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Tom tat- Trong bai bao nay, ching t6i & xuat mé hinh
mang chuyén tlep hai chang trong mdi truong Vo tuyen
nhan thic dang nén tng dung vao truyen thong goi tin
ngan. Ky thuat lya chon nat chuyén tlep tang phan (PRS)
dugc ap dung cho mot tap da nit chuyen tiép va ky thuat
ti s6 két ho’p cuc dai (MRC) dugc ap dung cho mot tap da
anten tai may thu. Biéu thirc dang twong minh (closed-
form expression) cho thong sb ti 1& 15i khoi (BLER) duoc
Chung t0i chiing minh va st dung dé danh gia hidu ning
mo hinh hé thong. Sau d6, mé phong Monte-Carlo duoc
chang t6i thyc hién dé kiém chung lai cac két qua vira
chimg minh dugc. Két qua md phong cho thay hi¢u nang
vuot troi cia mé hinh hé thong duogc dé xuét. Bén canh do,
chung t0i cling khao sat va xac dinh duoc cac gia tri t6i uu
cua cac thong sd thlet ke I&n hiéu nang hé thong nhu sd
lugng nat chuyén tiép, s6 lugng anten tai may thu va chiéu
dai khoi tin. Bac biét, ching tdi con so sanh hiéu nang hé
thong trong hai truong hop st dung ky thuat glal méa va
chuyen tlep c6 chon loc (SDF) va k§ thuat giai ma va
chuyén tiép cé dinh (FDF).

Tir khéa- Giai ma va chuyén tiép, kénh fading
Rayleigh, lya chon chuyén tiép ting phan, ti 1¢ 18i khéi, ti
s6 két hop cyc dai, truyén thong goi tin ngan, vo tuyén
nhan thuc dang nén.

I.  GIOITHIEU

Pé ting kha nang chéng nhiéu, truyén thong diém ndi
diém trong cac hé thong thong tin thuong sir dung gdi tin
dai. Tuy nhién, cac tng dung Internet van vat (IoT) trong
mang vo tuyén thé hé thir naim (5G) lai yéu cau chat luong
dich vu (QoS) cao va do tré thip. Truyén thdng voi do tré
cuc ky dang tin cay (uRLLC) I& mot trong nhitng giai phap
duoc lya chon cho van de nay. Day 1a mét trong nhirng dich
vu tiém nang moi trong mang vo tuyén thé hé thir nim (5G)
dé giam do tre truyén [1-3]. Tuy nhién theo cach tiép can
nay, hiéu suat khong thé duoc cai thign t6t nhu ching ta tuy
¥ mong mudn véi mot toe do ma hoa nhat dinh nhu truyen
thong g6i dai do bi gisi han vé kich thudc goi. Lay y tudng
tir viéc khac phuc nhuge diém nay, Polyanskiy va cac cong
su trong bai bao [4] da phat trien mét khung tién phong cho
truyen théng goi ngan. Pay 1a mot cach tiép can moi véi
gioi han kha nang dat dugc mai, rang budc chat ché cac
gidi han co ban cho d6 dai khdi xac dinh 1a 16n hon hoic

Tac gid lién hé: V3 Nguyén Qubc Bao
Email: baovng@ptithcm.edu.vn
Deén toa soan: 9/2020; chinh stra: 10/2020; chap nhan dang: 12/2020

SO 04B (CS.01) 2020

biing 100 va tée d6 truyén téi da xép xi C—W /mQ (&),
Vv6i £ latilé 16i khdi (BLER), m la chiéu daiv khéi tin, v
la @6 phén tan kénh, C 1a dung lugng chuan hda kénh
truyén Shannon va Q'(.) I1a ham nguoc cia ham Q-

function dugc dinh nghia trong [5] Piéu nay khong chi mo
ra cdc huéng nghlen cru mai ¢6 nhiéu tiém ning trong
truyén théng goi ngan ma con co tac dung xem Xxet lai cac
phuong phép tiep can trong cac h¢ thdng truyén théng vo
tuyén thong thuong.

