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Tém wir: Bai bao ndy nghién ctu hiéu niang cua
mang chuyén tiép da chang da duong (Multi-hop Multi-
path) sir dung ky thuat khuyéch dai va chuyén tiép (AF:
Amplify-and-Forward) dudi sy anh hudng cua giao thoa
ddng kénh (CCI: Co-Channel Interference) va phan cing
khoéng hoan hao (HI: Hardware Imperfection). Bai bao
nghién ctu hiéu nang cua ba phuong phap chon duong
(path selection) dugc dat tén la RAND, SHORT va
BEST. Trong phuong phap RAND, mot duong ngiu
nhién s& duoc chon dé truyén dit liéu tir ngudn dén dich.
Trong phuong phap SHORT, duong ngan nhit (co sé
ching thip nhat) s& dwoc chon. Trong phuong phép
BEST, duong tét nhét s& 1a duong ¢6 dung luong kénh
toan trinh tirc thoi 16n nhét trong tat ca cac dudng sin co
gittra ngudén va dich. Pé danh gia hiéu niang cua ba
phuong phap nay, ching t6i dau tién dua ra biéu thuc
tinh ty so tin hiéu trén giao thoa va nhiéu toan trinh (e2e
SINR: end-to-end Signal-to Interference- plus-Noise
Ratio). Sau d¢, xac sut dirng toan trinh (e2e OP: end-to-
end outage probability) trén kénh truyén fading Rayleigh
cua 03 phuong phap RAND, SHORT va BEST s& duoc
danh gia bang cac biéu thic dang déng can dudi (lower-
bound closed-form expressions). Cudi cing, md phong
Monte Carlo s& duoc thuc hién dé kiém ching cong thirc
dwa ra, dé so sanh hiéu ning giita cac phuong phép, ciing
nhu dé thiy duoc sy anh huéng cua cac tham sé hé thong
I&n hiéu ndng mang.

Tir khéa: Chuyén tiép da ching da dwong, khuéch
dai va chuyén tiép, giao thoa dong kénh, phan cirng
khéng hoan hdo, xdc sudt dirng.

. MO PAU

Ngay nay, mang thdng tin vd tuyén mang lai vo sb
rng dung ti¢n ich cho nguoi dung. Bong thoi voi sy phat
trién do 1a yeu cau chit luong dich vu ngay cang cao va
vung pha song rong hon. K¥ thuat chuyén tlep 1a mot ky
thuat hicu qua duoc st dung dé mo rong ving phu séng,
nang cao chat lugng trong viéc truyen dix li¢u va d¢ tao on
dinh cho cac mang truyén thong vo tuyén [1]-[8]. Ngoai
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ra, trong mang cam bién vo tuyén (WSN: Wireless Sensor
Networks), mang Internet két néi van vat (1oT: Internet of
Things), mang adhoc khong day, v.v., cac thiét bi CO su
han ché I6n vé cong suat phat, ning lu(mg, dinh tuyén goi
tin, kha nang luu trit va xt ly dit ligu. Do do, cac nut
mang chuyen tiép trong h¢ thong mang truyen thong vb
tuyen nay phai tu 1ap ké hoach va dinh tuyen cho qué trinh
truyén va nhan dit ligu. V6i mang chuyen tlep da chang,
nat chuyen tiép thuong su hai ky thuat chuyén tlep co ban
dua vao phuong phap xt ly tin hi¢u. Ky thuat dau tién la
ky thuat khuech dai va chuyén tiép AF [3]-[4], cac nat
chuyén tiép sau khi nhan dir ligu s& khuéch dai tin hi¢u
nhan duoc trude d6, roi gui tin hiéu khuéch dai dén nat
tlép theo. Ky thuat con lai la ky thuat giai md va chuyén
tlep (DF: Decode-and-Forward) [5]- [8] cac nat chuyen
tiép nhan dugc dix liu tu nut Chuyen tiép trude d6 sé giai
ma, sau d6 tién hanh ma hoa lai va gii dir ligu d,en nat
nhén tiep theo cho deén dich cudi cung. Ta co thé thay rang
ky thuat chuyén tiép DF phtic tap hon AF, nhung ky thuat
DF dat duoc hi¢u nang t6t hon, do khong tich liy nhiéu
tai nat chuyén tlep nhu AF. Pé nang cao hiéu nang cho
c4c mang chuyén tlep hai chang (two-hop hay dual-hop
relaying networks), cac ky thuat chon lya nit chuyén tiép
don trinh (PRS: Partial Relay Selection) va toan trinh
(FRS: Full Relay Selection) dugc dé xuat (xem cac tai ligu
[4]-[8]). Trong k¥ thuat PRS, nit chuyén tiep t6t nhat
duogc chon theo théng tin trang thai kénh tr‘uyen tuc thoi
(CSI: Channel State Information) gifra nguon va cac nut
chuyén tiép [4] hoic giira dich va céc nut chuyen tiép [5].
Trong k¥ thuat FRS, nit chuyén tiép tot nhat dugc chon
dua vao CSI tac thoi cua ca hai ching [6]-[8]. K¥ thuat
FRS phtrc tap hon ky thuat PRS, nhung FRS dat dugc
hiéu ning toan trinh t6t hon PRS.

