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MANG CHUYEN TIEP DA CHANG DANG
NEN TRONG TRUYEN THONG GOI TIN
NGAN: DANH GIA TY LE LOI KHOI

V6 Nguyén Quéc Bao* Tran Thién Thanh?
* Hoc Vién Cong Nghé Buu Chinh Vién Thong
#Trwong Pai hoc Giao Théng Van Tai thanh ph6 HO Chi Minh

T6m tat- Trong bai bao nay, ching t6i d& xut mé hinh
mang chuyén tiép da chang thir cap vo tuyén nhan thic
dang nen hoat dong trong mang 5G dap ung dich vu truyen
thong g6i tin ngan véi do tin cay cao. Chung t6i cing dé
xuat phuong phap danh gia ty 18 13i khdi toan trinh cua hé
thong & kénh truyén fading Rayleigh trong hai trudng hop:
hoat dong ¢ vung ty 1& nhiéu thap va & vung ty 1& nhiéu
cao. Két qua mb phong Monte Carlo xé4c nhan tinh ding
dan coa phuong phap phén tich @& xut va chi ra rang hiéu
nang cua hé thong & ving ty 16 nhidu thp s& dugc quyét
dinh béi ty cong Sut phat t6i da cia méy phat va ¢ ving
ty 1& nhidu cao s& quyét dinh boi ngudng can nhiéu chiu
dung tbi da cua mang so cap.

Tir khéa- da chang, v6 tuyén nhan thire, kénh truyén
fading Rayleigh, truyén thong géi tin ngan, ty 1¢ 161 khoi.

1. GIOI THIEU

Truyén théng da ching 1a mét trong nhimg k§y thuat co
ban dé mo rong ving phu song cia hé thong thong tin vo
tuyén nhung khong ting can nhidu cho hé thong khac.
Truyén thong da ching da duoc ap dung trong nhiéu thé hé
thong tin vo tuyén hién nay nhu 4G va 5G [1-4].

Pé tang hiéu suit sir dung phd tan trong bdi canh tai
nguyén phd tan gidi han, v tuyén nhéan thic 1a mot giai
phap hiéu qua [5-7]. Trong 3 phuong thirc v6 tuyén nhan
thirc, vo tuyén nhan thirc dang nén (Underlay approach) 1a
mot phuong thirc ¢6 tinh thuc té cao va hiéu qua khi cho
phép cac mang thir cdp (secondary network) truyén song
song vOi mang so cép (primary network) ma khong lam
anh huong dén chat lugng cta hé théng SO cap [8]. Hiéu
nang va ddc tinh ciia mang da chang thu cép dang nén da
dugc trong modi truong thyuce té di duge nghién ctru ki do
Bao va céng su ¢ cac bai bao [9-20].

Trong h¢ thdng thong tin di dong 5G, dé phuc vu cho cac
két ndi may-may, vi du nhu xe tw hanh, doi hoi d6 tre thip
va do tin cay cao, din den yéu cau goi tin phai ngén [21-
25]. Chiéu dai géi tin ngan dan dén viéc thiét ké va cac dac
tinh cia mang thay d6i hoan toan, ké ca mang truyén thong
da chang dang nén.

Cho dén nay, di co mot s0 nghién ctru va phan tich vé
truyén théng chuyén tiép goi tin ngan, vi du nhu: [25, 26].
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Tuy nhién, chua ¢6 mot nghién ciru day du nao vé truyén
thong goi tin ngin cua mang chuyén tiép da ching cua
mang thir cdp dang nén hoat dong trén kénh truyén fading
Rayleigh.

Trong bai b4o nay, chung toi tip trung vao tim hiéu dic
tinh cia mang truyén thong da ching dang nén trong truyén
thong goi tin ngan. Bai bao bao gdm ba dong gdp chinh la:
i) Bé xuit mé hinh hoat dong cua hé thdng ii) Déanh gia
hiéu ning chinh cua hé thong & kénh truyén fading
Rayleigh thong qua céc tham s6 hiéu nang chinh va iii) Xay
dung chwong trinh Matlab dé kiém chimg cac phan tich ly
thuyét va khao sat dic tinh cua hé thong.

