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T6m tat: Trong bai bao nay, ching t6i phan tich ti Ié
15i khdi cia mang truyén théng géi tin ngan nham maé rong
viing phu séng va giam ti 1¢ 16i khéi dudi tac dong cua
kénh truyén fading Rayleigh. Trong mé hinh dé xuat, nt
dich s& nhan dwoc dir liéu thdng qua cac nit chuyén tiép.
Ti I& 15i khdi & kénh truyén nay duoc chimg minh dudi ca
hai dang la chinh xéc va xap xi bang biéu thirc dang twong
minh (closed-form expression). Cudi ciing, ching toi thuc
hién mé phong Monte-Carlo dé kiém chung lai cac két qua
da phan tich dugc.

Tir khéa- fading Rayleigh, giai ma va chuyén tiép, ti l&
13i khdi, truyén thdng goi tin ngan.

l.  GIOITHIEU

Trong nhimg nam gan day, thé gidi chung ta dang hudng
dén nén cong nghiép tién tién nham phuc vu nhu cau ngay
cang ting cao clia con ngudi trong hau hét cac linh vyc
nham muc dich chinh 1a cai thién tinh linh hoat trong quy
trinh san xudt va tao ra nhiéu san phém hon, tiét kiém tai
nguyén va tang tinh tién dyng hon bang céach st dung két
nbi cac cam bién va dit liéu v6i quy mé 16n, chang han nhu
nha may thong minh, nong nghiép théng minh hay y té
thong minh, ... n6i chung cling nhu trong linh vic théng
tin di dong noi riéng nham tap trung va ting cuong kha
ning giao tiép, két ndi gilra con nguoi va mdy moc, va gilra
méay méc voi may moc 1an nhau sir dung cam bién [1]. Dé
dap tmg dugc nhirng tiéu chi trén, cac nha khoa hoc trong
nudc ciing nhu trén thé gidi da va dang tich cuc nghién
ctru phat trién cac k¥ thuat méi, ching han nhu ky thuat da
truy nhap khong truc giao NOMA [2], k¥ thuét truyén dan
song c6ng [3] va ky thuat MIMO [4]. Véi sy phat trién ctia
cac k¥ thuat mdi nay s€ hira hen tao ra thé hé mang di dong
moi, d6 1a mang di dong thé hé tha 5 (5G) véi kha ning
truyén tin hiéu c6 toc d6 nhanh hon va c6 bang thong 16n
hon.

V6i nhitng tiém nang to 16n tir cac ki thuat méi mang lai
htra hen s€ thao g& dugc nhiing han ché con tdn dong trong
mang di dong hién tai. Thi nhét 12 hd tro truyén thong tin
v6i dung lwong 16n hon giup tiét kiém duoc thoi gian
truyén nhén dir liéu gitra cac thiét bi. Bén canh d6, chinh
1a kha nang truyén thong tin voi thoi gian thye khi ma cac
thiét bi va con nguoi giao tlep v6i nhau qua khoang cach
xa, voi do chinh xéc 1én dén mirc micro gidy va cho phép
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cac thiét bi ddng bo hoa thoi gian. Dé két ndi cac thiét bi
theo thoi gian thyc, ddng nghia véi viéc cac thiét bi can
phai truyén cac géi tin dap ung dwoc cic yéu ciu chat
luong véi sy rang budc vé do tré phai cuc thap va dg tin
cdy cao. Chinh vi vdy, truyén thong goi tin ngan (short
packet) [5, 6] hién dang 1a img vién hang dau dé dap tmg
dugc cac yéu cau nhu trén va cling di va dang nhan duoc
nhiéu su quan tdm cua cac nha nghién ctru khoa hoc trén
thé gidi.

