunication Union (ITv), Document,
Radiocommunication Study Groups, 2015.

[5] Y. Polyanskiy, H. V. Poor, and S. Verdd, "Channel coding
rate in the finite blocklength regime," IEEE Transactions
on Information Theory, vol. 56, no. 5, p. 2307, 2010.

[6] M. O. Hasnaand M.-S. Alouini, "End-to-end performance
of transmission systems with relays over Rayleigh-fading
channels," IEEE transactions on Wireless
Communications, vol. 2, no. 6, pp. 1126-1131, 2003.

[71 J. N. Laneman, D. N. Tse, and G. W. Wornell,
"Cooperative diversity in wireless networks: Efficient
protocols and outage behavior," IEEE Transactions on
Information theory, vol. 50, no. 12, pp. 3062-3080, 2004.

[8] N.T.Do,D.B.daCosta, T. Q. Duong, V. N. Q. Bao, and
B. An, "Opportunistic scheduling for fixed-gain amplify-

and-forward-based  multiuser  multirelay ~ SWIPT
cooperative networks," in 2017 International Conference
on Recent Advances in  Signal  Processing,

Telecommunications & Computing (SigTelCom), 2017,
pp. 49-54: IEEE.

TAP CHi KHOA HOC CONG NGHE THONG TIN VA TRUYEN THONG 62



PHAN TiCH PO LOI PHAN TAP CHO MANG CHUYEN TIEP QUA MAT PHAN XA THONG MINH ........

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

SO 04 (CS.01) 2021

T. Q. Duong, D. B. da Costa, M. Elkashlan, and V. N. Q.
Bao, "Cognitive amplify-and-forward relay networks over
Nakagami-$ m $ fading," IEEE Transactions on Vehicular
Technology, vol. 61, no. 5, pp. 2368-2374, 2012.

Y. Lu and W. H. Mow, "Low-complexity detection and
performance analysis for decode-and-forward relay
networks," in ICASSP 2019-2019 IEEE International
Conference on Acoustics, Speech and Signal Processing
(ICASSP), 2019, pp. 4819-4823: IEEE.

N. A. Tuan, V. N. Q. Bao, and T. T. Kien, "Performance
Analysis of Energy Harvesting Two-Way Decode-and-
Forward Relay Networks with Power Beacon over
Nakagami-m Fading Channels,” in 2018 International
Conference  on  Advanced  Technologies  for
Communications (ATC), 2018, pp. 265-269: IEEE.

Y. Gu, H. Chen, Y. Li, L. Song, and B. Vucetic, "Short-
packet two-way amplify-and-forward relaying," IEEE
Signal Processing Letters, vol. 25, no. 2, pp. 263-267,
2017.

V. N. Q. Bao and T. T. Thanh, "Performance Analysis of
Partial Relay Selection Networks with Short Packet
Communications,”" The 6th NAFOSTED Conference on
Information and Computer Science (NICS), pp. 23-26,
2019.

O. L. A. Ldpez, E. M. G. Fernandez, R. D. Souza, and H.
Alves, "Ultra-reliable ~ cooperative  short-packet
communications with wireless energy transfer," IEEE
Sensors Journal, vol. 18, no. 5, pp. 2161-2177, 2018.

E. Bjornson, O©. O, and E. G. Larsson, "Intelligent
Reflecting Surface Versus Decode-and-Forward: How
Large Surfaces are Needed to Beat Relaying?," IEEE
Wireless Communications Letters, vol. 9, no. 2, pp. 244-
248, 2020.

Q. Wu and R. Zhang, "Intelligent Reflecting Surface
Enhanced Wireless Network via Joint Active and Passive
Beamforming,” IEEE Transactions on Wireless
Communications, vol. 18, no. 11, pp. 5394-5409, 2019.
A.-A. A. Boulogeorgos and A. Alexiou, "Performance
Analysis of Reconfigurable Intelligent Surface-Assisted
Wireless Systems and Comparison With Relaying," IEEE
Access, vol. 8, pp. 94463-94483, 2020.