Phan con lai cua bai bao duge trinh bay nhu sau. Phan 11
s trinh bay mé hinh cta hé thong dé xuit. Phan III s& dé
xuat phuong phap phén tich hiéu ning cia hé thong dudi
dang ty 1¢ 161 khoi. Trong Phan IV, chung t6i sé tién hanh
mé phong Monte-Carlo dé kiém ching lai cac két qua ly
thuyét trong phan III va khao sat dic tinh cua hé thong dé
xut. Cudi ciing 1a phan két luan cua bai bao.

I1. MO HINH HE THONG

PU-Tx PU-Rx

1, » » T, «

Hinh1: M6 hinh mang chuyén tlep da chang dang nén trong
truyén théng géi tin ngan.

Xem xét mot hé théng vo tuyén nhan thic bao gom
mang so cap, ky hi¢u Ia PU, va mot mang thtr cap (ky hiéu
la SU). Mang so cap bao gdm may phat so cap (PU-Tx) va
may thu so cap (PU-Rx). Mang thtr cap la mang da ching
v6i K ching chuyén tiép thng tin tir nit nguon (ky hiéu la
T,) dén nut dich (ky hiéu 1a T, ) théng qua K—1 nat

chuyén tiép ky hiéu tr T, dén T, ,.
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Mang tha cap hoat dong dua trén ,ché do dang nen,
nghla la cac may phat cua mang thir cap phai dieu chinh
cong sut phat dé khong gay qué can nhiéu (ngudng chiu
dung can nhiéu cua may thu) cua mang so cap. Qua trinh
truyén thong tin goi tin ngan gitra nat nguon va nut dich
trong mang thir Cap dlen ra trong K khe thoi gian truc giao.
Chung ta ciing gia Sir rang cac nit mang déu duoc trang bi
don anten va hoat dong & ché do don cong.

Xét xét chang tha k, goi h, va f, lan luot 1a hé sb
kénh truyén cua kénh truyén tr T, —>T, va
T, = PU-RX.Goi P, lacong sut phat caa chang tha k
,taco P, trong ché do phat dang nén nhu sau [16, 27]:

P = mm[ ||] 1)

v6i P 1a cong suat phat Ion nhat caa cac nat phét thir cap
va I, lamirc do can nhiéu t6i da ma mang so cap chiu dyng
duoc.

Khi cac nt chuyén tiép sir dung ky thuat giai ma va
chuyén tiep co dinh, ching ta co ty so tin hi¢u trén nhicu
tuong duong cua hé thong la [28-30]

yeZe :mink 7/k' (2)
1. TY LE LOI KHOI

Gia str ring cac chang la doc Iap thong ké véi nhau, ta
cd ty 1€ 16i bit toan trinh cua hé thong nhu sau [16]:

BLER,,, ZBLER H (1-2BLER))
v=u+l
) (3)
={1—H(1—2BLERk)}
2 k=1
véi BLER, laty Ié I5i bit trung binh ciia chang thi k.

O day, chﬁng ta xem xét hai truong hop thuc té, cu thé

IP

va B I —
o kl |
lan lugt hai treong hop.

. Sau day, chiing ta s& xem xét

A. Truong hop 1

Khi P [ — dan dén cong suat phét ¢ chang thu k

P =min| P b | b (4)
k ") IR

Ta c6 ty sb tin hiéu trén nhidu cua chang thi k 1a

2 2
RIhS_ 1 [h
N, N, |fk|2
O kénh truyén Rayleigh fading, ham CDF va PDF cia
7. 1a phan sb cta hai bién ngau nhién ham mii lan luot 1a
[31]

Ve = (%)

F ()=

(6)

7+ak

SO 04B (CS.01) 2020

va

o

7
Gray (@

f, (=

I
Vi o Ll A .
NO )i’f,k
O day, chung ta xem xét truyén goi tin ngan va méi khoi
truyén c6 chiéu dai la m (channel use). Khi m c¢é gia tri du
I6n, vidu m>100, ching tacé thé xap xi BLER, nhu sau
[32]