Hon nira, truyén thong chuyén tiép dang duoc xem 1a giai
phap hiéu qua dé cai thién ving phu song nham nang cao
hi¢u nang cua h¢ thong [7]. Cu thé, trong [8], cac tac gia
da dé xuét mang chuyén t1ep timg phian, truyén thong da
chang va truyén thong chuyén tiép ting cuong dugc khao
sat lan lugt trong [9] va [10]. Hon nira, truyén thong
chuyén tlep cling dd két hop hiéu qua véi cac k¥ thuét
khac, chang han nhu k¥ thuét da truy nhap khong truc giao
[2], k¥ thuat thu thap nang luong [11, 12], vo tuyén nhan
thirc [13] va bao mat 16p vat Iy [14]. RS rang, truyén thong
chuyén tiép 1a mot ky thuat day tlem nang vai viée st dung
cac nut trung gian dé chuyén tiép dir liéu tir thiét bi phat
dén thiét bi thu v6i cac muc dich chinh nhu sau: Mot 13;
lam giam sy anh huong cua hiéu img bong mo trong thong
tin vo tuyén [15] _gdy cdn tr¢ trén duong truyén, vi du nhu
c4c toa nha cao ting, ciy cdi, ... gitp cho viée két ndi dir
lidu hodc trao ddi thong tin glua c4c thiét bi voi nhau ludn
duoc lién tuc theo thoi gian. Hai 1&; mo rong ving phu
song dé truyén dir lidu téi duge nhitng thiét bi c6 khoang
cach két ndi xa hon dé dam bao su két ndi lién tuc gitta cac
thiét bi 1an nhau khi ¢é su thay doi khoang cach truyén. Ba
13; viéc mo rong ving phu song sé gitp két ndi cac thiét bi
giao tiép 1an nhau duoc nhidu hon. C6 hai k¥ thuat chuyén
tiép duoc sir dung trong cac nghién ciru gan day, d6 1a ky
thuat khuéch dai chuyén tiép (AF) [16-18] va giai mi va
chuyén tiép (DF) [19-21]. Ngoai ra, trong mang bao mat &
16p vat Iy nhu trong bai bao cua tac gia Nguyen Thi Yen
Linh va cac dong tac gia [22] ciing di nghién ctru va cho
thdy duoc hiéu ning cua mang chuyén tiép da ching trong
mang vo tuyén.

Véi nhitng tinh nang va 1o1 ich to 16n nhu trén s€ hira hen
viée két hop k¥ thuat chuyén tiép voi cong nghé truyén
thong goi tin ngan s& nang cao hiéu ning ciia mang hon
nira. Cu thé, trong bai béo [23], c4c tac gia da dé xuat md
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hinh mang truyén théng goi tin ngan két hop voi ky thuat
chuyén tiép theo phwong thirc da truy nhap khéng truc giao
(NOMA). Trong bai béo [24], Yifan Gu va céc cdng sy da
nghién ciru mo hinh mang truyén thong géi tin ngén sur
dung ky thuat khuéch dai chuyén tiép (AF). Céc nghién ciru
nay déu chimg minh dugc hiéu nang vuot trdi cua mang
chuyén t1ep trong truyen thong goi tin ngan Theo chlng
t6i dugc biét, cho dén thoi diém hién tai van chua c6 cong
trinh nghién ctru nao cho thay sw anh hudng day du cac
thong sb ciia nut chuyén tiép, khi ma s6 nat chuyén tiép 16n
hon hai.

Trong nghién ciru nay, ching o1 tién hanh thlet ké va
phéan tich mot hé thong mang voi so nat chuyén tiép 16n
hon hai trong truyen thong goi tin ngan hoat dong dua trén
viéc chuyen tlep dir liéu tir ngudn dén dich thong qua cac
ndt chuyén tiép. Dé danh gia chat lugng ciia hé thong,
ching t6i dwa ra va phan tich biéu thie tinh ti 18 151 khoi
dang dong trén kénh truyén fading Rayleigh.

