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T6m tdt: Trong bai bao nay, ching toi dé xuat mot thiét
ké cho mang truyén thong st dung géi tin ngan c6 su hd
trg cua nat chuyén tiép nham dam bao chat lugng mang
cling nhu han ché nhiing anh huéng boi nhitng diéu kién
bat lgi cua dia hinh truyén nhén thong tin trong moi truong
vo tuyén. Thong sb dé phan tich nhiam dam bao chét luong
mang 1a ti 18 16i khdi. Hon nira, vi tri cua cac nit chuyen
tiép ciing duoc khao sat dé kiém ching anh huong cua diéu
kién bat lgi tir dia hinh. Ngoai ra, gié tri caa hé s6 suy hao
theo cac muc cong suat khac nhau ciing duoc khao sat
trong md hinh d& xuat. Két qua phan tich dugc kiém chiing
lai bai két qua md phong Monte-Carlo.

Tir khoa: fading Rayleigh, giai ma va chuyén tlep nat
chuyén tiép, ti 1& 13i khdi, truyén théng gdi tin ngan.

l. GIOI THIEU

V6 tuyén nhan thic (Cognitive Radio) 1a mét trong sé
nhfrng cbng nghé vo tuycn da va dang thu hat duoc su chd
y khong nhiing cua gi¢i khoa hoc va cdng nghiép ma ca
nhu’ng ngudi quan ly tai nguyén vo tuyén boi kha ning
nang cao hiéu suat sir dung phé tan.

Pé hién thyc hoa kha ndng nay, hai g1a0 tharc chia sé
pho dong da dugc d& xuit trong [1] d6 1a giao thirc dang
nen (underlay) va glao thuc dang xen ke (overlay). Nguyén
tic hoat dong cua glao thirc dang nén la ca hai hé thong
thu cap va so cap cung hoat dong song song, mién 1a can
nhiéu caa hé théng thi cap gay nén cho hé thong SO cap o
mot muc gisi han cho phep [2, 3]. Do d6, h¢ thong thu cap
van c6 kha ning déap ung duoc cac tng dung yéu cau vé
thoi glan thuc ma van dam bao dugc chét luong hé thong
so cap. Thém nita, do tinh don gidn nhung hi¢u qua nén
giao thuc dang nén nhanh chéng thu hut duoc sy chi y cua
gi¢i khoa hoc trén toan thé gioi va gop phan thiic day
nhanh sy phat trién cua céng nghé vo tuyén nhén thirc noi
riéng va truyén thong khong day noi chung Doi voi giao
thirc dang xen k& la cac may phat thir cap (nguol dung
khong duoc cap phép sir dung tan 50) s€ truy cap vao cac
16 phd” tam thoi caa hé thdng so cdp [4-6]. Uu diém cua
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phuong phép nay 1a cong suit phat cia mang tha cip
khong bi gigi han. Tuy nhién, trong thuc t¢, viéc tim, phat
hi¢n, st dung va chuyén giao pho theo thoi gian thuc van
I& mot thach thire 16n do céc gidi han vé phan cung cling
nhu phuong thirc quan ly tai nguyén hi¢n nay. Vi vay, giao
thirc dang xen k& khong thu hut dugc nhiéu su quan tam
nhu & giao thic dang nén. So sanh hai phuong phép ké
trén, thi phuong phéap underlay cho phep khac phuc nhuoc
dlem cta phuong phap overlay va cai thi¢n dang ke hiéu
Sut str dung pho tan nhung doi hoi h¢ thong thir Cap phai
biét dugc thong tin kénh truyen can nhiéu tir cac may phat
thir cap dén may thu so cap.