BLER, ~E, Q[MJ (8)
W) Im
Véi C(yk) va V(7,) lan luot 1a dung lugng Shannon cua

kénh truyen va |a ham tinh toan sy méo dang kénh truyén
theo ty so tin hiéu trén nhiéu, cu thé

C(n)=log,d+7.), 9)

1 2
V(Vk):(l_mj(lo% e) : (10)

Khi nat nguén (T,) truyén o bit thong tin téi nat dich (
T, ) qua K khe thoi gian truc giao, chang ta c6 toc do 15
khéi tuong dwong thbng K chang la
=9 9K \&thop (8), (9), va (10), ta cé

m/K m |

cuia hé

Cr)-r

W) m

Tich phan & (11) khong t6n tai dang dong do su phuc
tap cua ham Q(.) va dbi sb. Pé tinh toan (11), ching ta su
dung xap xi caa ham Q(.), cu thé ching ta biéu dién ham
Q() lai nhu sau [33]:

BLER, zTQ( an (r)d7, - (1Y)

] WP

Cod-r | J1_ _
Q(\/\WJ~ 5 U\/HO/AB 0), P<V<p,

0, Y 2 P2
(12)
V6i u—; 0=2"-1, p =60- ! va
2727 —1 P 20dm
1
=0+ .
P udm

Thay thé (12) vao (11), chiing ta c6 [26]

Py
BLER, ~vvm | F, (3)d - (13)
P

Thay thé (6) vao (13) va thyc hién tich phan, ta c6 [34]

(14)

=ovJm Pn =P~ O Iog[pH—+akj
Pty
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k=1

K
BLER,,, = %{1—]‘[{1— 2uJE[pH

- pL—o log [IOH—WJ:H} (15)
Pt oy

BLEReZezéll—lkj{l 20ym l:pH —p +7, (exp[ nj exp[ Z DH 22)

k=1

BLER,,, ~

K I
ZU\/H|::DH - P~ log (Mj:lv P U p|2

pL+ak |fk
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(29)

Cuoi cling, thay the (14) vao (3), ta cuoi cung c6 duoc
dang dong ty 1€ 16i khoi hé thong cia Truong hop 1 1a nhu
(15).

O ving ty Ié tin hiéu trén nhidu cao, khidé BLER, [J 1
, ta c6 thé xap xi (15) nhu sau [16]:

.(16)
Pt o

, (4) dan dén

~ Y BLER,

k=L
K

= ZU\/H P
k=L

B. Truong hop 2

BLER,,,

Khi P, —

k

|
Pk:min(Pm, f"szPm. (17)

Tir (17), chling ta c6 ty s tin hiéu trén nhidu cua chang thi
k la

18

N, N, (18)
Quan sat dang ciia (18), chiing ta thay rang ty s6 tin hi¢u

trén nhicu ctua chang k s¢ la h¢ thong truyén thong khdng

v0 tuyen nhan thic. O kénh truyen Rayleigh fading, ham

CDF va PDF cua y, trong Truong hop 2 lan luot 12

F. () =1—exp[—7lj (19)
va
£ ——eXp(——]
Yk Yk (20)
Véi 7, = P

NO
Str dung phuong phap tuong ty nhu Truong hop 1,

chung ta thay thé (19) vao (13) va thyc hién tich phan, ta
c6 két qua nhur sau
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Py
BLER, ~ovm [ F, (#)d,
PL
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N

(21)
Chung ta thuc hién thay thé (21) vao (3), chung ta cudi
cung c6 duoc dang dong cua ty 18 13i khdi cua hé théng
trong Trudng hop 2 1a nhu (22). O viing ty I¢ tin hiéu trén
nhiéu cao, BLER, [J 1, ta c6 thé xap xi (22) l1a tong ty lé
15i khéi cua tit ca cac ching nhu sau:

K
BLER,, ~ ) BER, , (22)
k=1

trong d6 BER, c0 thé dugc xap xi biang cach st dung tinh
chat xap xi cua ham mil, cu thé 1—e™* ~, chlng ta viét
lai (21) nhu sau:

Py
BLER, =uvm [ Z-dy
ol L (23)
_ U\/E(pH P ]
i 2
Thay thé (23) vao (3), ta c6 dang xap xi don gia cho nhu

sau:

K 2 2

~ z‘)__ﬂ(uj _ (24)
k=1 Yk 2

] Két hop (16) va (24), ta viét lai cong thuc dang dong

tong quéat cho BLER,,, trong ca hai truong hop nhu (25).