Phan tiép theo clia bai bao dugc trinh bay nhu sau. Phan
II s& trinh bay mé hinh cta hé thdng ciing nhu cach thirc
truyén dir lidu tir nat ngudn dén nat dich thong qua cac nit
chuyén tiép. Phan 1T s& trinh bay phwong phap phan tich
theo md hinh dé xuat dé danh gia chat luong cua hé thong
v6i thong s ti 18 151 khdi véi ca hai dang chinh xac va xép
xi. Phin IV 1a cac két qua tinh toan s& dwoc kiém chung lai
bang phan mém Matlab. Cudi cing 12 phan két ludn cua bai
bao.

. MO HINH HE THONG

Trong nghién ctru nay, chiing t0i dé xuat md hinh mang
chuyen tiep da chdng trong truyen thdng goi tin ngan dé
truyen théng tin tir nat nguén dén nat dich nhu Hinh 1.

DS S P

Hinh 1. M6 hinh mang chuyén tiép da chang trong truyén
thdng géi tin ngan

Céc thanh phan chinh ciia hé théng gdm mot nut ngudn
(Ry), métnutdich (Ry,;) vacac nit chuyén tiép, lan luot
dugc ky hiéula R,R,,...,
tiép s& sir dung k¥ thuat DF dé giai ma va chuyén tiép tin
hiéu vira nhan dugce dén nat chuyén tiép Kké tiép. Goi h, 1a

R¢ nhu Hinh 1. Tai niit chuyén

hé s6 kénh truyén giira R, , va R, .

Hoat dong truyén tin hiéu cua hé théng thong qua cac
khe thoi gian voi tong chiéu dai géi tin 1la m, va gdi tin
nay s€ dugc chia thanh céc khdi tin (blocklength) cé chiéu

dai bang nhau

m \ A X e
1 va dugc truyén tir R, dén R, , véi

K 1asb chang trong mang. Ta c6 tin hi€u nhan dugc tai
R (k=1K+1)1a

Yi :\/KWX"'nk’ 1)

2Giatr] k=1 K +1s& duoc st dung xuyén subt bai bao nay.
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v6i P, 1a cong sudt phat cia R, , N, 1a nhiu Gauss
trang cong AWGN tai niit chuyén tiép thir K véi gia tri
trung binh bang 0 va phuong sai bang o/, va x la thong
tin clia nut ngudn cd ning lugng chuan héa E {|X|Z} =
voi E{} l1atoan tir ky vong thong ké. Dé cong suat nhidu
trang & cic may thu la nhu nhau, chung t6i gia st o7 = o .
Chung t6i cing gia su rang thong tin trang thai kénh

truyén (CSI) 1a hoan hao tai nit nguon va cac nut nhan tin
hiéu va kénh truyén la kénh fading Rayleigh. Do do, ti s6

tin hi¢u trén nhiéu (SNR) nhan duoc tai R, (duoc ky higu
la 7, ) s& tuan theo phan bb mil vé6i gia tri trung binh dugc
biéu dién nhu sau

7k: 72 1 (2)

voi Q, 1a d6 lgi kénh trung binh twong tmg cua dudng
truyén R, >R, .

Ap dung ly thuyét vé phan bd mii trong [25], ta c6 ham
phan bo tich liy (CDF) va ham mat d¢ xac suat (PDF) cua
¥ duoc tinh nhu sau

7, (1) -1-ex - |

Yk

1 14 .
f, (7 :?eXp(—_—j
yk() Yk Yk

Theo nhur trong [26], mdi gia tri cia M nén 16n hon 100,
vi kénh truyén dugc gia sir hoat dong & ché do fading ban
tinh (quasi-static fading) [27], nghia la hé s6 kénh truyen
khong dbi trong sudt qué trinh truyen tin hi€u tr it nguon
dén niit dich va c6 thé s& thay ddi trong chu ky truyén tin
hiéu tiép theo. Khi R, truyén f bit thong tin dén R,
qua K +1 ching trong suét mot chu ky truyén. Ta c6 ti 1¢
mi hoa ciia mdi chang la

®)

(K+)p

m

r =

(4)