Bén canh vo tuyén nhan thirc, mang chuyén tiép duoc
gidi thiéu lan déu tién vao ndm 1971 boi Van der Meulen
[7], kénh truyén chuyen tlep (relay channel) la 1 kénh
truyen thong voi 3 dau cudi. Pac diém d& nhan ra cua kénh
truyen chuyén tlep la sy xuét hién cua thanh phan dau cu0|
goi lanat chuyen tlep (node relay), thuc hién nhiém vu tlep
nhan, xtr Iy va truyén di cac tin hiéu mang thong tin dé cai
thién hi¢u nang cua h¢ thdng. Ngoai ra, dya vao sb ching
(hop) gitra nat nguon va nut dich, ta c¢6 the phéan loai ky
thuat chuyen tiép 1am hai loai la chuyen tiép hai chang va
chuyén tiép da chdng. Trong chuyen tlep hai chdng, chi co
mot nat chuyén tlep thuc hién viéc truyen dir liéu den nat
dich. Nguoc lai, dbi vai chuyen tiép da chang: So nut
chuyén tiép thuc hién viéc truyén dit liéu tir nat ngudn dén
nut dich 1a tir 2 tro 1én.

Hon nita, c6 thé phan loai ky thuat chuyen tiép gom
ky thuat gidi ma Chuyen tlep vaky thuat khuéch dai chuyen
tiép. K§ thuat giai ma va chuyén tiép dugc biéu dién nhu
hinh v& bén dudi. Khi dit ligu dugc truyen tir NGt ngudn
dén nat chuyen tlep Tai day, nat chuyén tiép s& thuc hign
nhi¢m vu gidi ma va ma hoa lai tin hi¢u. Sau do tiép tuc
truyen tin hiéu da dwoc ma hoéa téi nut dich. Ky thuat
khuéch dai va chuyén tlep, nat chuyen tiép sau khi nhan
duoc dir liéu tir n(t ngudn s& khuéch dai tin hiéu va tiep
tuc chuyén t6i nut dich.

DPbi véi md hinh kénh truyen chuyén tlep thong
thuong, hé thong chi c6 duy nhat mot nat chuyen tiep dé
trg gitip cho duong truyen truc tlep tir nat nguon den nat
dich hoac sir dung nhiéu nit chuyen tiép ghép ndi tiép 1an
nhau tao thanh hé thong truyen thong da chang. Tuy nhién,
khai ni¢gm nat chuyen tiép trong hé thong théng tin vé
tuyén da duoc nang cao hon khi hé théng st dung nhiéu
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ndt chuyén tiép cung luc dé nhan tin higu (mot cum nat
chuyén tiép dat gan nhau) voi muc dich dé nang cao higu
nang hon nita cua hé théng Gia sir hé théng gom nat
nguon, nut dich va nh1eu ndt chuyén tlep thi qua trinh
truyén tin hiéu tir nat nguon dén nat dich can sy trg gip
cua nhiéu nat chuyén tlep va tai nut dich s& chon ra tin hi¢u
t6t nhat tir cac nat chuyén tiép dé gidi ma tin hi¢u nhan
dugc. C6 2 ky thuat chon lya nat chuyen t|ep bao gom: ky
thuat lya chon nat chuyen tlep tirng phan va ky thuat lya
chon nat chuyén tiép toan phan.

Déi véi ky thuat lya chon nat chuyén tiép timng phan
thi tin higu tir ndt nguon téi nit dich dwoc chia ra 1am hai
khe thoi gian. Trong khe thoi gian thir nhat, ndt ngudn
truyen tin hiéu tGi cac nat chuyén tlep tai day, cac nut
chuyén tiép s& nhan dugc tin hiéu va chon ra nat ¢ ti sé
SNR I6n nhét. Tiép theo, trong khe thoi gian thi hai, nat
chuyén tiép voi SNR 16n nhat s& dugc chon va truyén tGi
nit dich. Trong khi do, doi véi ky thuat Iya chon nit
chuyen tiép toan phan: Trong khe thoi gian dau tién, nat
nguon phat quang ba tin hi¢u cta no6 dén tat ca cac nat
chuyen tiép. Trong khe thoi gian tht hai, cac nut chuyen
tiép s& chuyén tiép dit liéu da nhan duoc tir ndt ngudn dén
nut dich. Tai dich, duong dit ligu nao cd SNR toan trinh
16n nhat s& duoc chon dé tién hanh giai ma.

