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Tom tdt- Trong bai béo nay, ching toi nghién ctru mang
giai ma chuyén tiép (DF) hai chang trong truyén théng goi
tin ngan. Trong do, nguon s& lya chon mot nit t6t nhat
trong mot tap da nat dé chuyen tiép goi tin bang cach sir
dung ky thuat lya chon chuyen tlep mot phan (PRS).
Nguén thu duogc thiét ké c6 M-anten va sir dung giao thirc
phan tap ti s6 két hop cuc dai (MRC) dé thu nhan tin hiéu.
Dé danh gia va so sanh hi¢u nang hé thong, chung t6i dua
ra cac biéu thuc dang chinh xac va xap xi cua ti 1& 16i khéi
(BLER) trong kénh truyen fading Rayleigh. Cgol cung,
chiing t6i thuc hign mo phong Monte Carlo d¢ kieém ching
ket qua Iy thuyét va tim ra gia trj t6i vu cua s6 nit chuyen
tiép va s6 anten ciing nhu chimg minh céc uu diém caamo
hinh hé théng da dugc dé xuat.

Tir khéa- lya chon chuyén tiép ting phan, fading
Rayleigh, giai ma va chuyen tiép, tiI¢ 15i khoi, ti s6 két
hop cuc dai, truyén théng goi tin ngan.

.  GIOITHIEU

Hién nay, truyén thong thé hé méi thir nam (5G) dugc
biét dén nhur 12 sy cai tién vuot troi xa so véi cdc mang thé
hé trude ddy. Mang (5G) ciing 1a co s& quyét dinh trong
viéc hién thuc hoa ky nguyén Internet van vat (IoT) va xa
hoi siéu két ndi. Dich vu chinh cia mang (5G) la bang
thong di dong néng cao (eMBB), truyén thong loai may
(MMTC) va truyén thong do tré thap cuc ky dang tin cy
(URLLC), tmg dung trong nhiéu linh vuc cong nghiép va
xa hoi [1-3]. Trong do, uRLLC 1a dich vu trong tdm cia
mang 5G vdi yéu cau d¢ tin cdy cuc cao hon 99.9999% va
do tré dudi 1ms . Pé dat dugc cac yéu cau niy, truyén

thong goi ngan v&i ma chiéu dai khdi ngan duoc dua vao
hé thong nghién ctru nhu mot phuong phap tiém nang [4].

Thuc vay, cac goi tin ngan la mot dang luu thong dién hinh
dugc tao ra boi nhitng cam bién va duoc trao ddi chu yeu
trong truyen thong kiéu may Do véy, truyen thong g01
ngan hd trg chinh cho cac Ung dung 5G va loT nhu két n6i
dam may dang tin cay, diéu ph01 khong day tir xe dén xe,

bao dong tir mot bo 16n cam bién [4-7].

Cho dén nay, truyén thong goi ngin dang dugc cac nha
khoa hoc quan tdm. Cu thé, Polyanskiy va cac cong su da
tién phong trong viéc tlm ra cong thuc xap xi clia toc do
ma hoa khéi hitu han téi da [8]. Tir d6, ching ta c6 thé do
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hiéu sut ciia truyén thong géi ngan voi gla tri x4p xi gan
dung. Trong bai bao [9], Makki va cac cong su da dé xuat
phuong phap tinh gan dtng cho ham Q_function. Phuong
phap nay glup viée tinh toan ti s6 161 khdi d& dang hon.
Hay cac tc gia trong bai bao [10] cling cho thay rang chiéu
dai khéi thich hop cho cong suét Ergodic t6i wu nhét trén
tat ca kénh fading béan tinh.

Bén canh d6, mang chuyén tiép ra doi v§inhiing uu dlem
nhu mot g1a1 phap day hira hen trong truyén thong vo tuyen
[11], giai quyet cac van de vé khoang cach glua hai thiét
bi dau cudi khi may truyen va mdy phat ¢ qua xa vuot
ngoai khoang cong suat truyen kha dung cua may phat
hodc c6 thé may phat truyén dugc nhung néu ting cong
suat phat qua 16n thi s& anh hudng can nhidu 16n 1én cac
nguoi dung khéc ctia hé thdng [12-14]. Nhiém vu cia nut
chuyen tiep 1a thu thép tin hi¢u tr nat trude nd, sau d6 xur
ly va chuyen tiép tin hi¢u do dén nut tiép theo dén khi tin
hiéu dén duoc dich. Vé co ban, ¢6 hai k¥ thuat xu 1y tin
hi¢u duoc dung ¢ nat chuyen tiép 1a khuech dai va chuyén
tiép (AF) [15-17] va giai ma va chuyén tiép (DF) [18-20].
Céc ky thuat nay da dugc nghién ctru va img dung rong rai
trong cac mang thong tin vd tuyén nhu mang thong tin di
dong té bao, ad-hoc di dong [21, 22], mang cam bién
khéng day [23].