Cong thirc s6 (4) biéu dién téc ¢ ma hoa ctia mdi ching
trong (K +1) ching s& bang s6 bit thong tin chia cho thoi

gian truyén ctia mdi ching.
. DANH GIA HIEU NANG HE THONG

A. Tilé 13i khoi dang chinh xac

Trong truyén thong goi tin ngan, khi chidu dai khbi tin
di 16m, ti 18 16i khdi (BLER) trung binh duoc x4p xi nhu
trong [27, Eq. (59)] va [28, Eq. (4)] theo ting chang 1a

BLER, ~E, |Q Cl)-r | (5)

(7)/m
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Py
BLER, ~ovm | (1—exp£—_lnd;/
P 7k

_Uf{pH o 2] o -2 m

©)

BLER,,, =BLER, + (1~ BLER, )BLER, +...+ (1~ BLER, )...(1-BLER, , ) BLER,

K+1

=BLER +Z(BLER xH 1-BLER,, )]

(10)

véi BLER, 14 ti 1¢ 16i khdi ctia mot chu ky truyén tin hiéu

tr R, dn R, va dugc dinh nghia 1a

X)=iﬁx (X)dx

Viét lai biéu thte (5) ¢ dang tudng minh, ta c6 ti 18 1
khdi trung binh tai chang thir K dugc tinh nhu sau
7 C(y.)-r
BLER, ~ jQ Cln)-r f, (y)dy,  (6)
0 (}/k )/ m

vGi Ty (X) 1a ham mat do xac suat ciia bién ngiu nhién

X.

C(y)-r
(;/k)/m

rét kho dé tim ra biéu thirc dang tuong minh (closed-form
expression) cho cong thac (6). Ap dung [26, Eq. (4)],
chling toi trién khai ham xap xi d6i v6i ham Q(.), cu thé

Boi vi biéu thue Q rat phuc tap nén sé

C(v.)—
a0l SV 200 i
(7)/m
L Yk <P
1
Z(rn)= E_U Mm% =9), A <r<pa, (7)
0, Yk 2 Pu
Vo o=t go2 1 —o—1
22t - 20dm

1
20\/5'
Thay (7) vao (6), BLER, duoc tinh nhu sau
f (7)dy= U\/_J F,

BLER, :jz(yk) y)dy. (8)

Thay (3) vao (8), ta tinh dugc BLER, ctia mdi ching
nhu cong thirc (9).
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K¥ thuat giai ma va chuyén tiép co lya chon (SDF) la
mot ky thuat duoc ap dung tai nat chuyén tiép voi co ché
1a néu nut chuyén tiép khong giai ma dung duogc dir liéu
nhén duoc thi s€ khong tiép tuc chuyén tiép dit lidu dén
nut tiép theo [29].

Gia sir cac nut chuyén tiép sir dung ky thuat SDF nén
ti 1¢ 16i khdi toan trinh duoc tinh theo cong thirc (10)
(Chitng minh: Xem phu luc A).

B. Ti1é13i khai dang xdp xi

Tiép theo, chiing toi sé& trinh bay dang xp xi cua ti 18
15i khéi dé c6 danh gia khach quan hon vé hiéu ning cua
hé théng & mirc cong sudt ngudn phat cao. Dang xap xi
nay dugc xem nhu la mot duong gidi han trén (Upper
bound) cho céc gié tri cua ti 18 161 khoi khi cang ting mirc
cong suat ngudn phat tién ra vo ciing. Didu nay c6 nghia
1a ti 1¢ 18i khdi toan trinh cta hé thong ludn dat gia tri
nho6 hon hoac béng gia tri duong gidi han trén nay cho
du ¢6 ting cong suat phat lon thé nao di chang nira. Mat
khac, day ciing la diéu ma chiing ta mong mudn vi ti 1¢
16i khdi cang nho thi hiéu nang hé thong cang duoc cai
thién.