Nhiing dong gop to 16n cua hai ky thuat vo tuyen nhan
thire dang nén va ky thuét Chuyen tlep da gop phan dang
ké vao su phét trién chung cua cac thé hé Mang di déng
nhu hién nay (4G). Tuy nhién, vai su phét trien nhanh
chéng cua so lugng ngudi ding dan den luu lugng mang
truy cap ngay mot Ién hon. Ngoai ra s6 luong két noi gitra
céc thiét bj can do tré thap va dd tin cay cao thi Can phai
c6 maot giai phap mai dé dap tmg dugc nhitng yéu Cau trén.
Mot trong nhung ing vién tiém nang dé la truyén thong
goi tin ngan, vai nhung tinh nang mdi hira hen s€ thao go
duogc nhirng han ché con ton dong trong mang di dong hién
tai. Th nhat 1a hd tro truyén thong tin véi dung lugng I6n
hon gitip tiét kiém dwoc thoi gian truyén nhan di ligu gira
cac thiét bj. Bén canh d96, chinh 1a kha nang truyén thong
tin véi thoi gian thuc khi ma cac thiét bi va con ngudi giao
tiép v6i nhau qua khOang cach xa, véi do chinh xac 1én dén
muc micro gidy va cho phép cac thiét bi ddng bo hoa thoi
glan Dé két ndi cac thlet bi theo thoi gian thuc, ddng nghia
Vi Viéc cac thlet bi can phai truyen cac goi tin dap ung
dugc cac yéu cau chit luong voi su rang budc ve do tré
phal cuc thap va d¢ tin cay cao. Chinh vi vay, truyen thong
goi tin ngan (short packet) [8 9] hign dang la ung vién
hang dau dé dap tmg duoc cac yéu cau nhu trén va ciing
da va dang nhan dugc nhiéu sy quan tdm cua cac nha
nghién ctru khoa hoc trén thé gigi.

Trén thyc té, cac cong trinh nghién cau vé vo tuyén
nhan thac trong nhitng nam trudce day thuc sy la mot con
s6 dang ké véi cac dong gop o nhleu I6p khac nhau dé hinh
thanh nén mot hé thong vo tuyén théng minh hoan chinh
[10-13]. Cu thé hon, tac gia trong [14] da dé xuét va khao
sat hé thong CR (Cognltlve Ratlo) két hop vai hé thong
mang femtocell dé hinh thanh nén mang truy nhap thé hé
mai. Ngoai ra, cong trinh nghién ctu trong [15] da dua ra
céc giai thuat sap xép va chia sé tai nguyén cho mang CR
két hop voi ky thuat MIMO (Multlple Input Multiple
Output) Bén canh huong nghlen ctu ve thiét ké va dé xuét
giai thuat phan phol tai nguyén, cdu hinh h¢ thdng thi
huéng danh gid chat luong hé théng cling thu hat duoc
nhiéu su quan tam khdng kém. Cu thé hon, tac g1a trong
[16] d& d4nh gi4 toan bo hiéu ning cua hé théng vo tuyen
nhan thirc da ching véi thong tin trang thai kénh truyén
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CSI (Channel State Information) la khéng hoan hao. Trong
cdng trinh ndy, téc gia da dua ra cac thong s6 diéu chinh
cOng suét phat va gia tri 16n nhét ciia né nham muc dich
khdng gay can nhiéu 1én hé thong O c4p ma van d¢am bao
duoc chat lugng cua hé thong the Cap Chét lugng cua hé
thong CR véi nhiéu niit so cap cling ton tai véi nhleu nat
thir cap duoc khao sat trong [17], cu thé cac thong sé xac
sut dimng hé thong, ti 1¢ 18i bit, va dung lugng hé thong da
dugc khdo sat véi cac truong hop kénh fading chon loc tan
s6 va kénh fading phang.