Gan day, cac nha khoa hoc bét diu quan tim dén viéc ap
dung mang chuyén tiép vao truyén thong su dung goi tin
ngan nham nang cao hi¢u nang hé thong va dap u’ng cac
yéu cau dich vu cho mang 5G. Cu thé, cdc tac gia trong
[24] da xem xét mot giao thirc chuyen tiép trong d6 do loi
kénh cua duong truyén truc tlep va duong truyen c6 nut
chuyén tiép duogc téng hop tai mdy thu theo gia dinh trang
thai thong tin kénh truyén hoan hao. Hay trong bai bao
[25], cic tac gid trong da dé xuét mot phuong phap
“OccupyCoW” nham dap mg cac yeu cau vé do tin cay va
do tré cao thong qua mang truyén thong hop tac. Trong bai
bao [26], Yulin Hu va cac cong su da nghién ctru hi¢u suét
chuyén tlep thong qua cac kénh Rayleigh ban tinh dudi g1a
dinh chiéu dai khdi hitu han (FBL). Mot céch co ban, cac
bai bao chu yéu xem xé€t hai kich ban chuyen tiép trong bdi
canh FBL bao gém ky thuat AF [27] va DF [28]. Bén canh
do, trong [29], tc gia da chung minh sy vuot trdi cia hi¢u
nang hé théng sir dung cac ki thuat chon lwa nit chuyén
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tiép tung phan (PRS) va giao thue ti s6 két hop cuc dai
(MRC) trong thiét ké hé thong vai goi tin dai.

Ké thira cac két qua nghlen clru trén va dé xuat huéng
giai quyet mo hinh mai trong truyen thong goi ngan, bai
bdo nay trude tién tap trung vao cac mang chuyén tiép hai
chang DF trong truyén thong go6i ngan, trong d6 ky thuat
PRS duoc stir dung dé truyén tin hi¢u tai nut chuyén tiép
V6i myc ti€u tang d¢ tin cdy va do loi pho, ching t6i ap
dung giao thirc MRC cho thiét ké da anten tai diém dich.
Tlep dén, chung t0i dua ra cac biéu thirc dang chinh xac va
xap xi cua ti s0 16i khéi (BLER) thong qua kénh fading
Rayleigh. Cudi cing, md phong Monte Carlo dugc thuc
hién dé kiém chimg cac két qua ly thuyét va qua do cling
chung minh dugc uu diém hiéu nang ctia md hinh hé théng
ma ching toi dé xuat.

Phan con lai ciia bai bao dugc trinh bay nhu sau. Phan II
s€ trinh bay mo hinh cua h¢ thong mang chuyén tlep hai
ching v6i da niit chuyén tiép va da anten thu tai may thu.
Phuong phap phan tich theo m6 hinh dé xuét dé danh gia
chét lugng cua hé thong voi thong s ti 18 16i khdi voi ca
hai dang chinh xac va xap xi s€¢ dugc ching minh trong
Phan I11. Phan IV, ching t6i s& tién hanh mo phong Monte-
Carlo de kiém ching lai cac két qua 1y thuyét trong phan
1. Cudi cting 1a phan két luan ctia bai bao.

Il. MO HINHHE THONG

BTS

Hinh 1 Mang chuyén tiép hai chang véi mgt user (nt nguon),
da niit chuyeén tiép va mgt tram BTS (n(t dich) trong truyén
théng goi tin ngan.

Trong bai b&o nay, ching t6i xét mdt mang hai ching
bao gdm mot user (dong vai trd ngudn (S ) ) c6 mot anten,
N user (d6ng vai tro nat chuyén tiép) str dung mot anten
R, (n =1N ) 1 va tram thu (BTS) ( déng vai trd ngudn thu

(D)) c6 Manten D, (m=1 M )* nhu Hinh 1. Gia dinh
rang khoang cach nut nguon va dich Ia rat 16n, S chi c6
thé truyén tin hiéu d&én & khoang cach réat xa khong cé
dudng truyén tryc tiép gitra ngudn (S ) va dich (D ) béi vi
thuc té o khoang cach qua xa tin hi¢u tur ngudn phat dén
ngudn thu 12 rat yéu.