Bén canh d6, khi khoang cach giita hai thiét bj dau cudi
qua xa, néu muon truyen dir ligu tryc tiép thi phai tang cong
suit phat I&n rat Ion, didu ndy s& gay nén anh ‘huong can
nhleu lén cac nguorl dung khac cua hé théng. Dé giai quyét
van dé nay, mot giai phap htu hiéu da va dang thu hit dugc
nhiéu su quan tdm cua céc nha khoa hoc trén the gioi hién
nay tap trung nghién ctru d6 1a mang chuyén tiép [6-11]. Vé
co ban, c6 hai k¥ thuat ndi tiéng duoc str dung dé xir Iy tin
higu tai nat chuyén tiép 1a ky thuat khuéch dai va chuyen
tiép (AF) [12-14] va ky thuat glal ma va chuyén tlep (DF)
[15-17]. Tan dung uu dlem nay ket hop véi wu diém cua
truyén thong goi tin ngan, mot so cong trinh nghlen cuu
khoa hoc da duoc tién hanh. Trong bai bao [18], cac tac gia
nghién cau vé hiéu»néng trong mang chuyen tiep hai chang
lya chon nGt chuyén tiep ting phan ng dung vao truyen
thdng goi tin ngan. Hai dong gop chinh dugc ghi nhan tur
nghién cuu nay la biéu thire dang déng vé ty 18 16i khéi cua
hé thong va biéu thic tiém can don gian cho ty I¢ 15i khoi
cua hé théng ¢ nhirng ving ti sb tin hiéu trén nhidu cao
duoc chimg minh va thu duge dudi dang twong minh.
Ngoai ra trong bai bao [7], Xiazhi va cac cong su da de XUuét
mo hinh mang chuyén tiep hai chiang c6 duong truyen truc
tiép &p dung trong truyén géi tin ngan va cé két hop véi
phuong thirc da truy nhap khong truc giao (NOMA). Cac
két qua tir cong trinh nay cho thay rang hiéu ning mo hinh
khi c6 ap dung mang chuyén tiép vuot troi hon so véi mo
hinh truyén tryc tiép. Ngoai ra, bai bao con co hai dong gop
chinh khac nhu higu suat toan trinh cta hé thong duogc cai
thi¢n déng ké do cac nat chuyen tiép hd tro truyen gitra nut
nguon va nat dich ma khong can tang cong suat phat qué
I6n va hi¢u nang cta h¢ thong s& duoc cai thién néu ching
ta cang tang chiéu dai khdi tin.
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Hon nira, vo tuyén nhan thic ciing 1a mot tir khda hap
dan khdng kém so véi mang chuyén tiép ma chdng toi vira
dé cap [19-21]. V6 tuyén nhan thirc 13 mot hé thdng truyén
théng khdng day théng minh c6 kha nang nhan biét su thay
doi cuia moi truong xung quanh va tir do, cac thiét bi s& co
kha nang diéu chinh cac tham s6 hoat dong (cong suat
truyen, tan so séng mang, phuong thirc dicu che,...) trong
thoi gian thuc véi do tin cay cao va hiéu qua st dung pho
[21]. Trong bai bao [22], Duong Quang Trung va céc cong
su d4 khao sat xac suat ding cua cac mang chuyén tiép AF
hai chang trong méi truong vo tuyén nhan thic trén kénh
Nakagami- m. Ngoai ra, Krzysztof va cac cong sy trong bai
bao [23] da khao st viéc tich hop mang chuyén tlép trong
moi truong vb tuyen nhan thirc. Céc két qua tir cac nghién
ctru trén déu cho thay hiéu néng vuot troi caa mé hinh hé
thong st dung mang chuyén tiép két hop trong maéi truong
vo tuyén nhan thirc.

RG rang, md hinh két hop ca mang chuyén tiép va vo
tuyen nhan thac sé tan dung dugc uu diém cua nhau va
dong thoi ciing han ché cac nhugc diém. Cu thé, mang vo
tuyen nhan thic ¢6 thé tan dung wu diém tir mang chuyén
tlg:p it nhat ¢ hai khia canh: (i) thtr nhét, cc nit mang thir
cap sé c6 the hop tac va chia sé voi nhau thong tin nhan
dang bang tan dang trong ctia mang so cap, tir d6 cai thién
hiéu suét sir dung pho tranh lang phi ph khi khong st
dung; (ii) thu hai, chat luong cua ca mang so cap va thir Cap
deu ¢6 thé dugc cai thién voi sy hd tro cua cac nit chuyen
tiép. Bén canh do, cac nhuoc dgem cua mang chuyen tlop
duoc giai quyet dua vao uu dicm tinh chat cua vo tuyen
nhan thirc d6 1a cai thién hi¢u SUAt sir dung pho tan dang ké
(pho tan duoc st dung theo thoi gian, tan so va khong gian
nhiéu hon, it thoi gian bo trong hon) va mang, vb tuyen nhan
thirc cho pheép trién khai cac dich vu vo tuyen mai ddi voi
ca nhimg bang tan ¢ hiéu suat sir dung pho thap.

Tt nhitng nghién ctu lién quan trén, trong bai bao nay,
ching toi khdo sat vigc tich hop mang chuyén tiép hai
chang DF véi da nat chuyén tlep trong moi truong vo tuyén
nhén thic véi da anten tai may thu trong truyén thong su
dung goi tin ngan. Mot s6 déng gop chinh tir bai bio nhur
sau:

i) Ky thuat lya chon nit chuyén tiép tung phan (PRS)
duoc ap dung cho mot tap da nut chuyén tlep dé chon
ra n(t chuyén tiép tot nhat va tién hanh chuyén tiép goi
tin cho chang sau. Ky thuat ti s6 két hop cuc dai (MRC)
duoc &p dung cho mot tap da anten tai may thu nham
muc dich cai thién do phan tap khéng gian hé théng,
tang do tin cay va do loi phd.

ii) Panh gia hiéu ning vuot troi cia md hinh hé thng
thong qua thdng sb ti 1& 15i khdi toan trinh. So sanh hiéu
nang hé théng trong hai truong hop sir dung ky thuat
giai mé va chuyen tiép c6 chon loc (SDF) va ky thuat
giai md va chuyen tiép cd dinh (FDF). Tim racac gia tri
t6i wru coa so luong nat chuyen tiép, s lwong anten tai
may thu va chiéu dai khéi tin.

Phan con lai cia bai bao dugc trinh bay nhu sau. Phém
IT s€ trinh bay m6 hinh ctia h¢ thong mang chuyén tlep hai
chang véi da nut chuyen tiép va da anten thu tai may thu
trong moi trudng vo tuyen nhan thirc. Phuong phap phan
tich theo m6 hinh dé xuat dé danh gia chat luong ciia hé
thong vai thong sé ti 18 18i khéi s& dugce chimg minh trong

1Giatricia n=LN va m=LM s&duoc sir dung xuyén sudt bai
béo.
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Phan 1. Ph?m IV, ching t6i s€ ‘gién hanh mo phong Monte-
Carlo d¢€ kiém chimg lai cac ket qua ly thuyet trong phan
III. Cuoi cung 1a phan két ludn cta bai béo.