Ngoai ra, hi¢u nang h¢ thong chuyen tiép vai kg thuat
lya chon nat chuyén tiép tét nhat véi céc kénh truyen dac
trung da dugc khao sat trong [18], ¢ do tac gia da xac dinh
dugc Xac suat ding cua h¢ thong véi cac truong hop khac
nhau cia mang chuyén tiép. Ngoai ra, ky thuat lva chon
ndt chuyén tiép trong mot hé thong mang nhiéu cell da
dugc khao sat trong [19], trong d6 téc gla da khao sat xac
suit durng cua hé thong trong mot cell xac dinh vai sy tac
dong cua nhiéu dong kénh tir cac cell khac nhau, két qua
da chtiing minh rang bac phan tap cua h¢ théng 1a day du
va phu thugc vao so lugng nt chuyén tlep trong hé thong
XA4c suat dung cua hé thong mang thir cap su dung giao
thirc truyén tang cuong da dugc khao sat trong [20], véi hé
thong thir cap bi anh huéng can nhidu gay ra bai hé thong
SO cap, két qua phan tich cho thdy chat luong hé thong thir
cap phu thugc rat Ién vao can nhiéu gay ra bai hé théng so
Cap va sb lugng nat chuyén tiép. Ngoal ra, nhitng tinh nang
va lgi ich to 16n tir k¥ thuat chuyén tiép néu két hop Vi
cdng nghé truyén thdng goi tin ngan7hua hen s& nang cao
hiéu nang cua mang hon nira. Cy thé, trong bai bao [21]
cac tac gia da dé xuat mo hinh mang truyén thdng goi tin
ngin két hop véi ky thuat chuyén tiép theo phuong thirc
da truy nhap khong truc giao NOMA. Trong bai bao [22],
Yifan Gu va céc cong su da nghién cttu md hinh mang
truyen thong goi tin ngén str dung k¥ thuat khuéch dai va
chuyén tiép (AF). Céc nghién ciru nay déu chang minh
duoc hig¢u nang vuot troi cia mang chuyen tlep trong
truyen thong goi tin ngén. Theo toi dwoc biét, cho dén hién
tai van chua c6 cong trinh nghién ctru nao cho thay su két
hop cua mang chuyén tiép trong h¢ thong vO tuyen nhan
thuc dang nén sir dung truyén thong gai tin ngan.

Cu thé, nhiing dong gop chinh ctia nghién ctu nay bao
gom: (i) ching toi xay dung md hinh mang truyen thong
chuyén tiép sir dung goi tin ngan. (i) tinh toan ti 1¢ 15i khoi
theo mé hinh da dé xuat (iii) 1a khao sét s6 luong khéc
nhau cta nit chuyen tlepva anh huong cua chiéu dai goi tin
trong hé théng va cudi cung 1a (iv) véi cac gia tri h¢ so suy
hao khac nhau theo mé hinh dé xuét.

Phan tlep theo cua bai bao dugc trinh bay nhu sau.
Phan I 1a md hinh hé thong de Xuat trinh bay céach thac
truyen dir li¢u tir nut nguon dén nat dich vé6i sy hd trg cua
cé&c nut Chuyen tiép. Phan I11 trinh bay phuong phép phan
tich theo m6 hinh de Xuit dé danh gia chét lu’ong cua hé
thong vai théng sb ti 18 16i khdi. Phan IV 1a cac két qua
tinh toan s& duoc kiém chung lai bang phan mém Matlab
dua vao mé hinh da deé Xuat Cudi cing la phan két luan va
hudng phét trién cua dé tai.