Qua trinh truyen tin tr nat nguon va nut dich thuc hién
trong hai khe thoi gian lién ti€p thong qua sy trg giup cla
cac nut chuyén tiep. Trong khe thoi gian dau tién, nit
nguon s€ truyén tin hi¢u cua né t6i tat ca cac nat chuyén
tiép. Tai khe thoi gian nay, ky thuat PRS duoc sir dung cho

LGiatri n=L N vd m=1 M dugc sir dung xuyén sudt bai bo.
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mot tap N nut chuyén tiép, chi co nat chuyén tiép c6 ty so
nhiu tin hi¢u cao nhat (SNR) méi dugc chon dé chuyén
tiép tin hi¢u nhén dugc dén dich bang ky thuat giai ma va
chuyén tiép (DF). Goi R, la nut chuyén tiép dugc chon
trong bd N nit chuyén tiép [30, 31], chung ta c6

b= arg max Vs, @)

v6i 7se. 1ati sé tin higu trén nhiéu (SNR) tr S >R,. O
day, ¥se tudn theo phan bé mii va c6 gié trj trung binh 1a
PSQSR

= . 9
VsR, N, )

v6i Py 1a cong sudt ciia nguon S, Qg 1a @0 loi kénh
trung binh cho duong truyén tr S — R, va N, la cong
suat nhidu Gauss trang cong (AWGN) tai nut dich.

Gia dinh kénh truyén giita ngudn va Qich 14 kénh fading
Rayleigh ban tinh [32] va kénh truyén tr S >R, va
R, — D, la cac kénh truyén fading Rayleigh doc lap va
ddng dang (i.i.d). Khi d6 trong ching 1, SNR trung binh
tai mdi nhanh Vsr, déu bang nhau va bang 7, , nghia la
Vsr, = 7sr - Dua vao phép khai trién nhi thirc trong [33],
ham phén phoi tich lily (CDF) clia sz, c6 thé dugc dua

ra nhu sau

®)

Ser (et )

Trong khe thoi gian thir hai, ntit chuyén tiép tt nhat R,
su dung k¥ thuat DF va g1a1 ma thanh cong tin hi¢u nhan
dugc dé truyén tin higu nay dén dich. Tai nut dich, giao
thae MRC dugc st dung nham cai thién d6 phén tap khong
gian hé thong Do do6, SNR cua tin hi¢u thu dugc s€ ting
tuyén tinh véi sb lugng nhanh phan tap va duoc xac dinh
nhu sau

M
D= ZVRme ' 4)
m=1

Vv6i Vr,p, 1atisd tin higu trén nhiéu nhan tai D, . Do gia

sir kénh truyén tir R, — D, 1a cac kénh truyén doc lap va

ddng dang (i.i.d.), chung téi ciing ¢ 7Ry0, = 7RyD"

Chung ta c6 thé thiy ring |h(|2 ¢6 phan bé mil nén
Yr,p, S& CO phan b chi binh phuong Vvéi ky vong la
M7g,0 vaphuongsaila 2Mpg o, . Trong trudng hop nay,

ham CDF cta Jg,p €O thé thu duoc nhu sau
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11l. PANH GIAHIEU NANG HE THONG

Trong phfm nay, chung t6i sir dung thong s ti 18 161 khoi
dé danh gia hi¢u ning cua hé thdng str dung giao thirc PRS
va MRC trong ché d¢ FBL.

A. Ti LE LOI KHOI DANG CHINH XAC

Chung toi gia st rang tong do dai khdi truyén 1a k, do
¢6 hai khe thoi gian nén khoi tin nay s€ dugc chia lam hai
khdi c6 chiéu dai bang nhau g . Khi S truyén g bit

thong tin dén D qua hai khe thoi gian téc d6 ma hoa cta
hé thong dwoc xac dinh la

2B
o
Nhu da dugc nghién ctru trong truyén théng goi tin ngén
[34], v6i chiéu dai khdi k >100 ti 1¢ 16i khdi BLER c6 thé
dugc xap xi nhu trong [32, CT. (59)] va [35, CT. (4)] nhu

sau

_ C -r

7 <, o LI )

(7 )1k
Véi &, 1a tbe do 15i khéi trung binh, X €{SR,,R,D},
C(?’x)zlogz(l"'ﬂfx) la dung luwong kénh Shannon,
V(J/x):{l—;zj(logze)z la d6 phan tan kénh
(1+7x)

truyén [8], E{.} I1a toan ti ky vong va Q(.) 1a ham Q-

J'exp (——j dt.