. MO HINH HE THONG

Chling t6i xem xét mang vo tuyén nhan thirc dang nén
trong chuyen tiép hai chang st dung k¥ thuat PRS va MRC
trong truyén théng goi tin ngan. Mang géom N nat chuyén

tiép 1a R,,...,R, Cac nut chuyén tiép nay s& hd tro viéc
truyén dit lidu tir may phat tha cap (S) dén may thu thi
cap (D). Trong md hinh nay, hé théng mang thir cap hoat
dong véi muc can nhidu t6i da ¢6 thé chip nhan duoc tai
mdy thu so cap (PR) duge xéc dinh 1a |, . Trong mang,
ngudn phat S va cac nit chuyén tiép Rn(n:L_N) dugc
trang bi mot ang ten duy nhét, ngudn dich D dugc trang bi
da dng ten M, (m 1M ) 1. Hé théng hoat dong véi ché do
ban song cdng trong hai khe thoi gian nhu Hinh 1.

Hinh 1 M6 hinh mang vo tuyén nhan thic dang nén trong
chuyén tiép hai chang voi PRS va MRC trong truyén
thdng goi tin ngan.

Mot s thong sb vé hé sb kénh truyén dwoc quy wdc
nhu saw: h,, N, h va g, lan luot 1a hé s kénh
truyén cho cac dwong truyén tr S—PR, R, > PR,
S—»>R,vaR,—>D.

Trong khe thoi gian dau tién, voi ky thuat PRS, nat
chuyén tiép c6 ti s6 tin hiéu trén nhleu (SNR) cao nhét s&
duoc lya chon lam nat chuyén tiép tét nhat nat chuyen tiép
toj[ nhét nay oo nhiém vu giai ma va tiép tuc truyén dix Ile;n
den chang tieép theo. Gia st R, 1a nut duoc lya chon dé
truyén chuyén tiép trong N nit chuyén tiép [24, 25], ta co
b= arg max 7, ,, véi 7, 1ati s6 SNR caa duong truyén

S— Rn . GQI 7y, lati s6 SNR tong hop cua toan chang 1,
do sir dung k¥ thuat PRS, 7, s& bang SNR 16n nhét trong

tit ca cac nhanh y, , , ta c6 thé viét

)
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Goi P la tong cong sut nguon duoc phan bo cho nit
phatthacap S va R, . V&i méi treong vo tuyén nhan thic
dang nén, nang luong truyén tai S va R, s& bi gisi han
sao cho nhidu gay ra cho may thu so cap PR phai nho hon
mot ngudng nhidu c6 thé chiu dung duoc | o - Khi do, cong
suat truyén tin higu tai S va R, c6 thé dugc tinh nhu
trong [26]:

)

va

P
21
rp

Pl (3)

Ti s6 SNR tai R, trong ching dau tién cho duong
truyén S — R, ¢ thé dugc tinh nhu sau:

R 2 . 71— 2
71,n:_s|hn| =min Lza?/P |hn| ) (4)
NO S b
R P
Véi 7, N 7p "N va N, la céng suat nhiéu
0 0

Gauss tring cong (AWGN). Xét trong méi truong Rayleigh

2 . .
fading, ‘hs,p‘ va |hn|2 s& tuan theo phan bb mii c6 tham s
dic trung lan luot 12 4, va 4.

Ham phan b6 xac suat (CDF) cua 7, c6 thé dugc tinh

nhu sau
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TP =) -TTF ()

n=1 n=1

©®)

Trong (5), chung ta can tinh ham CDF cia Y1, hhu
trong (6).

A A  n 2 2 , 2
Do su doc lap gilra |h5,p| va |hn| , 1y, c6 thé duoc

viét thanh
ny[* <2

et ploe=7)
_ (7
= (1—exp (—25, b ;—;D(l—exp[—ﬂin %B

R rang, xac suat |, khong phai la xac suat cua cac
bién ngau nhién doc 1ap do ca hai sy kién cua | ,, déu co

chira bién ngau nhién |hs,p|2 . Do @6, chung ta sé st dung
ly thuyét vé xac suat ham hai bién ngau nhién khong doc
lap [27] dé tinh | ,,.Khido, | ,, s& duoc tinh nhu trong
biéu thirc (8).

Thay (7) va (8) vao (6), sau d6 thay vao (5), ta thu
dugc CDF clia y; nhu trong (9). Chl y rang voi gia st
kénh truyén tr S — R, 1a kénh fading Rayleigh c6 phan
bé doc lap va dong dang, ti sé tin hiéu trén nhidu trung
binh tai méi nhanh Vin S€ déu bang nhau va bang mot
hang s6 dugc ky hiéu 1a 7, , nghiala 7,, = 7;. Dé don gian

4

nhung khong mat tinh téng quét, ching toi gia st 4,
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Trong khe thoi gian the 2, ti s6 SNR thu dugc Cla dng
ten tht m tai nut dich, twong tng duong truyén tur

R, & M,,, dugc xéc dinh nhu sau:

T lloml’ (10)
rp

Vo m =Min

2 5 .
v6i ‘hr' p‘ va |gm |2 déu tudn theo phan bo mil v&i tham
sb dac trung lan luot1a 4, , va 4, .