1. MO HINH HE THONG

Trong nghién ctru néy, ching t6i dé xuat mé hinh mang
chuyen tiép st dung giao thirc Decode-and-Forward trong
hé théng vo tuyén nhan thirc dang nén sir dung géi tin ngin
nhu trong Hinh 1.

TAP CHI KHOA HOC CONG NGHE THONG TIN VA TRUYEN THONG 11
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Source Destination

Hinh 1. M& hinh d@é xudt mang chuyen tiép trong hé thong vo
tuyén nhdn thirc dgng nén sir dung goi tin ngan

Hé thong chuyén tiép sir dung truyén théng goi tin ngén
duoce trinh bay nhu trong Hinh 1. Trong d6, hé thong thu
cap bao gém mot nit ngudn (S), mot nit dich (D) va N
nat chuyén tiép, N =(L2,b,..,N) cing ton tai véi he
thong so cép dai dién boi mot may thu so cép PU. Gia s
dudng truyén truc tiép tir nguon dén dich 1a khong ton tai
do khoang cach xa hoic c6 nhleu vat cdn gitra ngudn va
dich, trong khi cdc nat chuyén tlep nam gan vat can hogc
gifra nut nguon va nat dich. Mi ndt mang tha cap va so
cap trong h¢ thdng duoc trang bi mot an-ten va hoat dong
& ché d6 ban song cong.

Kénh truyén cua hé thdng dé xuat duoc gia sir 1a kénh
truyen fading Rayleigh khong thay ddi trong mot chu ky
truyén dit liéu nhung thay doi trong céc chu ky tiép theo

Goi hy, va h 1ahé sb kénh truyén dir ligu tir n(t nguon
dén nit chuyén tiép thir k vatir nat chuyén tiép thir b dén
nat dich D. f; va f, 1an luot 1a kénh can nhidu tir méay
phét thir cip S dén may thu so cap PU va tr R, dén
PU. Ta ¢6 d¢ loi kénh truyén |hy|*, [hol*, |fs|* va |f[°
c6 dang phan bd mii véi théng s6 lan luot 12 A, Ap, A
va A, . Hon nita, dé don gian trong qua trinh tinh toan, ta
giasa Ay =4, A =4

Hé thong dé xuét sir dung giao thirc dang nén véi cong

sut phat ctia cac may phat thir cap bi rang budc boi hé s6
can nhiéu cuc dai |, :

pote (1)

voi i e {Sk}.

Gia sir thong tin trang thai kénh truyén CSI dwoc biét
tai tat ca cAc may thu. Thong tin truyén tir nit nguon dén
nat dich dugc gid st diénra trong hai khe thoi gian. Trong
khe thoi gian dau tién, nat nguon S truyén tin hi¢u dén tat
ca c&c nt chuyén tiép. Tin hiéu nhan duoc tai nit chuyén

tiép thr k 1a

Yk Z\/FShSkX"'nk! )

véi N, 1a nhiéu tring cong (nhiéu Gauss) tai nat chuyén
tiép thir k ¢ gié tri trung binh bang khdng va phuong sai
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N,, va x la thong tin ctia nit nguén mang ning lugng
E{x} =1 véi E{} latoan ti ky vong. Dong thoi, tai thoi
diém nay, hé théng lua chon ra nat chuyén tiép co SNR tét
nhat s€ ticn hanh giai ma dugc tin hi¢u da nhan duogc tur S.
Nguoc lai, cdc nlt chuyén tiép con lai sé gitt im lang va
khéng thuc hién gi ca.

Trong khe thi gian tha hai, nit chuyén tiép c6 mic
SNR t6t nhat s& chuyén tiep dit li¢u da nhan duoc tur S sau
khi da giai ma va ma héa lai theo ky thuat DF dén nat dich.
Tin hiéu nhan dugc tai nat dich tir nat chuyén tiép thi b
la

Yo =R hoX+n, . ©)

Tu (2) va(3), tacoty sb tin hiéu trén nhiéu trong khe
thoi gian thir nhét va thir hai lan luot 1a

R Rl
17/ - .
N, bb N,

Vsk = 4)

bat
trinh cua duong dir liéu qua nat chuyén tiép tha k .