BLER,,,

V. KET QUA MO PHONG

Trong phan ny, chiing t6i s& tién hanh md phong dé khao
sat dat tinh ctia mo hinh dé xuat va kiém ching céac ket
qua phan tich ¢ trén. Ching ta xem xét mé hinh truyén da
chang tuyén tinh nghia 1a cac nut mang bao gom nut
nguon, nut dich va cac nat chuyen tiép duogc dat trén mot
dudng thing véi toa do nit ngudn 12 (0,0), toa d6 nut dich

la (1,0) va toa d c4c nit chuyén tiép thu k 1a (£,0).
Chung ta ciing gia sir ring toa do cua nit nghe 1én 1a
E(Xe, Ye)-
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bé tich hop hi¢u tng suy hao duong truyen vao md hinh
xem xét, chlng ta str dung mé hinh suy hao duong truyén

d -n
don gian nghia 1a A, = Lo[d—oj vai L, va d, lahé
XY
s6 diéu chinh md hinh, d,. 1a khoang cach giira X —Y
va 77 1ah¢ sb suy hao dudng truyén. Cac tham sb h¢ thong
mo phong la cho trong Bang 1 sau ngoai trir cac thay doi
cu thé cho ting truong hop cu thé.

Bang 1: Thong sé mod phdng.

TT | Thamsé | Giatri Ghi cha

1 o 256

2 m 256

3 L, 1

4 n 3 C0 the thay doi tir
2 dén 6 tuy theo
moi truong
truyén

5 N, 1 La gia tri chuan
hoa nham muc
dich kiém chuing
tinh ding dan cua
ket qua phan tich.
Trong thuc te co
thé la tir -90 dBm
dén -60 dBm

6 I, 10 Don vi: dB

N,
7 K 2 S6 chang
8 E(Xe, Ye) (051) Toa do nlt E

0 2 4 6 8 10 12 14 16 18 20
Average SNRs [dB]

Hinh 2: So sanh ket qua phén tich xdp xi ¢ vng ty I¢ tin hiéu
trén nhiéu cao va thap vai ket qua mo phong

Trong Hinh 2, chung ta so sanh két qua phan tich & ving
ty 1¢ tin higu trén nhiéu thip va cao. Chung ta thiy rang
céc két qua 1a pht hop nhu du doén, nghia 13 hi¢u nang cua
hé théng & dang ty 1¢ 16i khi trung binh ¢ ving ty 1¢ nhidu
thép s& cai thién khi ty s tin hiéu trén nhiéu ting. Tuy
nhién ty 1¢ 18i khéi s& bi bao hoa ¢ ving ty 16 tin hi¢u trén
nhidu cao. Két qua trong Hinh 2 chi ra rang cac phuwong
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ding  dan.

phan tich d& xudt Ia

phap

0 2 4 6 8 10 12 14 16 18 20
Average SNRs

Hinh 3: Anh hueéng ciia sé chang I8n ty 16 161 khéi ciia hé thang.

Hinh 2.5 cho chiing ta thdy anh hudng cta sb ching 1én ty
1¢ 16i khoi cua truyén thong goi tin ngan. Chung ta xem Xeét
3 truong hop, 1 chang, 2 chang va 3 chang. Luu y rang
truong hop 1 chang nghia 1a trudng hop hé thdng truyén
diém ndi dlem 1a truong hop chung ta co the xem la tham
chiéu khi mudn so sanh v6i hé thdng truyén da ching. Két
qué trong Hinh 2.5 chi ra ring tang s6 chang s& khong luon
ludn cai thién ty 18 16i khdi cta hé théng. Cu thé trong 3
truong hop xem xét, ty 18 151 khéi tot nhat cho truong hop
2 chang, tiép theo dén 1 chang va x4u nhét 1a truong hop
3 chang. Quan sat nay dan dén mot bai toan t6i vu méi ma
can phai xem xét 1a s6 chang t6i vu cia hé théng.