St dung vO6 cung bé twong duong cua ham
1-exp(—x)0 x khi x—0, két qua tiém can ciia

BLER, duoc tinh nhu sau

BLER, , ~ u\/Epf L dy
o Tk (11)
_om (pﬁ - J
ol o2 )
D& thay rang gia tri cua ti 18 15i khdi timg ching
BLER, thi rat nho khi cong suit ngudn phat cang 16n.
Khi do, ta c6 BLER, [ 1, diéu nay ddng nghia la
1-BLER, . ~1. Ti I¢ 16i khdi toan trinh dang xap xi c6

thé duoc viét lai nhu cong thic (12).
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BLER

e2e,tc Ltc
K+1

~ Y BLER,,.
k=1

=BLER,, +(1-BLER,, )BLER, , +...+(1-BLER, )...(1-BLER , . )BLER,,,

(12)

IV. KET QUA MO PHONG

Trong phan nay, ching toi st dung phuong phip mo
phong Monte-Carlo trén phan mém Matlab ciing nhu trong
sach mé phong [30] cho md hinh dé xuét dé kiém chimg
lai cac két qua 1y thuyét da duoc trinh bay ¢ phan trude.

Dé don gian va khong mét tinh tong quat, ching t61 xem
xét md hinh tuyén tinh don gian 1a nat nguon, nat dich va
cac nut chuyén tiép dugc dit trén cung mdt dudng thang.
Xem xét kénh chun hoa véi cong sudt nhidu 1a o2 =0
dBm. Mot vai thong s6 dé thuc hiér‘l mo ph(")ng nhu sau: sb
bit théng tin 1a =256 va chiéu dai khéi m=256 .
Tuong tu nhu cac thong sé trong [15], do loi kénh trung
binh dugc tinh theo m6 hinh suy hao trong khong gian ty
dola Q, =d,”, v6i n 1a hé s6 suy hao cua kénh truyén
(gia trj dién hinh ctia 7 1a tir 2 dén 6). Trong nghién ctru
nay, chung t6i st dung 7 =3. Chung toi gia sir rang
khoang cach giita nut R, va R, dugc chuin hoa véi

D=1, xem xét kénh truyén d6i ximg véi d, 1a khoang

cach bang nhau giita cac nat va d, = . Ngoai ra,

chung t6i cling xem xét md hinh véi gia sir phan bd cong

PS
K+1'
Téng cong suit truyén ciia ngudn phat nang lugng Py
duoc khao sat tr 0dBm dén 30dBm .

\suat déu cho timg nit chuyén tiép, nghia la P, =

10°

Y
ERIE
o

- —o— Ly thuyét P ;=10 dBm
y'/ — Ly thuyéll P¢=15 dBm
L —-p—-- Ly thuyét P =20 dBm
1072”/ | . . ‘ | *  Mophong
1 2 3 4 5 6 7 8 9 10

K

Hinh 2. Anh huéng cda so nit chuyén tiép Ién hiéu nang
hé thong

Dau tién, ching t6i s& khao sat sy anh huéng cia sb nat
chuyén tiép 1én hiéu ning hé thong nhu Hinh 2 dé tim ra
s6 lwong nut chuyén tiép tdi wu cho mé hinh. Muyc tiéu 1a
cang it s6 luong nut chuyén tiép cang tot ma hiéu nang hé
théng van duoc cai thién vi nhu vy chung ta sé tiét kiém
dugc chi phi trién khai va tham chi 1a giam thiéu dugc tong
d6 tré truyén khi truyén qua cac nat chuyén tiép.