=min(7g.%p) 12 SNR tuong duong toan

A. Phan tich hiéu nang hé thong
Dé tinh duoc ti 1 15i khdi, dau tién phai tinh dugc ham
CDF va PDF ciia timg dudng di liéu dudi diéu kién |f, |

Thay (1) vao (4), ta co

2
_ IPU|hSk|

IPU|th|2
= =, 5
Sk |fs|z NO ( )

[Ny

'/ kD

Sau mot sé budc tinh toén, ta cd két qua cia ham CDF
va PDF cua 7, lan lugt nhu sau:

Két qua ham CDF cua ,, la

F. (2)=Pr(y <2)
PU|hSk|
(Nm - ©

I+a

Két qua ham PDF cua yg, la
o
f (2)=——=. (7
(z+a)
Tuwong tu, ta cling tinh dugc két qua ham CDF va PDF

cua 7,, lan luot 1a

F}/kD (Z) = Pr(ykD < Z)
_Z ) (8)
- 2+ p
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N
ou (p—H] ZFl[N,1+N,2+ N,—p—H}
o

a

BLERg, =v+/m| -Gamma[L+ N]x . 7
—pL(&j 2F{N,1+N,2+N,—&}
(24 (24
Py
BLER,, ~vi/m [ F,_(r)dr
P
Py
~win (-2 Jor 19)
PL }/+ﬂ
~vm[-p_+p, +BL0g(p, +B)- BLog(py + )]
o ak, _ 1 1
51 f=—1o Voi v=——n , 0=2"-1, =0+
vet 2 RPN P 0dm
5 1
f (z)= . 9) 2om
}/kD( ) (Z+ﬂ)2

B. Til¢ 16i khai cua hé thong

Trong truyén thong goi tin ngan, khi chiéu dai khéi tin
du 16n, ti 1€ 161 khoi (BLER) trung binh dugc Xap xi nhu
trong [9, Eq. (59)] va [23, Eq. (4)], theo tung chiang. Cu
thé, trong mé hinh d& xuat, BLER cua chiang thir nhat la

C(VSk)_r
(m)/m] -
X):ixfx(x)dx.

Viét lai biéu thie (10) & dang twdng minh, ta c6 BLER
trung binh duoc tinh lai nhu sau:

C(7Sk)_r
(75k)/m

BLERg, ~E,_ Q[

véi E(

BLERg, = TQ{ ] fySk (7)d7: (11)

vai fy (x) 1aham mat do x4c suét caa bién ngau nhién X .

C(?/Sk)_r
(7sk)/m

tap nén s& kho tim ra biéu thuc dang tudng minh (close-
form expression). Ap dung [24, Eq. (14)], ching t6i tién
hanh Xap Xi ham Q() nhu sau:

Trong (11), dé tinh ham Q[ ] rat phuc

Q(—C(ysk)_r JL Z(74), Vi
(7s)/m
1 Ys« S PL
Z(7s)= %—Uﬁ(m—ﬁ), P <V <pu, (12)
0, Vs = P
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Thay (12) vao (11), BLER,_~ duoc tinh nhu sau:

BLER,, = j Z(7s) . (7)dy
(13)

- U\/_J. VSK
Thay (6) vao (13) , ta c6 két qua cua BLER, la

Py N
BLERg, =vi/m | (LJ dy.  (14)
s\ rta

Dya vao phan mém mathematica, tich phan cua cong
thac (14) cé két qua nhu (15) ¢ dau trang bén trén.