Khac vai cac cbng trinh [2] [8], céc tai lieu [9]-[12]
nghién ctu mang chuyén tlep da chang (Multi-hop
relaylng network). Cac tac gia cua [9] va [10] Ian luot
danh gid hi€u ndng toan trinh cua mang chuyen tlep da
chang vai cac nut chuyen tlep AF va DF. Dé cai thién
hi¢u néng cho mang chuyen tlep da chang trén cac kénh
truyen fadlng Cac tac gia trong cac cong trinh [11]-[12] da
dé xuét cac mo hinh cong tic da chang (cooperatlve multl-
hop). Khac vai md hinh chuyen tiép dir lieu thong thuong
[9]-[10], cac nat chuyén tlep trong md hinh cong tac da
chang s& nhan dir ligu tir cac nut phia trude do, két hop
ching lai hodc xur ly mét cach thich hop, de néng cao kha
nang giai ma dir ligu tai cAc nit chuyén tiép. Mac du, cac
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giao thuc dé xuat trong [11]-[12] dat dugc hiéu nang cao
hon hén cac giao thuc thong thuong, tuy nhién, cac giao
thirc nay rat kho trién khai trong thuc té vi can su dong bo
giita tit ca cac nat trén mot tuyén. Tai lidu [13] dé xuat
mot giai phdp don gian hon, do 1a su dung céc nat cong
tac & ngoai tai moi chang Tuy nhi€n, nhuoc diém cua
giao thirc nay do 1a thoi gian tré s& rat Ion, do sy cong tac
tai mdi chang sé ton nhiéu hon 01 khe thoi gian. Trong
cac cong trinh [14]-[16], cac tac gia dé xuat mod hinh
chuyén tiép da ching da duong, trong do, duong t6t nhat
s& dugc chon dé gui dit lidu den dich. Tuong ty nhu [11]-

[13], céc giao thirc duge dé xuat trong [14]-[16] ciing dat
duoc do lgi phan tap va hiéu nang toan trinh cao hon, khi
S0 sénh Vi céc giai phéap truyén théng.