Gia st rang R, sir dung ky thuat DF dé giai ma va
chuyén tlép tin_hi¢u dén D. Tai nut dich D, khéng c6
duo’ng truyén hoi tiép, nit dich D sir dung k¥ thuat MRC
dé cai thién do phan tap khong gian hé thong.

Trong ky thuat MRC, ti so tin hiéu trén nhiéu tai ngd
ra 1a tong cua tat ca cac ti s6 SNR trén cac nhanh. Do do,
ti so tin hi¢u trén nhidu cta tin hiéu nhan dugc sé ting
tuyén tinh véi sb dng ten tai phia mdy thu D. Trong khe
thoi gian ndy, ti s6 tin higu trén nhidu tai D c6 thé dugc
tinh

M
S DNel @)
m=1

rp

M
= Yy =Min
m=1

Gia st duong truyén R, —M_ ciing 1a cac kénh
fading Rayleigh doc lap va dong dang, ta c6 7, = 7,-
Pon gian nhung khong mét tinh tong quét, ching toi gia

st b =4,.

Trong truong hop nay, do |gm|2 tuan theo phan b6 mi
nén y,, s&co phan b chi-binh phuong [28] véi ky vong
la 7, =My, va phuong sai la 2My,. Ching ta c6 ham
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PDF va CDF cuia phan b chi-binh phuong véi bién ngau
M

nhién Z:|gm|2 nhu sau
m=1

ﬂQMmXMfl
f, =220 exp(— Ay 12
S0, ")) oo e) (2

va

Fu X)=——0n— (13)
;gmz( ) I(

X
v6i Y(a,X)= Ie‘tt“‘ldt 1a ham Gamma khong hoan
0

thanh can duéiva I'(z) = J.e’ttz’ldt 13 ham Gamma duoc
0

dinh nghia nhu trong céng thuc [5, CT. (8.350.1) va CT.

(8.310.1)]. Dya vao cong thic (11), ham CDF cua y;,

dugc tinh nhu trong cong thirc (14).
Twong ty, do tinh cht doc 14p gitra hai bién ngiu nhién

M
|hryp|2 va Z:|gm|2 , I3, c6 thé duge tinh nhu trong cong

thue (15), voi (a) la budc ap dung cong thuc [5, CT.
(8.352.6)].

Chung t6i s& dua vao ly thuyét xac suat ciia ham hai
bién ngau nhién trong [27] mét lan nita dé tinh toan |, .
Khi d¢, |, duoc tinh toan nhu trong cong thirc (16), véi
(b) 1a budce 4p dung cong thirc [5, CT. (3.351.2) ], (c) la
buéc 4p dung cong thac [5, CT. (8.352.4)] va
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[(ex)= [¢'t*dt 1a ham Gamma knong hoan thanh
X

can trén dugc dinh nghia nhu trong [5, CT. (8.8350.2)].
=4,, ham CDF cua ching
hai F, (7) duoge tinh toan nhu trong (17) bang cach thay
thé (15) va (16) vao (14).

Cubi cung, véi gia st 4, ,

. PHAN TICH Ti LE LOI KHOI HE THONG
Gia st rang chiéu dai tong khéi truyén la k , do dai
khoi truyen trong mdi ching dugc chia déu 2 k/2. Ching
t0i gia su rang kénh truyen la kénh fadlng tinh [29], véi hé

s6 kénh truyen dugc c6 dinh trong moi kho| va chung thay
dbi doc lap giira cac khdi. Khi S truyén B bit thong tin

t6i D qua hai khe thoi gian, ching ta c6 ti 18 15i khéi duoc
tinh la

r= 27'8 (18)

Chiéu dai khdi tin dugc yéu cau tdi thiéu 1a 100 [30].
Goi C(x)=log,(1+x) l1a dung lwong chuan héa kénh

truyén Shanon va V (x)= 1—% (log,€)” Ia ham
(1+x)

phan tan kénh truyén dugc dinh nghia trong [4], ti I& 15i
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khbi BLER trung binh c6 thé duoc tinh nhu trong [29, CT.
(59)] va[31, CT. (4)] nhu sau

_ C(yx)-r
A {Q[ () K } o

voi &, 1a ti 1¢ 18i khéi (BLER), Xe{Z,5,}, E{} Ia

[——J dt 1a ham Q-

toan tir ky vong va Q N jexp

function .

Tir (19), ti 18 18i khéi trung binh BLER ¢ thé duoc tinh
todn nhu sau

(20)

zI ( /_yx)/kJ (»)dy,

véi fy (X) 1aham mat do xac suét cua bién ngau nhién X

C (;/X ) -r

(]/X)/ k

rat kho dé tim ra biéu thirc dang tuong minh cua BLER
trong (20). Do d6, chiing ta s& tinh xap xi ham Q(.) nhu