Trong md hinh dé xuit nay, chlng toi lya chon k¥ thuat
lga chon nat chuyén tiép tung phan (Partlal Relay
Selection - PRS), tuc la trong k nat ghuyeq tiép lya chon
ra nat chuyén tiép cé SNR cao nhat dé chuyén tin hiéu dén
nut dich. Gia sat R, 1a nt chuyén tiép duoc lya chon, ta
cod

b=arg Thax g, (15)

Tuong tu, tiép theo la BLER tai chang thir hai, dir li¢u

truyen tir Gt chuyén tlep t6t nhit dén D duoc tinh toan va
c6 két qua nhu (16) ¢ dau trang.

Ky thuat giai ma va chuyén tiép c6 lya chon (SDF) la
mot k¥ thuat duoc ap dung tai nut chuyén tiép véi co ché
la néu nat chuyeén tiép khong gidi ma dang dir ligu nhan
dugc thi s& khong chuyén tiép thong tin dén nat tiép theo
[25].

Gia str cac ndt chuyén tiép sir dung ky thuat SDF nén
ti 16 13i khdi toan trinh duoc tinh theo cong thirc

BLER,,,=BLER,, +(1-BLER, )BLER,.  (16)
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ll. KET QUA MO PHONG

Trong phan nay, ching toi st dung phuong phap mo
phong Monte-Carlo trén phan mém MATLAB va sach mo
phong [26] dé kiém chang két qua ly thuyét da duoc phan
tich trong mo hinh dé xuat.

A.Tham so kénh truyén va hé thong

Pé don gian va khong mat tinh tong quat, chung t0i
xem xét mo hinh dé xuit duoc dat trong mat phang toa do
Dé-cac hai chiéu, véi nit ngudn va nat dich tht cip ¢ toa

d6 lan luot ndm tai vi tri (0,0) va (1,0). Hon nita, vi tri
cia ndt ngudn va nat dich duoc gia sir 1a khong thay doi
trong suot qué trinh md phong. May thu so cap, cac nat
chuyén tiép dwoc dit tai cac toa do lan lugt 12 (Xay, Yoy ),
(Xgi» Yai ) - Tiép theo, xét kénh truyén chuan héa véi cong
sudt nhidu 1a o® = 0dBm . Céc thong sé dé thuc hién md
phong nhu sau: sé bit thong tin 1a =256 va chiéu dai
khdi m=256. Tuong tu nhu cac thong sb trong [27], do
loi kénh trung binh dugc tinh theo md hinh suy hao trong
khong gian ty do 1a ©, =d,”, véi 1 1a h¢ s suy hao cia
kénh truyén (gia tri caa 7 la tir 2 dén 6). Trong mo hinh
dé xuét, chung tdi st dung 7 = 3. Ngoai ra, chung t6i ciing
gid str rang cong sut phat ciia ndt ngudn thir cap va nt
chuyén tiép la bang nhau va gia tri duoc khao sat la tir
0dBm dén 30dBm.

C.Két qua md phong va thdo lugn

Hinh 2 trinh bay anh huong cua sb nat chuyén tiép
trong mé hinh dé xuat Ién BLER cua hé thdng

10° "
*  Simulation

Analysis

e
Wtk
o

0 5 10 15 20 25 30
Average SNRs

Hinh 2. Anh hwéng cua sé nlt chuyen tiép 1én xac sudt I4i
khdi ciia hé thong

Pau tién, chlng toi s& khao sat anh huong cua s6 nat
chuyen tlep [én hi¢u nang cua h¢ thong nhu Hinh 2. Rd
rang, véi so luong nat chuyén tiép nhiéu hon s& cho ta thay
chat lugng h¢ thong dugc cai thién. Cu thé, theo Hinh 2,
Vvéi s6 lugng nat chuyén tlep la2 t6t hon so véi 1. _Ngoai
ra, khi s6 lugng nat chuyen tlep I6n hon 2 thi ti I¢ 15i khéi
gan nhur khong giam. Dleu nay thé hién rang hi¢u nang cua
hé thdng tt hon khi chi can toi da 2 nat chuyen tiép. Hinh
2 cling cho ta thiy duoc két qua duong ly thuyét (Analysis)
gan nhu trung khop véi cac dudng md phong (Simulation),
dac biét la & muc SNR cao.
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Tiép theo, chiing toi khao sat ti I¢ 15i khoi BLER la mot
ham theo d¢ dai khoi m nhu Hinh 3 d¢ tim ra m t6i wu cho
hé théng da dé xuét.