Cong trinh nay nghién cau mo hinh chuyen tiép da
chang da duong su dung cac nat chuyen tiép AF dudi sy
tac dong chung cua giao thoa ddng kénh CCI va phan
cing khong hoan hao HI. Biém khac biét chinh giita bai
bao nay va cac cong bé lién quan khéc s& duoc trinh bay
cu thé nhu. Trong cong bd [17], nhém téc gia khao sat sy
anh huong cia HI 1én hiéu niang mang chuyén tiép da
chang. Tuy nhién, cac tac gia trong [17] khdng xeét sy tac
dong caa CCI én hi¢u niang cua h¢ thong. Mic du cong
b [18] khao sat sy tac dong chung cia CCl va HI, tuy
nhién chi mo6 hinh don duong gitra nguon va dich duorc
xem xét trong céng bd nay. Céc cong trinh [14]-[16]
nghién ctu hiéu ning cac mé hinh chuyén tiép da chang
da duong trén kénh fading Rayleigh. Tuy nhién cac nhom
tac gia nay da khong khao sat sy tac dong cua HI [14]-
[15] va CCI [14]-[16] Ién cac thong so hi¢u ndng h¢
thong Tai ligu [19] dé xuat md hinh chon duong t6t nhat
dé giam xéc suat dirng toan trinh cua hé théng dudi su téc
dong chung cua CCI va HI. Theo sy hiéu biét tét nhat cua
chlng tdi, hau hét cac cbng trinh nghién ctu vé sy tac
dong cua CCI va/hoac HI (nhu [14]-[19]) déu chi lién
quan dén giao thirc chuyén tiép DF. Pay la dong luc dé
ching t6i nghién cau moé hinh chuyen tlep su dung AF.
That vay, bai bao nay dwoc phat trién tir cong trinh [20]
ciia nhom nghién ctru, trong d6 ky thuat chuyén tlep da
ching AF dugc sir dung dé truyén dit liéu tir nguon dén
dich vai sy anh huong chung cua fading kénh truyén, CCI
va HI. Tuy nhién, cng trinh [20] chi xét mang don dudng
va gia sir chi ¢6 01 nguén giao thoa tac dong lén céc thiét
bi thu. Trong bai bao nay, chung t6i nghién cttu m6 hinh
da duong va dé xuét cac phuong phap chon duong khac
nhau dudi sy anh huong caa CCI dén tir nhiéu ngu0n giao
thoa. Do d6, mé hinh hé thdng cua bai béo nay la mot
treong hop téng guat ctia m6 hinh duoc nghién cuu trong
[20].

Tiép dén, nhimg dong gop chinh cua bai béo s& dugc
liét ké nhu sau:

- M0 hinh h¢ théng trong bai béo c6 thé dugc ap dung
va trién khai cho cac mang thong tin vo tuyén nhu
mang cam blen vO tuyén (wireless sensor networks)
mang VO tuyen ad-hoc, v.v. Trong cidc mang nay,
thiét bi vo tuyén thuong c6 néng luong, kha nang luu
trit va xt ly han che Do do, viéc truyen dir ligu
thdng qua chuyén tiép trén cac chang ngan s& phu
hop, va la ky thuat thuong xuyén dugc nghién ctu
ap dung trong cac cong bd trude day.

- Bai bao dé xuat md hinh chuyén tiép da ching da
duorng st dung ky thuat AF. Hon nita, sy tac dong
cua Cac yéu t6 moi truong trong thuc té nhu fadmg
kénh truyén, CCI va HI ciing dugc nghién cau va
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phan tich.

- Bai bao d& xuét ba phuong phap chon duong dugc
dat tén la RAND, SHORT va BEST. Trong phuong
phap RAND, mot duong ngau nhién s& duoc chon dé
truyén dir ligu dén dich. Phuong phap SHORT chon
duong ngan nhat, trong khi phuong phap BEST sé&
chon duong ¢6 dung lugng kénh toan trinh 16n nhit.

- Pé danh gia hi¢u néng h¢ thong céc biéu thirc chinh
X&c tinh ty s6 tin hi¢u trén glao thoa va nhiéu toan
trinh (e2e SINR) s¢ dugc xay dung. Sau do, ching
t6i tién hanh phén tich xac sut dung toan trinh (e2e
OP) trén kénh truyén fading Rayleigh bang céc biéu
thuc dang dong can dudi.

- Cac mo phong Monte Carlo s& dugc thyc hién dé
kiém chung cong thirc dua ra, cling nhu dé so sanh
hiéu nang gitra cac phuong phap dé xuét.