Hinh 2 cho chung ta thiy dugc cac két qua duong ly
thuyét (Analysis) hoan toan tring khép véi cac két qua
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dudng md phong (Simulations). Tir Hinh 2, ta dé dang thay
dugc cac gia tri cua ti 1¢ 161 khdi toan trinh BLER cang
giam khi cong suat phat tang. Cu thé, khi ta ting cong suét
phat 1an Iuot 13 10, 15 va 20 dBm, gia tri cua ti 18 151 khbi
toan trinh BLER tuong tng 12 vao khoang10™, 2.5x107

va0.1x1072 Piéu nay c6 nghia la khi ta cang ting cong
sudt phat ciia ngudn phat thi hi¢u nang hé thong sé cang
duogc cai thién nhu mong doi. Pac biét, quan sat riéng 1&
trén cling mot gia tri cong suét phat thi i 1& 15i khoi dat gia
tri nho nhat khi K =1 trong tit ca cac truong hop khao sat
ctia P . Piéu nay c6 thé két luan rang ddi véi mo hinh dé
xudt nay thi sir dung mot niit chuyén tiép dé truyén dir lidu
1a hiéu qué nhit. Do d6, ching t6i s& sir dung gia tri K =1
cho céc khao sat tiép theo.

—— Ly thuyét
O M6 phéng

PS= 10, 15, 20 dBm

BLER

-3 1 1 1 1 1 L 1 1
10
100 200 300 400 500 600 700 800 900 1000
m

Hinh 3. Anh huéng cda chiéu dai khéi tin, véi K =1

Tiép theo, chung toi khao sat ti 1¢ 16i khdi BLER 1a mot
ham theo d6 dai khéi m nhu Hinh 3 v6i muc tiéu tuong ty
nhu Hinh 2 d6 13 tim ra m t6i wu cho mé hinh hé théng.
Cu thé, gia tri cia m cang ting thi BLER ¢ tit ca cac
truong hop giam. Hon nita, chiing ta ciing thy ring ti 1¢
16i khoi toan chang s& bang khong néu m tién t6i vo cling
hay rr!l—g:loo BLER,,. (m)=0 (Chiing minh: Xem phy luc B).

Diéu nay c6 nghia 1a chung ta chi c6 thé két luan m cang
16n cang tot ma khong c6 mot gid tri cu thé nao, mién 1a
m>100 nhu di dé cap thi hiéu ning hé thong s& cang
dugc cai thién. Tuy nhién, ciing phai can nhic ring muc
tiéu cia truyén thong goi ngan d6 1a do dai khéi cang ngan
thi d¢ tré tnlyen s€ dugc giam. Do do, can nhéc trong ca
hai tinh hu6ng wu nhuge diém ciia viée tang hodc giam m
chung ta s€ rang budc dugc gia tri m cu thé nhim muc tiéu
dam bao chét luvgng cua mot dich vu cy thé. Vi du, gia s
murc ty 18 18i khdi co thé chap nhan dugc ciia mot dich vu
ma chiing ta mudn cung cap 1a 2x10? chang han, thi gi4
tri cia M g vdi ting truong hop cong suat phat 10, 15
va 20 dBm la khodng 1000, 400 va 250. Mat khdc, khi
cong suét phat ciia cac nat nguon va cac niit chuyén tiép
tang thi hiéu niang cta hé thong ciing dugc cai thién dang
ké. Quan trong hon hét van 1a cac két qua 1y thuyét cia
chiing t6i hoan toan tring khép véi cac két qua mo phong

e2e
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va mot 1an nita x4c thye tinh chinh xéc tir cac két qua tinh
toan trong cac phan trudc.

k = 512,256, 128.

102 | [—e—Ly thuyét
— ©—-Tiém can
® MO phéng

. ;

0 2 4 E; g 1‘0 1‘2 1‘4 1‘6 1‘8 20
P [dBm]