K. Ntontin et al., "Reconfigurable intelligent surfaces vs.
relaying: Differences, similarities, and performance
comparison,” arXiv preprint arXiv:1908.08747, 2019.

Q. Wu and R. Zhang, "Towards Smart and Reconfigurable
Environment: Intelligent Reflecting Surface Aided
Wireless Network,” IEEE Communications Magazine,
vol. 58, no. 1, pp. 106-112, 2020.

W. Tang et al, "Wireless communications with
reconfigurable intelligent surface: Path loss modeling and
experimental measurement,"” |EEE Transactions on
Wireless Communications, 2020.

A. Papoulis and H. Saunders, "Probability, random
variables and stochastic processes," 1989.

I. S. Gradshteyn and I. M. Ryzhik, Table of integrals,
series, and products. Academic press, 2014,

V. N. Q. Bao and H. Y. Kong, "Error probability
performance for multi-hop decode-and-forward relaying
over Rayleigh fading channels," in 2009 11th International
Conference on Advanced Communication Technology,
2009, vol. 3, pp. 1512-1516: IEEE.

W. Yang, G. Durisi, T. Koch, and Y. Polyanskiy, "Quasi-
static multiple-antenna fading channels at finite
blocklength,” IEEE Transactions on Information Theory,
vol. 60, no. 7, pp. 4232-4265, 2014.

B. Makki, T. Svensson, and Z. Michele, "Finite Block-
Length Analysis of the Incremental Redundancy HARQ,"
IEEE Wireless Commun. Lett., vol. 3, no. 5, pp. 529-532,
Oct. 2014.

[26] P.C.S.S. Freear, "Novel expressions for the Marcum and
one dimensional Q-functions,” 2010 7th International
Symposium on Wireless Communication Systems, 19-22
Sept. 2010.

W. Yang, G. Durisi, T. Koch, and Y. Polyanskiy, "Quasi-
static multipleantenna fading channels at finite
blocklength," IEEE Transactions on Information Theory,
vol. 60, no. 7, p. 4232, 2014.

Yuehua Yu, He Chen , Yonghui Li, Zhiguo Ding , and
Branka Vucetic, "On the Performance of Non-Orthogonal
Multiple Access in Short-Packet Communications," IEEE
Communications Letters, vol. 22, no. 3, pp. 590-593, 2018.
V. N. Q. Bao, M6 phong hé théng truyén thong. Ha Noi:
Nha xuét ban khoa hoc va k§ thudt, p. 267.

A. Goldsmith, Wireless communications (Copyright by
Cambridge University Press). Stanford University, 2005.
B. Makki and M.-S. Alouini, "End-to-end Performance
Analysis of Delay-sensitive Multi-relay Networks," IEEE
Communications Letters, vol. 23, no. 12, pp. 2159-2163,
2019.

S. Primak, V. Kontorovich, and V. Lyandres, "Stochastic
methods and their applications to communications,”
Stochastic  Differential Equations Approach. John
Wiley&Sons, 2004.

[27]

[28]

[29]
[30]

[31]

[32]

DIVERSITY ORDER ANALYSIS OF
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Abstract— Intelligent reflecting surface (IRS) is a
revolutionary technology that can greatly improve the
performance of next generation wireless networks by
controlling the phase/amplitude of the signal in the
environmental radio via passive reflectors. In this paper,
we propose a short packet communication model is
assisted by intelligent reflectors. Next, we compare the
performance of this system with that of a relay aided
communication, where the relay node uses fixed decode
and forward (FDF) technique to transmit data. To compare
the performance of these two systems, we derive exact and
approximate form expressions of the block error rate
(BLER) over fading Rayleigh channel and also the
diversity gains of both systems. Thereby, the results show
that the performance of the IRS communication system is
superior to that of the basic FDF communication system.
Finally, we prove that the results in the theoretical analysis
are completely consistent with the simulation results by
the Monte-Carlo simulations.

Keywords—Intelligent reflecting surface, fading
Rayleigh, decode and fordward, bit error rate, short packet
communications.
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