Do biéu thirc Q[ ] rat phuc tap, ching ta
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N

n

y) (d) el NN A
~v\/_.f I-fu+(l-u)—=2— lexp(-uy) dy:v\/FJ. Z( j(—l)”l U+(l-u)——=— | exp(-uny) dy
/1 +/117 p| m=0 n ﬂ’s,p+/11£
7
(d) NN n n, p( /m}/)
=wk -1)" (1 :
V\/_[J:r;)[nlj( ) nzzo[nzju ( U) (0“*‘7)
1- Nuexp(-uy)—(1-u) Nalw+ i(N](—l)"1 u™ exp(—uny)
& a+y a2\
k[ N exp(-uny) & exp(—pny)
AL +Z[ j U '(1-u)a 1 ( j mz( Junl " (1- u s :
a+y nlz o2\ M (a+7)"
Py Py Py N
I(l— Nuexp(—zy))dy + j—(l—u)N v+ j ) j )" u™ exp(—uny)dy
AL L o m=2011
:VW e N (N " 5 Py N n, ( )
1) nutt(1-u 4d+ 1)* (ju"l”lu el el V4
[ maet ,,hzi o E o orer T
Jyg Js
(23)
. Cyy)-r V(N (—l)r'-“rlu”1
trong [30, CT. (14)], cuthé la Q| —=— |L Z(1y). Js=z ny T[EXP(WWH)—GXP(—#ML)}
7/x)/k n=2
véi (25)
1 y <P Sfr,dung cbng thire [5, CT. (3.352.3)], J , va J , cOthé
1 duoc tinh
Z =<=—-vi/k -0), , 21
() 2 Y (7/X ) PLST <Py (21) J 2=—Na{EI[ a+py) ] EI[ a+p) y]}
0, 2P (26)
N
Py =0+—— N 1) nut(1-u)aex
vive— Lt g1 ZVJ_ va 3422 [nl]( ) mu™ ™ (1-u ) erexp oy ) |
2727 -1 o] . .
\ = ><{EI [—(a + P4 )ynl] —Ei [—(0{ +pL),unl]}
P —m. 27)
et
Thay the (21) vao (20), ta c6 voi Ei(x):_ITdt duoc dinh nghia theo [5, CT.
B~ [2(n) 1, (1)dr =[Z (7)o, (7) (B 22L.0)
0 0 bé tinh todn J ., ching ta sir dung cong thue [5, CT.
7_00 © e .
=|:Z(7/X)F;/X (7”‘ B _J‘F ( )dZ (7x) 22) (3.353.1)], J . dugc viét lai nhu trong (28).
- 0
Py
=wk [, (r)dr
AL
Thay (9) vao (22), sau do dat u =22 | a:ﬂs';: ' va
Ve

u=1-exp(—ua). Chlng ta c6 BLER tai khe thoi gian
thir nhit duoc tinh theo cdng thuc (23), ma & d6 chung ta
ap dung Iy thuyét nhi thitc Newton trong budc (d).

J, val, ¢ cong thuc (23) co thé dugc tinh mot dé
dang nhu sau

N
J1=pPu-pL +7u(EXp(—,UPH )_EXP(—/UPL ))'
(24)
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pLM=2 a+7

n,

IZ[ Je “Z[nzj e 1 o 2RI,

(a+7)

N

Zl(ns —1>!<—ﬂn1)<”

(ny—1)!

»"sY) [GXP(—PLﬂnl) _exp(=pn ﬂ“l)}
(pL+a)®  (pn+a)®

n=2 n,=2 +((quzn1—_)1)9Xp(a”nl){ [ (P +a),unlJ—Ei[—(pL+a),unl]}
(28)
Ezﬁvﬁ{PH *PL+%(9XD(*/JPH)*EXP(*/JPL)) Na E' a*ﬂH)ﬂJ ~(a+pL) J}}
" N N n-1 o a,
+VJ_Z[ j 1y Cexp(cstyon ) exp(—sm +v\/Fz [nl ™ myu" (1 u) aexp (auny ) (29)
n=2|  x{Ei[~(a+pp ) uny |- Ei[~(a+ pL)uny |
¥ (ng-1)! nl("z ") [exp —pLum) EXp(PH,Unl)]
n n 2 -1)! +a +a)®
e
2 %exp(aum){ [~(pr +a)uny |~Ei[ (L +a) ny |
N
EZZ:V\/E.f 1—(1—exp{—l,vp;//'Dle i exp[—j/'zy}/”‘l dy
v n (30)
Py M-1 2, ™ [;Ij rm exp(_iz}’J
+v«/ﬂ/1r,p2[] eXp[ /pr'J . A 47
o M=\ 7/} Ve m,! [/127+ﬂ'r J
7
7S 17 A 4
Jo=pa—p. (1 exp( —A, —PD%OE%{ (mﬁly PH} {mﬁlyﬁ/%j}- (31)
B
Lo A A &\ 7p Pu —PL
ﬂ“'”mz o[}’j exp[ ﬂ,pypjng_o m, !
Pu— P Put P A Pu—PL Put P (32)
S ( 2 ™' )exp[yp( 2 ™ D
m-1Y/ " (ﬂ?(pH _pLX +pH+pLj+ﬂ JmZHmS
7 2 s 2 nP

Thay thé J,, J,, J,, J, val, tuong ting tir cac
cong thuc (24), (26), (25), (27) va (28) vao (23). Chung ta
6 dugc biéu thic dang dong cua &; nhu trong (29).

Trong khe thoi gian thi 2, ti 1€ 18i khdi BLER z,,
duoc dua ra nhu trong (30).

Str dung cong thirc (3.351.2) trong [5] dé tinh toan J

khi d6 J , dugc tinh nhu trong (31).
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Viéc tinh toan J , rat kho theo cach théng thuong. Ap
dung ly thuyét Gauss-Chebyshev 1%t Quadrature tham khao
trong [32, Eq. (25.4.38)] va [33, Eq. (8.8)], J 4 duoc tinh
nhu trong (32), Vvéi w la sé lugng mau va
X, :COS[MJ.