Tu (7), BLER ¢6 thé duoc viét lai nhu sau

r =

(6)

function véi Q(x)

z ~[Q dy, ®)
I'; [WJ ”x (r)dy

voi Ty (X) 1a ham mat o phan phéi cua bién ngiu nhién
X.

C(ry)-r

\f; (7x )/k
tim ra biéu thiac dang déng cho cong thic (8). Do do,

Do sy phic tap cia ham Q[ J nén rat kho dé
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ching t6i ldy xép xi ham Q(.) nhur trong [34, CT. (14)],

d61a Q M [ Z(yx), Véi
(7x)/k
1 xS P
1
Z(rx) =15 WK (5 =0) p<rc<pu. O
0 Yx 2 PL
VOi Vz—l 0=2"-1 =0+ ! va
22 1 T K
_g- 1
P 2V\/E.

Bing cach thay (9) vao (8), ching ta c6

0

B~ [ Z(5) 1, ()7 = [ 2 () F, (7)

0

=[Z()F, (y)]‘yzc’g—TFyx (7)dZ () (10)

}/:
Py
=wk [ F, (r)dr
PL

Thay (3) vao (10), ta duogc toc do 18i khdi cho khe thoi
gian thir nhat nhu trong (11).

ll

Dbi v6i khe thoi gian thir hai, ta ciing thuc hién twong tu.

Thay (5) vao (10), ti s6 15i khéi BLER ¢ khe thoi gian
thar hai duoc dwa ra nhu trong (12), trong d6 (gg) la ham
Gamma thanh Vol

khong hoan

Y(m,x)= joxtm’l exp(—t)dt dugc xac dinh nhu trong [33].
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Y

S - jg(m

T

dy

7RbD

Y

kﬂl‘imi

1)ltm'1 exp(—t)} Va,pdt

m=1
Fruo (12)
7r,0 P PL
_V\F Py —P Y| m—=——|-Y|m-= ,
[ S mz—;(m_l)!( 7RryD VRr,D
& 20 G (0 PR O S S
~vk |1~ = - — dy=wk||1-) — Ly ldy
b P = (U A1 7Sy = T A ol = e (M=) 7R ol
M (_1i p'i_:-m _pli_+m
\/_{p'* e mZ;;?Fflg(m 1)',2‘;1’1“ i+m
(18)
Néu cac nut chuyen tlep st dung ky thuat glal ma va Pu N v f Nﬂ N+1
chuyén tiép c6 lya chon (SDF) thi tc d6 16i khéi BLER %, ~ vk I [_Lj dy )
toan trinh (e2e) ¢ thé duoc tinh thdng qua (11) va (12) ’ o sk N+l Vex

nhu sau

geZe(SDF) = §5Rb +(1_§SRb )ERbD' (13)

Trong khi d6, néu cac nat chuyén tiép sir dung kY thuét
giai mi va chuyén tiép c6 dinh (FDF) thi tbc do 16i khoi
BLER toan trinh e2e s€ dugc tinh nhu sau

EeZe(FDF) = ESRb (1_§RbD )+(1_ ESRb )ERbD- (14)

B. Ti LE LOI KHOI DANG XAP Xi

Tlep theo, chung toi s€ trinh bay dang xap xi cia ti 18 151
khéi dé co danh gia khach quan hon v€ hi¢u nang cta h¢
thong & mirc SNR trung binh 7 cao. Dang xap xi nay

dugc xem nhu la mot dudng gidi han trén (upper bound)
cho cac gia tri cua ti 1€ 16i khoi khi cang tang SNR trung
binh tién ra vo cung. Diéu nay c6 nghia la ti 1 18i khdi toan
trinh cla h@ thong luén dat gia tri nho hon hodc bang gia
tri duong gioi han trén nay cho du c6 ting SNR trung binh
thé nao di chang nira. Mat khac, day ciing 1a diéu ma chung
ta mong muon vi ti 1€ 16i khéi cang nho thi hiéu ning hé
thdng cang dugc cai thién.