Phan con lai ciia bai bao duoc t6 chirc nhu sau: trong
phan I, md hinh h¢ thong khao sat s& dugc trinh bay.
Trong phan III, ching t6i danh gia hi¢u ndng cua mod hinh
trén kénh fading Rayleigh bing céac bleu thac toan hoc
dang dong can dusi. Phan IV cung Cap cac két qua mo
phong va phan tich ly thuyét. Cudi cuing, cac két luan va
huéng phét trién ciia bai bao dugc dua ra trong phan V.

1. MO HINH KHAO SAT

Hinh 1 mé ta mé hinh hé théng duoc nghién ctu trong
bai béo. Trong md hinh nay, nguon N muén gui dir li¢u
dén dich N, . Gia sir rang, ton tai K duong giira nguon va
dich, va ngudn phai chon mot trong cac duong nay de
truyén dir liéu cua minh dén dich, do su truyén tryc tiép
khong thé thyc hién duoc boi khoang cach xa gitra chlng.
Viéc thiét lap cac duong gitra ngudn va dich c6 thé duoc
thuc hién tai 16p mang (network layer). Tuy nhién, dé
thuan ti¢n va don gian cho viéc mo ta va danh gia hoat
déng cuia cac phuong phap chon duong, ta co thé gia su
cac duong nay da duoc thiét lap trude do (twong tw cac
cong trinh [14]-[16]). Gia sir rang ¢6 T, nut chuyén tiép

trén duong thir k, véi k=12,...,K, T, >1. Dé thuan tién
cho viéc mo ta hé thdng, cac nat chuyén tiép trén duong
tha k duoc dat tén la N, véi t=1,2,..,T, . Cing trong
Hinh 1, gid su rang ton tai M ngudn giao thoa gay ra nhiéu
Ién cac thiét bi thu trong mang. CAc ngudn giao thoa dwoc
ky hiéu 1a 1,1,,...,1,,. Trong trwong hop M =0, hé
théng s& khong chiu téc dong cua CCl. Tét c4 cac thiét b
chi c6 01 ang-ten va hoat dong ¢ che do ban song cong.
Do @6, su truyén dir liéu trén duong the k sé phai thyuc
hién trong T, +1 khe thoi gian truc giao, st dung phuong
phap da truy nhap phan chia theo thoi gian (TDMA).

Nguon |/

Hinh 1. M6 hinh hé théng khao sat.
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A. Sitruyen diz liéu trén duong thir k

Gia st rang nguon N chon duong tha k dé truyén dir
lidu dén dich. Trong khe thoi gian thi nhat, nguon N giri
dit ligu dén nat chuyén tiép N,,. Nt N, , s& khuéch dai
tin hiéu nhan duoc, va gui dén nat N, , trong khe thoi
gian tha hai. Tién trinh ndy tiép tuc duoc thuc hién cho
den khi nat chuyen tiep N, ; khuéch dai tin hi¢u nhan
duoc tir ndt N, 1, va gui tin hiéu nay dén dich N, trong
khe thoi gian cudi cang.

Xet tin hiéu nhan duoc tai N, , trong khe thoi gian thir
nhét; dudi sy tac dong chung cia CCI va Hl, ta thé viét:

YN, = PNS hNS,Nk,1 (Xs +’7NS,NK1)