Hinh 4. Anh hwéng cda gia trj céng suét phat Ién hiéu
néng hé théng véi K =1

Cubi cing, ching t6i s& khao sat ti 1¢ 15i khdi toan trinh
1a ham theo cong suat phat nhu Hinh 4. Trong Hinh 4,
chung ta c6 thé thdy rang cac duong phan tich 1y thuyét
dang chinh xé&c hoan toan tring khép véi cac két qua mo
phong. Piéu nay chig minh rang cic phan tich 1y thuyét
cua chiing t6i 1a chinh x4c. Hon nita, dudng xap xi hoi tu
v6i dudng chinh xac va duong mé phong & dai cong sudt
phat cao ciing cho thiy rang cac gia tri cua ti 16 18i khéi
luén nhé hon hodc bang cac gia tri dudng xap xi nay. Mat
khéc, khi so sanh véi cung mot gia tri M xac dinh thi ti 1¢
16i khéi ctia hé thng cang giam khi cang ting cong suat
ngudn phat. Tir d6, ta c6 thé két luan rang, voi dai cong
sudt phat cang 16n thi hiéu niang hé théng cang duogc cai
thién va lu6n khong vugt qua gia tri cua dudng gidi han
trén (duong ti 18 161 khéi xdp xi) va dleu nay ding nhu
chung ta mong doi. Mic du ting cong suat phat lam cho
hiéu ning hé théng duoc cai thién nhung chung ta ciing
khong nén lam dung ting cong suét phat qua 16n s& co thé
anh huong can nhiéu 16n 1én cac nguoi dung khac cua hé
thong.

V. KET LUAN

Trong bai bao nay, chung toi da dé xuat mang chuyén
tiép da ching trong truyen thong goi tin ngan st dung ky
thudt giai ma va chuyén tiép. Theo kénh truyén fading
Rayleigh, chiing t6i da dua ra biéu thirc dang dong cho ti
1¢ 1561 khéi ciia mé hinh dé xuat. Bén canh d6, chiing toi
cling da dwa ra dwoc biéu thirc tinh tiém cén cta hé théng
& dai cong suat phat cao. Ngoai ra, ching t6i ciing xét su
anh huong cta s chang chuyén tiép va do dai khoi m 1én
hiéu nang hé théng. Cac két qua phan tich sb trong mé hinh
dé xudt déu trung khép v6i két qua moé phong Monte-
Carlo. Thong qua md hinh dé xuét, ta thiy rang khi ting
1an luot cac gia tri cong suét phat Py va do daikhdi m déu
Iévm cho hiéu ning hé théng dugc cai thién mot cach déng
ke.

Tuy nhién d6i véi M, cling phai cdn nhic rang myc tiéu
cua truyén thong gdi ngan do6 1a 4o dai khoi cang ngan thi
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do tré truyén s€ dugc giam. Do d6, can nhéc trong ca hai
tinh hudng wu nhugc diém cia viée ting hodc giam m
chiing ta s& rang budc dwoc gia tri m cu thé nham muyc tiéu
dam bao chat lugng ctia mot dich vu cu thé. Va déi voi Py
, mic du ting cong suét phat lam cho hi¢u ning h¢ thong
dugc céi thién nhung ching ta ciing khong nén lam dung
tang cong suat phat qué 16n s& co thé anh hudng can nhidu
16n 1én cac nguoi ding khac cua hé thong. Dic biét, ching
t6i cling chi ra duge gia tri K =1 hay ndi cach khac la
mang hai chang (dual-hop) la t6i wu trong trudng hop mod
hinh dé xuét nay.

LOI CAM ON

Nghién ctru nay duoc tai tro boi Hoc Vién Cong Nghé
Buu Chinh Vién Théng trong dé tai c6 ma so 14-HV-
2020-RD_VT2.

PHU LUC A
Trong phan nay chiing t6i s& thuc hién chimg minh cong
thire (10).

Gia str trong truong hop hé thong truyen dir liu 2 chang
bao gom 1 nat ngudn, 1 nat chuyén tiép va 1 nut dich. Khi
hé jthong sir dung k§ thuat SDF tai nat chuyén tiép, ti 1& 1i
khoi toan trinh 1 tong ti 1¢ 16i khéi cua hai truong hop
duogc phan tich cu thé nhu sau:

i) Néu nat chuyén tiép khong giai ma dung duoc dir ligu
nhan duoc tir ndt nguon thi s& khdng tiép tuc chuyén
tiép dit liéu dén nat dich, khi do ti 18 15i khéi cua ching
hai s& bang 1, hay BLER, =1. Tac6 ti I¢ 15i khéi trong
truong hop ndy la BLER,BLER, =BLER,.

i) NGt chuyén tiép co thé giai ma dang tin hiéu nhan duoc
va tiép tuc truyén dir liéu dén dich. Ta cd ti 1¢ 13i khdi
trong trudng hop nay la(1- BLER, ) BLER, .