Ap dung vo6 cing bé tuong duong tai x —0 cho ham

l—eXp(—X) va khai trién Maclaurin cho ham exp(—x)
[36] nhu sau

1-exp(—x): X (15)
va exp(—x) 0 i(—l)i %+O [x]", (16)

i=0

Vi i 13 s6 bac khai trién va O[X]W 1a phan du Peano
trong khai trién Maclaurin [37].

Nhu vay, thay (15) vao (10), biéu thirc dang xap xi cua
ti 1¢ 161 khoi BLER & khe thoi gian dau tién nhu sau
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Trong khe thoi gian thtr hai, ching ta can xem xét bac
phan tap cta hé thong. Nhu da biét, bac phan tap tdi da cia
mot hé théng c6 M anten la M va khi bac phan tap bang
v6i M, hé thong dugc cho 1a dat dugc bac phan tap day
dua [37]. Trong truong hop nay, ap dung (16) vao (5), sau
do thay vao (10), ti 1& 161 khoi BLER dang xip xi ¢ khe
thoi gian thi hai c6 thé dugc tinh nhu trong (18).

Mit khéc, ta ciing dé thay rang gia tri cta ti 18 16i khdi
timg ching &g Vva & p ratnhd khi cong suat nguon phat

cang 16, nghia la &5z &z , ~0. Do do, ta c6 co thé viét

lai ti 18 151 khéi toan trinh dang xap xi tir (13) va (14) nhu
sau

%JZe(SDF) ~ %JZe(FDF) ~ ‘%’Rb +‘9|/9bo- (19)

IV. KET QUA MO PHONG VA THAO LUAN

Trong phan nay, ching toi sir dung phuong phap mo
phong Monte-Carlo trén phin mém Matlab cho md hinh
dé xuat dé klem chung lai cac két qua ly thuyét da duoc
trinh bay & phan 111 [38]. Dic biét, ching t6i s& thdo luin
vé cac dac diém hi€u nang h¢ thong cung nhu céc thong so
thiét k& hé thong t6i wu cho mé hinh ma chung t6i dé xuét.

Cac thong Sp duogc ching toi st dung dé thuc hién m6
phong nhu so bit théng tin 1a g =256 bit va chiéu dai
khdi m=256. Dé viéc tinh toan don gian chlng t6i gia
dinh rang tong khoang céach truyén dugc chuan hoa voi
D =10. Vi gia dinh phan bo vi tri ndt chuyén tiép & ngay
chinh gitta nGt nguon va nut dich, khoang cach duong
truyentr S >R, va R, »>D la d, =d, =%. Hon nita,

ching t6i gia sir xem x€t mo hinh suy hao duong ’truylén
don gian [37] va kénh truyén thuc té véi

=1
Qi = p :(%j Vi 77 =314 hé s6 suy hao duong
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truyén. Mat khac, ching toi goi ;7=Ni la SNR trung
0
binh ciia ngudn phan bd ning luong véi P 1a tong ning
lugng duoc phan b6. Do N, la hang so nén ching ta co
the hiéu rang khi tang SNR cling c6 nghia 1a ta tang cong
suét phat cia nguon cung cap nang lugng. Trong mo hinh
nay, chung toi gia sir h¢ thdng c6 phan bd cong suat dong
déu cho cac nat phat trong mdi ching, nghia la
P
P,=R =—.
S Ro ~ o
Dau tién, chung t6i so sanh ti 1 16i khoi BLER toan trinh
trong hai truong hop su dung ky thuat glal ma va chuyen
tiép ¢6 dinh FDF va ky thuat gidi ma va chuyén tiép co
chon loc SDF. Ti 16 15i khéi toan trinh BLER duoc khao
sat nhu 1a mot ham cua SNR trung binh » véi gid str co
dinh s6 lwong nat chuyén tiép N =2 va s6 lugng anten tai
may thu M =2 nhu trong Hinh 2.

10°

1B

10°

o
w
—
m
1072
—— Ly Thuyét SDF
O M6 phéng SDF
— %— - Ly thuyét FDF >
D> Ly thuyét FDF
—©—-Xépxi
1073 | . |
0 5 10 15 20
7 [dB]

Hinh 2 So sanh BLER giira hai ky thudt SDF va FDF.