M
+Z \IQIM glm'Nk.lxlm +/’1Nk‘1’
m=1

trong d6, P, la cong sudt phat cia nguon Ng, Q, la

@

cong suét phat cua nguon giao thoa I, X 1a dit ligu nguon
Ng, X, ladi liéu cua nguon giao thoa I, hy_  1ahésd
kénh fading Rayleigh gitaNg vaN,,, g, ,, la h¢ sb
kénh fading Rayleigh gitia I, vaN,,, 7y, 1a nhiéu gay
ra do HI tai nit phat Ngva ndt thu N, 4, la nhiéu
Gauss trang cong tinh tai N, , .
ﬂDé don gian cho vi¢c trinh bay cac cong thuc, ta co
thé gia sir cOng suat phat cua tat ca cac nat bao gom
nguon Ny va tat ca cac nat chuyén tiép déu bang nhau va
bang P: B, =R, =P(¥kt). Cling vy, ta c6 the gia sit
rang céng suat phat cia cac ngudn giao thoa la giéng
nhau: Q_ =Q(¥m). Tuong tu nhu cong trinh [6], [19],
[21]-[22], 77y, 1a Mot bién ngdu nhién c6 phan phoi
Gauss, c6 gia tri trung binh bang 0 va phuong sai 14 &2.
x*1a hang s6 mo ta mac khiém khuyét phan cing tong
cong tai thiét bi phat va thiét bi thu. Ta cling co6 thé gia su
rang cac nutN,, co cung cau tric phan cing, va do do
muc khiém khuyét phan cang trén tat ca cac lien két
N, — Ny, déubang«”. Déi véi nhiéu Gauss trang cong
tinh, ta ciing gia sir ring phuong sai cua nhidu nay tai tat
ca cac thiét bi thu déu nhu nhau va bang o .
Tur cong thue (1), ta ¢ thé xay dung biéu thic tinh
SINR tac thoi dat duoc tai nut N, ; nhu sau:

Plhyn,, I
P = 2 2 M 2 2
kPl w,, | +Q) | 9, n, | 00
m=1
(2
A?’k,l
= = )
KZA?’k,l +Tz¢m,k,1 +1
m=1
Trong cong thirc 2), Yea =1 Mg, §

VA @0 =10, P 1a cac do loi kénh, A=P/o} va

¥ =Q/ o laty sb giira cac cong suat phat va nhidu cong.
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Sau khi nhan y,, tir ngudn, nit N, , s& khuéch dai tin
higu nay va chuyén tiép tin hiéu khuéch dai dén nat N, , .

Tuong ty nhu cong thirc (5) trong tai liéu [20], tin hiéu
nhan duoc tai N, , s& duoc viét nhu sau:

yNk,Z = hNk,ka,z (Gkvlme +77Nk,1lNk‘2 )

M
+z\/69|m:Nk‘z le +'uNk,2 !
m=1

trong do, hy_ ,, 1a hé sb kénh fading Rayleigh gitta N,

©)

va Ny, 9, n, laheé s6 kénh fading Rayleigh gitra 1, va
Nezr 7y, ., 12 nhiéu gay ra do HI tai nit phat Ny, va nit
thu N, 4, 1a nhifu Gauss tring cong tinh tai
Ne2» Gy, 12 hé s6 khuéch dai ma nat N, , st dung. Tuong

ty cong thac (4) cua tai lieu [20], hé sb khuéch dai
G, ; dugc tinh nhu sau:

P
Gk2,1 = M ) “)
PY1 (1+ KZ)JFZQ%,M +o!
m=1

Hon thé nita, phuong sai cia 7y, ,, trong cong thic
(3) ¢ thé duoc tinh (trong tu nhu [20] va [22]):

Var{ny, b =GLE I, )
= KZGkZ,l(Pykl (1+ K2)+iQ¢mykvl+o§j (5)
m=1

=x*P,

véi E{} 1atoan tir ky vong toan hoc.

Két hop cac cong thic (3), (4) va (5), ta dat dwoc SINR
tai Nk,z nhu sau:

%,1@,2 , (6)
W+ @, +1
voi o, duge dua ra trong cong thuc (2), va o, , dugc

AN, =

tinh tuong tu @, ; nhu bén dudi:

Ay,
@, = o @

M H
KZA?’k,z + \PZ Pk 1
m=1

|2

o day, 7, o hN“,Nk‘2 I, Ponk2 = 9N,

Tuong tu, nut N, , s& khuéch dai tin hiéu nhan dugc
Yy, , V& gui dén nat tiép theo. St dung phuong phap quy
nap toén hoc, ta c6 thé dwa ra cong thirc tinh SINR tai
dich N nhu sau:

T+l
[T

- t=1
ANok =TT Tl : 8

H(1+wk,t)—l;[a¢,l

t=1

Trong cong thic (8), @, , dugc xac dinh nhu sau:
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P | hNk‘(—llNk‘l |2
Bt = 2 2 M 2 2
K*Plhy, o, P Q19 , [ Ha0
m=1
©)
Ayk,t
= T ,
KzA?’k,t +Tz¢m,k,t +1
m=1
o day, thYN“ la hé sb kénh fading Rayleigh giira Ny

va N, 0, , lahé s6 kénh fading Rayleigh giira |

N 2 T ~
va N i =lhy v, V8 @i =19, 718 céc dO
loi kénh tuong tmg. Ta ciing cht ¥ rdng N, , = Ng va
Nk.Tk+l =Np.