Nhu vy, ti 1€ 16i khdi toan trinh trong truong hop hé
thong truyén dir liéu 2 chang la

BLER,,, = BLER, +(1-BLER,)BLER,. (A.1)

Tuong tw, voi trudng hop tong quat, chung ta xem xetky
thuat SDF trén K +1 chang. Néu tai nat chuyén tiép thir

k (k =1, K) khong giai ma dung dugc dit liéu nhan dugc

thi BLER, =1 véi n>k . Phan tich twong tu chiing ta sé
c6 ti 1€ 161 khoi toan trinh nhu sau
BLER,,.=BLER, +(1-BLER,)BLER, +...
+(1-BLER,)...(1-BLER, ,)BLER,.
(A.2)
Quy cong thire (A.2) vé dang lay téng, ching toi thu

duoc ti 18 16i khéi toan trinh nhu trong cong thirc (10).

PHU LUC B
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A= lim om{ p, —p_ +7, {exp(—’i—“}—exp[—@ﬂ
Mot Y Ve

(B.2)
f 1 (K+1)p 1 1 (K+1)p 1
= lim {1+ 7.0dm<<exp| —| 2 ™ -1+ -1;—<exp|—2 ™ -1- -1
Mm—>+o0 7 P 77k 20\/5 P 7k 21)\/6
. 1 (K+1)/i 1 (K+1)/f 1
A= lim{l+70dmi=2 » —1- -2 " 14—
RUURE { 7, [ 2odm | 7 20dm (B.3)

= lim {1+7ku\/ﬁ{—_ii}}= lim 0=0.

m—>+o0 7/k L m m—+4o0
Trong phan nay, ching t6i chimg minh
lim BLER,,, (m)=0.
m—+o0

Nhu ching ta d biét, gioi han cua cac tong bang tong
cac gidi han hoi tu, nghia 1a

lim [ f(x)+g(x)]=0< lim f(x)+ lim g(x)=0, (B.1)véi
lim f(x)#00 va lim g(x)= 0.

Do d6, lim BLER,,,(m)=0 néu lim BLER,(m)=0
(k=1K=+1).

That vay, dit A= lim BLER, (m). Khi m—+x, A

¢6 thé duoc viét lai nhu trong (B.2).

(K+1)ﬂ 1
Khi mos+o thi 2 m™ -1+
21)\/5

—0. Ap dung v6 cing bé tuong

-0 va

(K+l)ﬂ 1
2 ™ —1-
ZU\/E
duong dang exp(x)—10 x khi x—0 cho (B.2), khi d6
A c6 thé dugc tinh nhu trong (B.3).
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Random Variables and

"Finite Block-Length
IEEE

ON THE PERFORMANCE OF
MULTIHOP NETWORKS WITH DECODE
AND FORWARD RELAYS IN SHORT
PACKET COMMUNICATIONS

Abstract: This paper investigates the short packet
communications for multi-hop networks with DF relays.
Under Rayleigh fading channels, we obtain the closed-
form expressions for exact system block error rate (BLER)
of proposed system model. Besides that, we also derive the
asymptotic system BLER in high regime of source’s
transmit power to get more insight about the performance
which is affected by some system model parameters.
Eventually, the accuracy of our analytical expressions are
verified by Monte Carlo simulations and demonstrate the
advantages of the system model. Especially, we figure out
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the optimal value of relay numbers for our proposed
system model.

Keywords: block error rate, cooperative networks,
short packet communications, Rayleigh fading.
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