Dé thay, két qua mo phong (Simulation) hoan toan tring
khop v6i két qua 1y thuyét (Analy3|s) va két qua duong
xap xi (Asymptotic) héi tu voi cac gia tri duong ly thuyet
& SNR trung binh cao, diéu nay ching minh cac két qua
phan tich ly thuyét cua ching toi trong phan Il 14 hoan
toan chinh xéc. Tur Hinh 2, ching ta c6 thé dé dang nhén
ra rang ti 16 15i khéi khi str dung ky thuat giai ma va chuyen
tiép cd dinh FDF nho hon so v6i khi sir dung ky thuét giai
ma va chuyén tlep c6 chon loc SDF ¢ dai SNR trung binh

thap Hay néi cach khac, hiéu ning hé théng khi sir
dung k¥ thuat FDF tot hon so véi k§ thuat SDF & dai gia
tri SNR trung binh 7 thép, cu thé 1a dudi 10 dB nhu trong
Hinh 2. Tuy nhién, tir gia tri SNR trung binh % cao hon
10 dB, hiéu suit hé thong cua hai k§ thuat 13 nhu nhau.
Mac du, ¢ gia tri SNR trung binh cao, hi¢u suat hé théng
cua hai ky thuat nay twong duong nhau nhung chung ta
van khong thé phil nhan rang hi¢u suat cua ky thuat FDF
t6t hon so v6i k§ thuat SDF vé tng thé trong toan dai SNR
trung binh 7 . Do d6, chiing t6i s€ str dung ky thuat FDF

dé m6 phong cho tit ca cac khao sat tiép theo.
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Hinh 3 Anh hwong chiéu dai khai tin k 18n hiéu ndng hé thong
véi M=2va N=2.

Tiép theo, chung t6i khao sat ti 1¢ 16i khéi BLER la mot
ham theo do dai khoi tin k nhu Hinh 3 v6i cac gia tri SNR
trung binh 7 tang lan lwot la 10, 15 va 20 dB. Cac gia tri
cia N=2 va M =2 dugc st dung dé mé phong trong
hinh nay. Mt lan nita, cac két qua mo phong hoan toan
trung khop véi cac két qualy thuyet va xac minh dugc tinh
dung dén trong phan tich ly thuyet cla chung t6i. Quan sat
Hinh 3, ching ta c6 thé thay rang khi ting gia tri ciia chicu
dai khdi tin k va SNR trung binh 7 thi hiéu ning hé
thdng s& dugc cai thién dang ké. Hon nira, ching ta dang
khao sat ché d6 FBL v4i k >100 va dé tinh dugc gidi han
cia ham BLER toan trinh khi k—>+o [&
klm BLER,,, =0. Diéu nay c6 nghia la ching ta khong

tim dwoc gia tri k toi vu xac dinh nao hét va lam ching ta
phai luu y rang chiéu dai khéi tin k vira dwgc danh gid 1a
cang tang cang tot, trong khi myc ti€u cta truyen thong goi
ngan d6 1a d6 dai khdi cang ngan thi do tré truyén s& duoc
giam. Do d6, chung ta phai can nhic trong ca hai tinh
huéng vé& wu nhuge diém coa viée ting hodc giam k
chung ta s€ chon gia tri k cu thé phu thudc vao mot yéu
cAu chét luong dich vu cu thé. Vi dy, mot dich vu thoai yéu
cau ti 18 16i khoi ti da 1a 6x107°, thi gia tri cta k dugc
chon mg vai timg truong hop cong suét phat 10, 15 va 20
dB 1a khoang 1000, 400 va 200.

Tiép theo, chiing t6i so sanh sy anh hudng cua ) lugng
nut chuyén tiép N va s anten M 1én hiéu ning hé thong
st dung k¥ thuat FDF qua Hinh 4. Chung t6i lya chon cac
gia tri cia N va M cu thé trong céc truong hgp so sanh
nhu sau:

i) N=1va M=2 chotruonghgp N<M.
i) N=5va M =3 chotruonghop N>M .
iii) N=M =6 cho truonghop N=M .

Hlnh 4 cho chung ta thay 1o rang ti 18 16i khéi toan trinh
s& gan bang v6i tong ti 18 16i khdi cua ca hai chang trong
truomg hop ii) va iii) twong tng véi N>M va N=M .
Tuy nhién, trong truong hop i) véi N <M | ti 1¢ 16i kh6i
toan trinh chi gan bang ti 18 15i khdi chang 1 tr S >R, .
Diéu nay c6 nghia 1a v6i s6 lugng N va M cho trudc Vi
N <M , chung ta chi can thyc hién tinh toan ti 16 15i khdi
chang 1 la cod thé wdc luong duoc hi€u nang toan hé théng.
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Doéng gop nay c6 thé gilp ching ta giam thiéu dugc khoi
lwong tinh toan phirc tap cua thong s6 ti 1¢ 16i khoi trong
chang 2 tir R, — D, trong truong hop trién khai thuc té
dd co san sd lugng N va M véi N < M Qua do, chung

ta cung thay duoc tim quan trong cua sb lugng nat chuyen
tiép va s6 luong anten trong trién khai thiét ké hé thong.