4 2(//

Thay thé (31) va (32) vao (30), chiing t6i thu dugc biéu
thire dang dong cua &, nhu trong (33).
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&, =wk(py-p.)- vJ_[l exp[ ~J /i DMZmllZQ{ (ny+1,;:’pHJ—F{ny+l,;szj}

=

Ve )0 Mgl

(35)

(pH _pLXm +/OH+/0L) exp Z’Z(pH pLXm JrpH"'pLj
2 2 ‘ 2 Ve 2 ¢ 2

- m, +1-my
=1/ A PPy PutP), g
= 2 my 2 r.p

7

Néu tai nat chuyén tiép, ching ta sir dung k¥ thuat SDF
thi ti I& 15i khéi toan trinh (e2e) BLER cua hé thong duoc
tinh todn nhu sau

g +(1-2, )&

Khi nat chuyén tiép sir dung ky thuat FDF, ti 1¢ 18i khéi
toan trinh sé dugc tinh theo cbng thurc sau

e2e(FDF) — &, (1_522 )"’(1_521 )52

IV.  PHAN TiCH KET QUA MO PHONG

Trong phan nay chung toi thuc hién mo phoéng trén
phan mém Matlab va dya vao ly thuyét mo phong trong
[34] dé chtg minh tinh ding dan cua ly thuyét ma chung
t6i da phan tich trong phan 111 thong qua phép mé phong
Monte Carlo.

geZe(SDF) =

(33)

™

(34)

Céc thong s6 mo phong duoc sir dung trong bai bao
nay nhu so bit thong tin =128 va chiéu dai khoi
k =256 . Gia sir khoang cach tir S—D dugc chudn héa
bang 1, khoang cach cac duong truyén S—R,, S—PR

N A N 2 N 1 A
, R, > D va R, - PR dé¢u bang nhau va bang 3 de
dam bao murc do tdi wu vé mit cong suét phat va ti s6 tin
hiéu trén nhiéu cua hai chang tr S> R, tr R, > D la

t6t nhit vé mat 1y thuyét trong bai toan t6i wru cong suét
phat va vi tri ctia cac tram chuyén tiép, quy ude ky hiéu

dyr =dg, =d,g =dyp :%. Xem xeét md hinh suy hao

duong truyén don gian [35], céc hé sb niang luong kénh
trung binh la A =d), A =d), L, =d] va
Ao =07 vOi =3 lagiatri he; s6 suy hao duong truyén
duogc st dung trong bai bao nay. Mirc can nhicu c6 thé chiu
dung dugc 1, =6P, v6i & 1a hing sé duong khéc 0.
Trong bai béo nay, chung t6i gia st 6 =1, nghia la may
thu so cap PR ¢6 thé chiu dugc mirc can nhicu toi da
bang voi tong cong suat nguon phat. Do N, 1a hang so
khéc 0 nén ta cling c6 , = ;.

Trong Hinh 2, chiing t6i khao sat ti 1¢ 15i khéi BLER
1a mot ham theo SNR trung binh 7 =7, =7, . Ddng thoi,
chung t6i cling khao sat sy anh huong cia chiéu dai khi
tin K 1én hiéu ning hé thdng vai cac truong hop dic trung
nhu k =512, k=1024 va k =2048. Gii sit, s6 luong
nat chuyén tiép va sb lugng anten thu dugc cd dinh lan
lugtla N = 2 va M =2. Tur Hinh 2, chiing ta c6 thé thdy
rang cac két qua phan tich 1y thuyét (SDF Analysis va FDF
Analysis) hoan toan trung khép véi cac ket qua duong mo
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phong (SDF Simulation va FDF Simulation). Diéu nay
chimg minh ring cac phan tich 1y thuyet cua chung toi
trong phan 11 1a hoan toan chinh xdc. R rang, véi dai
SNR trung binh 7 thap, cu thé trong Hinh 2 1a nho hon
khoang 8dB véi k=512, nhé hon khoing 4dB véi
k =1024 va nho hon khoang 2dB véi k=2048, thi
BLER toan trinh cua ky thuat FDF nho hon ky thuat SDF.
Mic du, véi dai SNR trung binh 7 cao, BLER toan trinh
cua ca hai ky thuat la gin béng nhau. Nhung nhin chung
trén tong thé, hiéu ning hé thdng khi sir dung k¥ thuat FDF
van tot hon khi str dung ky thuat SDF. Do do, ching t6i s&
khao sat hi¢u nang hé thong dbi véi ky thuat FDF trong
cac khao sat tiep theo. Mat khac, trén tat ca cac dai SNR
trung binh 7 thi véi cac gia tri cang 16n ctia chidu dai khbi
tin k thi hiéu niang hé théng cang dugc cai thién. bPé ¢o
céi nhin khach quan hon vé sy anh huong ciia thong s6 Kk
nay lén hi€u nang hé thong, chung t6i s€ khao sat ti 1€ 101
khoi toan trinh 12 ham theo K nhu trong Hinh 3.

10°

k = 2048, 1024, 512 c.u. giam dan >
10° F

—P— SDF Ly thuyét
D> SDF Mé phéng >
—O©—FDF Ly thuyét
® FDF M6 phéng

1 f L

0 2 4 6 E; 1‘0 1‘2 1‘4 1‘6 1‘8 20
Ty s tin hiéu trén nhiéu trung binh [dB]
Hinh 2 So sanh ti & 18i khéi trong hai trwdng hop st
dung ky thuat SDFvaFDFvéi N=2 va M=2.
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—— Ly thuyét
A M6 phong
! !