0

10'

BLER

*  Simulation 10 dBm

107!

Analysis 15 dBm
Analysis 20 dBm

L L L L L
100 200 300 400 500 600 700 800 900 1000

Hinh 3. Anh hwéng cia chiéu dai géi tin véi hé thong

Hinh 4 mo ta gié tri cia hé s6 suy hao kénh truyén
theo BLER theo mitic cong suat lan luot 1a 10, 15 va 20
dBm va cAc gia tri ciia 7 thay doi tir 2 dén 6. RS rang, khi
tang hé sb kénh truyén Ién, vé mit tong thé, ta thay rang
gia tri BLER trong 3 truong hop ciing tang theo. Ngoai ra,
trong Hinh 4, khi gia tri Cong suat phat khac nhau ciing din
dén ti 1& khéi ciing duoc glam dang ké. Cu thé, ta thay rang,
khi gia tri cong suat phat cang cao thi BLER cang c6 xu
hudng giam.

10

BLER

*  Simulation 10 dBm
*  Simulation 15 dBm
Simulation 20 dBm
Analysis 10 dBm
Analysis 15 dBm
Analysis 20 dBm

. . . .
2 25 3 35 4 45 5 55 6
7

Hinh 4. Anh hwong ciia hé sé suy hao trong hé thang

IV. KET LUAN

Trong bai bao nay, chung t6i da d& xuit mang chuyén
tiép s dung g6i tin ngdn trong hé thong vo tuyén nhan
thirc dang nén. Theo kénh truyen fading Rayleigh, chung
t6i da duara biéu thirc dang dong cho ti 18 13i khdi cia md
hinh d& xuat. Bén canh do, chung t6i cung dé dua ra dugc
biéu thic tinh tiém can cua h¢ thdng ¢ dai cong suat phat
cao. Cac két qua phan tich s trong mo hinh dé xuat déu
trung kheop véi ketqua mo phong Monte-Carlo. Cu0| cung,
khi xét tong quan ve h¢ thong, rd rang, néu xet yéu t6 so
lugng nat chuyen tiép trong hé thong ta thiy rang Vi cac
thong s6 da thiét lap thi véi gia tri s6 ndt chuyén tlep bang
2 1a dam bao phat huy duoc hiéu ning cta hé théng.

LOI CAM ON

Nghién ctru nay duoc tai tro bsi Hoc Vign Cong Nghé
Buu Chinh Vién Théng trong dé tai c6 ma sb 07-2023-
HV-VT2.
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Cambridge

ANALYSIS OF THE PERFORMANCE OF
FORWARDING NETWORKS USING THE
DECODE-AND-FORWARD PROTOCOL IN
UNDERLAY COGNITIVE RADIO SYSTEMS
USING SHORT PACKETS

Abstract: In this paper, we propose a design for a
communication network using short packets with the
support of forwarding nodes to ensure network quality and
limit the effects of adverse terrain conditions for
information transmission in the wireless environment. The
parameter to analyze to ensure network quality is the block
error rate. Moreover, the position of the relay nodes is also
investigated to verify the impact of adverse conditions
from the terrain. In addition, the value of the attenuation
coefficient at different power levels is also investigated in
the proposed model. The analysis results are validated by
Monte-Carlo simulation results.

Keywords: fading Rayleigh, Decode anh Forward,
Relay, Blocklength Error Rate, Short Packet.
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