10° <
p > O FDF Ly thuyét
p PR (S ®  FDF M6 phong
NN i
\ N ESRy,
10-1 L Q\. \\ ———Eryp
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Hinh 4 So s&nh sy dnh hwoéng cia sé lwong nit chuyén tiép N
va sé anten M 1én hiéu nang hé thong.

Do do, trong Hinh 5 va Hinh 6, chung t6i khao sat riéng
lé mirc d6 dnh hudng cua so lugng anten tai may thu M
va s6 luong nut chuyen tlep N 1én hiéu ning hé thong.
Muc tiéu 14 tim ra thong sb thiét ké t6i wu cho M va N.
Mot cach khach quan, trong ca hai hinh, cac két qua ly
thuyet hoan toan trung khép voi két qua mo phong. Piéu
nay mot 1an nira cho thy cac biéu thirc phan tich cua
ching t6i trong phan 111 1a hoan toan chinh xéc.

= 4@~ - M6 phdng v = 10 dB
= 4@- - M6 phoéng v = 15 dB
= %= M6 phéng v = 20 dB
Ly thuyét

BLER
3
%
o

4l

Hinh 5 Anh hweong ciia 56 leong anten M 1én hiéu ning hé
thongvéi N=2.
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Hinh 6 Anh hirong cua s6 lwong nit chuyén tiép N 1én hi¢u
nang hé thong voi M = 3.

Cu thé, Hinh 5 chung t6i khdo sat BLER la mot ham theo
s0 lugng anten tai may thu M véi gia sir c6 dinh s6 luong
nat chuyén tiép N =2 . Tur Hinh 5, chung ta c6 thé thay
BLER giam khi ting SNR trung binh 7 . Anh huéng doi
Vi cac gia tri cia M anten tai may thu: i) khi M <3 thi
BLER giam dang ké hay n6i cach khac 14 hiéu ning hé
thdng dugc cai thién déng ké; ii) trong khi M >3 thi
BLER van duy tri mot mue gid tri khong d6i. Mat khac,
trong thiét ké va tr1en khai h¢ thong, duong nhién la chung
ta s€ mong mudn trién khai hé thong sao cho hi¢u nang tot
nhit ma lai it thiét bi nhét c6 thé dé tiét kiém chi phi. Do
do trong truong hop nay, M =3 la thong s6 thiét ké t6i uu
nhit cia sb luorng anten tai mady thu dam bao duoc hai tiéu
chi da dugc deé cap 13 t6i wu hidu nang va tiét kiém chi phi
trién khai nhét c6 thé.

Tuong tu, trong Hinh 6, ching t6i khdo sat BLER 1a mot
ham theo s lugng nut chuyén tiép N véi gia sir ¢b dlnh
s6 lugng anten tai may thu. Chang t6i s& sir dung gia tri t01
uu M =3 vira tim dugc trong khao sat Hinh 5 cho thiét
ké thong sb hé théng. Suy luan mot cach twong tw, ching
ta ciing c6: i) v6i N <4 thi hiéu nang hé théng duogc cai
thién dang ké; ii) v6i N >4, BLER khéong con giam nira.
Khi d6, gia tri s& luong nat chuyén tiép N =4 s& dugc
chon 1am gia tri t8i wu cho cac thiét ké hé thong.