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

Chiéu dai khéi tin k (c.u.)
Hinh 3 Anh huéng cda chiéu dai khéi tin 1&n hiéu ndng hé
théngvéi N=2 va M=2.

Tiép theo, trong Hinh 3, chiing t6i xem xét anh hudng
cuia chiéu dai khdi truyén 1én hiéu niang hé théng sir dung
ky thuat FDF, cu thé 1 chiéu dai khéi truyén k duoc khao
sat tir 100 dén 1000. Gia su, ) lugng nat chuyén tiép va
s6 luong anten thu duoc ¢b dinh lan luot & N=2 va
M =2. Van sir dung phuong phép kiém chung bang mod
phong Monte-Carlo, mot cach twong tu ddi véi tat ca cac
hinh khao sat trong bai bao, chung t6i déu thé hién duoc
su trung khop glua cac két qua 1y thuyét va két qua mod
phong. Piédu nay chimg minh dugc nhimng phéan tich va
khao sat hiéu ning hé thng voi sy anh huong cia cac
thong s thiét ké trong bai bao nay cia chiing toi 1a hoan
toan dang tin cay.

Hinh 3 cho chiing ta thdy rang khi cang ting gia tri ciia
chidu dai khdi tin k va SNR trung binh 7 thi hiéu ning
hé théng s€ dugc cai thién dang ké. Piéu nay ding nhu
chung ta mong doi. Tuy nhién, ching ta khong thé nao tim
ra dugc gia tri k tdi wu cu thé nao tir hinh anh nhén xét.
Bén canh d0, chiing ta phai can nhéc hai van dé trai nguoc
nhau vé chiéu dai khéi tin rang: i) chiéu dai khdi tin K vira
duoc danh gia 1a cang tang thi hi¢u nang hé thong cang t t6t
va ii) giam chiéu dai khéi tin s& giam dugc do tré truyén.
Do d6, gia tri K phu hgp nhét chi duoc chon khi dugc yéu
cu dap ng mot truong hop thiét ké hée théng va chét
luong dich vu cu thé. Vi dy, mot dich vu yéu cau ti 1€ 16i
khdi phai nho hon hodc bang 6x107, thi gi4 tri cta k
dugc chon tmg véi timg trudng hop cong sudt phat 10, 15
va 20 dB 1a khoang 1000, 390 va 170.
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BLER

108 F

O FDF Ly thuyét
1074+ ®  FDF Mbé phéng
BLER chéng 1
— — —BLER chang 2
—-—-—¢&y, +Ey,

0 2 4 6 8 10 12 14 16 18 20
Ty sb tin hiéu trén nhiéu trung binh [dB]

Hinh 4 Khao sat t7 16 16i khéi trong ba triromg hop téng
quat N<M, N>M va N=M.

Tiép theo, trong Hinh 4, chiing t6i khao st ti 18 151 khdi

toan trinh st dung k¥ thuét FDF so sanh voi ti 1€ 16i khéi
tung chang trong ba truong hop tong quat 1A N<M ,
N>M vd N=M . Cu thé, ching t6i chon N =1 va
M =2 cho truong hop N<M , N=5 va M =3 cho
truong hop N>M vd N=M=6 cho truong hop
N =M . Quan sat Hinh 4, chung ta c6 thé thay: dbi véi
truong hop N <M thi ti 18 13i khoi toan trinh s& gan bing
v6i ti 18 161 khéi cua chang 1. Béi véi truong hop N>M
va N =M thi ti 1¢ 15i khdi toan trinh s& gin bang véi tong
ti 18 16i khdi cua ca hai ching.

Chiing t6i c6 thé két luan rang, trong chuyen tiép hai
chang truyen thong st dung g0i tin ngan, néu so lugng nut
chuyén ti€p N it hon so6 lugng anten tai may thu M thi
ching ta chi quan tam dén hi¢u nang hé thong cua chang
truyén den N nut chuyen tlep thoi. Dong gop nay c6 the
cung cap y tuong dé giai quyet cac van dé vé glam tai viéc
tinh toan trong nghién ctru hodc trong mot so truong hop
ching ta thdm chi khong tim dugc biéu thic dang dong
cho ti 18 151 khéi ciia ching truyén dén M anten vi do phuc
tap clia cac k¥ thuat xtr 1y tin hi¢u. Truorng hop nguoc lai
thi hiéu nang toan hé thng s& phu thudc vao ca hai ching,
cu thé la N>M va N=M. Do d6, anh hudng cua hai
thong s6 N va M nay len hiéu nang hé thong rat quan
trong. Viéc lya chon ra so luong nut chuyen tiép va sd
lwong anten thu sao cho sé lugng trang thiét bi 1a it nhat
ma hiéu nang hé théng phai dat tot nhit 1a mot tiéu chi thiét
ké luon dugc mong doi. Chung t6i s€ khdo sat sy dnh
hudng ciia hai thong s6 thiét ké nay 1én hiéu ning hé thong
trong Hinh 6 va Hinh 5.
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BLER

e %%
@ M6 phdng SNR trung binh = 10 dB
B M6 phdng SNR trung binh = 15 dB
10 x Mo phé[]g SNR trung binh = 20 dB
—%— Ly thuyet
I I I | | 1 L I
1 2 3 4 5 6 7 8 9 10

S lwgng nat chuyén tiép N

Hinh 5 Khdo séat BLER la ham theo sé ltrong nut chuyén
tiép N vGigidstr M=2.