10

MG phéng
— — —Xép i & viing SNR a0

BLER

0 5 10 15 20 25 a0 35 40
Average SNRs

Hinh 4: Anh hm}ng cua mize dé chiu dung can nhiéu cua mgng
so cap 1én hi¢u nang mang thi cap.

Trong Hinh 2.6, chling ta xem xét anh husng cia mirc do
chiu dung can nhiéu ciia mang so cap Ién ty I¢ 16i khoi
trong truyén tin goi tin ngan cua hé thong thir cap. Ching

ta xem xét 3 truong hop 13 lll—" lan lwot bing 5, 10, va 15
0

dB, khi chung ta thay ddi ty I¢ tin hiéu trén nhidu trung

binh cua h¢ théng tir 0 dén 40 dB va cac tham sb khac la

khong thay doi. Chdng ta thay ro rang ¢ vung ty 1€ tin hiéu

trén nhiéu thap, khi ty I8¢ tin hiéu trén nhiéu tang thi hiéu

nang cua hé thong. Tuy nhién, dén mot muc gisi han, quy

| . .
dinh boi N—p , higu niing ctia hé thong s& bi gi¢i han. Quan
0
sat nay d& xuat chiing ta rang muén tang hiéu nang cua hé
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thdng thir cép chiing ta phai xem xét diém ty s6 tin higu
trén nhiéu ma hé thong hoat dong, va tir d6 s& chon giai
phdp tang ty s6 tin hiéu trén nhiéu cua hé thong thir cap
hay cai thién hiéu nang chdng can nhleu cuia mang so cap.
Ngoai ra Hinh 2.6 ciing chi ra rang xap xi ty 18 15i khi s&
gan vai két qua mod phong (1a két qua chinh xéc) khi ma

| N .
gia tri N—pténg lén, nghia 1a diéu kién xap xi thoa man
0
hon.

V. KET LUAN

Trong bai bao nay, ching toi da de xuit mod hinh mang
chuyén tlep da chang tha cap Vo tuyen nhan thirc dang nen
trong truyen thdng goi tin ngin va dé xuat phuong phéap
danh gia ty 1& 13i khi toan trinh cua hé théng o kénh
truyén fading Raylelgh trong hai truong hop: hoat dong &
vung ty 1¢ nhidu thap va & viing ty 1¢ nhleu cao. Thong qua
két qua mO phong, chung toi da chi ra rang mé rong viing
phu séng bang cach tang s6 lugng céc chang khong phai
luon la mot giai phap tét, nghia 1a véi mot ty 1€ QoS cho
trugc, s& ton tai mot ching cho hi¢u nang t6t nhat. Bén
canh d06, chung ta ciing co6 thé thay rang hiéu nang cia hé
thong & viing ty I¢ nhiéu thap s& duoc quyét dinh bai ty
cOng suat phat tdi da cia may phat va ¢ vang ty & nhiéu
cao s& quyét dinh bdi ngudng can nhiéu chiu dung téi da
ciia mang so cap.
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COGNITIVE UNDERLAY MULTIHOP RELAY
NETWORKS RELAYS IN SHORT PACKETS:
BLOCK ERROR RATE ANALYSIS

Abstract— In this paper, we propose cognitive
underlay multihop relay networks with 5G short packets in
5G communications. We also suggest a novel approach to
evaluate the system performance in terms of system block
(frame) error rate in low and high operating signal-to-noise
ratios (SNRs). Monte Carlo simulation is used to verify the
proposed analysis approach and to confirm the system
advantages over the conventional direct transmission
system. The numerical results show that the secondary
system performance at low and high SNRs is determined
by the maximum transmit powers of secondary transmiters
and the maximum allowable interference levels of the
primay receicivers, respectively.

Keywords—mutihop communications, congive radio,
fading Rayleigh, short packet communications, block error
rate.
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