Cubi ciing, chung t6i str dung céac gia tri ti wu N =4va
M =3 da duoc khao sét trong Hinh 5 va Hinh 6 dé khao
sat hiéu nang hé thdng. Va ciing nhu da dé cap, gia tri cia
chidu dai khéi K chi dugc chon cu thé phi hop v6i mot
yéu cau dich vu cu thé. Trong Hinh 7 nay, chung t6i khao
sat ti 18 161 khdi BLER 1a mot ham theo SNR trung binh 7
ba trudng hop tugng trung dién hinh ciia K 1a k =256,
k =512 va k=1024. Trong Hinh 7, ching ta c6 thé thiy
rang cac duong phan tich 1y thuyet bao gdm ca duong
BLER dang chinh x4c va dang xap xi déu hoan toan khép
v6i cac két qua mo phong. Hon nira, du'orng xap xi hoi tu
v6i dudng phan tich 1y thuyét va duong mo phong ¢ dai
cOng sudt phat cao cung cho thay rang céc gla tri cua ti 1€
101 khéi ludn dat gia tri nho hon hoic bang gia tri duong
xap xi nay cho du c6 ting SNR trung binh thé nao di ching
nira. Ngoai ra, ciing dé thdy rang khi SNR trung binh 7
cang tang thi BLER cang giam trong tat ca cac truong hop
cua k, két hop véi phan tich duong xap xi vira roi, chiing
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ta c6 thé két luan rang hiéu ning hé thong ludén luon duoc
cai thién khi chung ta cang tdng SNR trung binh va ludn
khong yuqt qué gia tri ciia dudng gidi han trén (duong xap
x1) Di€u nay ding nhu chung ta mong doi. Mac du tang
cong suat phat lam cho hi¢u nang hé théng duoc cai thién
nhung chung ta cung khong nén lam dung tang cong suét
phat qua 16n s& c6 thé anh huong can nhiéu 16n 1én cac
ngudi dung khac cta hé thong.

10°
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1072
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Hinh 7 Anh hwong cia gia tri SNR trung binh 1én hiéu néing
hé théng véi M =3 va N=4.

V. KET LUAN

Trong bai béo nay, ching t6i dé xuat mo hinh mang giai
mi chuyén tiép DF hai chang két hop str dung ky thuat
PRS cho da nat chuyén tiép va ky thuat MRC cho da anten
dugc thiét ké tai nut dich. Dac biét, chung t6i tim ra dugc
c4c biéu thue ti 1€ 16i khéi dang chinh x4c va xdp xi qua
kénh truyen fading Rayleigh va sir dung m6 phong Monte
Carlo dé kiém chumg tinh chinh x4c cia md hinh d& xuat.
Céc két luan chinh cia hé thong nhu sau

i) Vi cling mot cdng suat nguon phat thi hiéu ning hé
thong cua FDF bang vai SDF & gié tri SNR trung binh
cao, trong khi véi dai SNR trung binh thap thi hiéu
ning hé thong ciia FDF t6t hon hé thdng ap dung ky
thuat SDF.

i) Gia tri tbi wu cua s6 lwong nat chuyén tiép va sé luong
anten tai may thu twong ung la 4 va 3 cho thiét ké he
théng mo hinh ma ching t6i dé Xuat Ngoai ra, gid sir
trong truong hop trién khai thuc té da co sin sb luong
N va M véi N<M , ching ta s& giam thiéu duoc
khéi lugng tinh toan phirc tap cia thong sé ti 1¢ 16i khoi
toan trinh. Ti I¢ 15i khdi toan trinh trong truong hop
nay s& gan bang gia tri ti I¢ 16i khoi ciia chang truyen
c6 chira N nat chuyén tiép.

iii) B6i vaoi chiéu dai khdi tin k , ching ta chi xac dinh
dugc k cu thé trong mot truong hop yéu cau chat
lwong dich vy cy thé.

iv) Cubi cung 1a khi cang tang 7 thi hiéu ning hé thong
cang dugc cai thién dung nhu mong doi. Tuy nhién,
chung ta cung khong nén lam dung tang cong sudt phat
quéa Ion s& c6 thé anh huong can nhiéu 16n 1én cac
nguoi dung khac cua hé thong.
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BLOCK ERROR RATE ANALYSIS OF
DUAL-HOP NETWORK WITH
MULTIPLE RELAYS AND MULTIPLE
RECEIVED ANTENNAS UNDER SHORT
PACKET COMMUNICATIONS

Abstract— This research investigates the effect of dual-
hop decode-and-forward (DF) relay networks with a
partial relay selection (PRS) strategy and maximal ratio
combining (MRC) protocol wunder short packet
communications, where the destination’s M-antenna is
designed. For performance evaluation and comparison, we
derive the exact and asymptotic closed-form expressions
of block error rate (BLER) over Rayleigh fading channel.
Eventually, we perform Monte Carlo simulations to verify
our theoretical results and figure out the optimal value of
relay numbers and antenna numbers as well as
demonstrate the advantages of our proposed system
model.

Keywords—Block error rate, dual-hop network,
partial relay selection, maximal ratio combining, short
packet communications.
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