Hinh 5 khao sat ti 1¢ 16i khéi toan trinh 12 ham theo s0
luong nat chuyén tiép. O day, chiing t6i cd dinh g1a tri cua
M =2, truc hoanh 1a truc dugc khao sat vdi cac gia tri cua
N tir I dén 10 va hé thong st dung k¥ thuat FDF. R rang,
voi gia tri cia N nho hon 4 thi hiéu nang hé théng duoc
ci thién dang ké. Tuy nhién, ké tir gia tri N =4 tro di,
hiéu niang hé théng khong duoc cai thién thém. Néu chon
N >4 thi ching ta s€ vira tén thém kinh phi lip dat ma
hiéu nang hé thong van khong cdi thién thém duoc, day la
su lang phi va 1a diéu ching ta khong mong muon Do do,
N =4 sé& duogc chon lam thong s thiét k& t6i uu cho sb
lwong nut chuyén tiép.

BLER

@ M6 phdng SNR trung binh = 10 dB
10°E | M Mo phong SNR trung binh = 15 dB
} Mb phéng SNR trung binh = 20 dB
—%— Ly thuyét
: ;

R
S0 lwgng éng ten M

Hinh 6 Khao sat BLER |a ham theo sé luong anten thu M
voi gid sty N =4.

Trong Hinh 6, chuing t6i khao sét ti 1¢ 16i khéi toan trinh
1a ham theo s& lugng anten tai may thu va h¢ thdng sir dung
ky thudt FDF. Dé tim ra gia tri t6i wu cia M, chdng toi
cling sé& cb dinh gi4 tri cia N . Trong Hinh 6, chung to1 s&
str dung lai gia tri N =4 la gié tri t6i uu cia s6 lugng nit
chuyen tiép vira dugc khdo sat trong Hinh 5 véi cac gid tri
ciia M tang tir 1 dén 10. Quan sat Hinh 6, mot cach tuong
tu nhu Hinh 5, ching ta cling s& chon dugc M =4 la gia
tri s6 lwong anten thu t6i wru cho thiét k& hé thong.

KET LUAN

Trong bai bdo nay, ching t6i da danh gia hi¢u ning
mang chuyen tiép hai ching DF véi da nat chuyén tlep
trong moi trudng VO tuyén nhan thuc véi da anten tai may
thu trong truyen thdng str dung goi tin ngan Dé tan dung
tap da nat chuyén tlep, ching t6i dé xuat ap dung ky thuat
lya chon nat chuyen tiép tirng phan (PRS). Tai nut dich,
chung toi dé& xuat str dung ky thuat ti s6 két hop cuc dai
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(MRC) nham muc dich cai thién d phan tap khong gian
hé théng, tang d¢ tin cdy va do loi pho. Hiéu nang cua hé
thdng dugc xem xét & kénh truyén fading Rayleigh thong
qua ti I¢ 15i khéi toan trinh. M6 phong Monte Carlo diing
dé danh gla két qua phan tich ly thuyet va khao sat hiéu
néng ctia mo hinh phan tich dé xuét. Bac biét, chling tdi so
s&nh hiéu nang hé thong trong hai truong hop st dung ky
thuat giai ma va chuyen t1ep c6 chon loc (SDF) va ky thuat
g1a1 ma va chuyen ti€p ¢o dinh (FDF). Két qua cho thay,
ve tong thé thi hiéu nang hé thong khi st dung ky thuat
FDF t6t hon k¥ thuat SDF. Bén canh do, két qua phan tich
cing chirarang N=4 va M =4 1a cac gia tri t6i uu cua
s6 luong nat chuyén tiép va sé lwong anten tai may thu cho
mo hinh ma ching t6i dé xuét. Ngoai ra, chung ta ciing
thay rang khi ting 7 thi hi¢u nang hé thong cang dugc cai
thién, diéu nay dung nhu chung ta mong doi. Tuy nhién,
chiing ta cung khong nén lam dung viéc tdng ting cong
sudt phat qua 16n s& c6 thé anh huong can nhidu 16n 1én
cac nguoi ding khac cia hé thong.

LOI CAM ON

Nghién ciru nay dugc hd trg boi cac nghlen cliru vién
tai Phong thi nghiém thong tin vo tuyen va dugc tai trg boi
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PERFORMANCE ANALYSIS OF
UNDERLAY COGNITIVE DUAL-HOP
NETWORKS WITH PARTIAL RELAY

SELECTION SCHEME AND MAXIMAL
RATIO COMBINING UNDER SHORT
PACKET COMMUNICATIONS

Abstract: In this paper, we proposed a system in
underlay cognitive radio with dual-hop relay network
under short packet communication. In this system, the
partial relay selection scheme is applied to a set of multiple
relay nodes and maximal ratio combining will be used for
multiple antennas at the receiver. For system performance
evaluation, we derive the closed-form expression for end-
to-end block error rate. The Monte-Carlo simulations are
conducted to verify our analytical results and to suggest
the optimal value of the system parameters including the
number of relays, the number of antennas and the system
block length.

Keywords: block error rate, dual-hop networks,
maximal ratio combining, partial relay selection, Rayleigh
fading channels, short packet communications, underlay
cognitive radio.
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