Tiép dén, dung lugng kénh toan trinh tac thoi dat duoc
trén duong thir k duoc viét ra nhu sau:

C, =_|_k—+1I092 (1 2y )- (10)

Trong cong thic (10), he sé 1/ (T, +1)xuét hién do su
truyén dir lidu dwoc thyuc hién trén T, +1 khe thoi gian
truc giao.

B. Cdc phwong phap chon duwong

Nhu dd d& cap ¢ trén, 03 phuong phéap chon dudng s&
dugc nghién ctru va so sanh. Trong phuong phap RAND,
nguan s& chon ngau nhién mot duong dé truyén dir liu
dén dich. Viéc thyc hién phuong phap RAND la don gidn,
khi gitta ngudn va dich chi can ton tai it nhat 01 duong.
Hon thé nira, giao thuc RAND co thé dat dugc can bang
tai cho cac nat chuyén tiép khi cac duong c6 thé lan luot
duoc sir dung dé truyén dir ligu (tranh viéc mot dudng nao
d6 luén dugc chon).

Dol Voi phu’(mg phap SHORT, nguon s€ chon duong
ngdn nhat trong cac duorng sin c6 dé truyen dir liu. That
vay, duong ngan nhét s& cd thoi gian tre ngan nhat nén co
thé nang cao hiéu qua sir dung phd tan cho hé thdng. Vé
mit toan hoc, ta ¢ thé viét phuong phap SHORT nhu
sau:

a=arg, mln (1+Tk). (11)

Cong thuc (11) ¢o nghla rang ngudn s& chon dudng
thir a dé truyen dir liéu, véi diéu kién khi so6 chang 1+T,
dat gia tri nho nhat.

‘Trong thyuc té, néu ¢6 nhiéu hon 01 dudng c6 s6 chang
ngan nhat, vi du: c6 03 duong gitra nguon va dich, trong
do so chang cua duong thir nhat va duong thir ba 1a 04, va
s6 chang caa duong th hai 1a 05. Trong trudng hop nay,
ngudn Ny trong phuong phap SHORT s& ngau nhién chon

duong thu nhat hodc duorng thir ba dé gui dit ligu den
dich. Do d6, néu tat ca cac duong gitra ngudn va dich déu
c6 sb Chang bang nhau, thi hai phuong phap SHORT va
RAND sg giong nhau.

Tlep dén, ta xét phu’(mg phap BEST, trong d6, duong
t6t nhat phdi 1a duong co dung lugng kénh tac thoi toan
trinh 16n nhat. That vay, duong duoc chon trong phuong
phép BEST s¢ la:

b=arg max (C,). (12)
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Tuy nhién, viéc trién khai phuorng phap BEST s¢& phtic
tap nhat, boi phu(mg phap nay yéu cau tat ca cac nat phai
ude lugng chinh xac hé sb kénh truyen cua kénh dir liéu
va cd kénh giao thoa. Hon thé nira, cac nat phai gui cac
thong tin kénh truyen vé nat nguon de nat nay chon duoc
duong tot nhat. Biéu nay c6 thé tiéu ton nhiéu thoi gian va
ning lugng cta cac ndt trong mang.

ll. DPANH GIA HIEU NANG

A. M0 hinh kénh truyén

Gia sir rang tat ca cac kénh truyen gitra cac nit a kénh
fading Rayleigh. Ta ciing gia sir rang cac kénh truyen la
kénh fading cham (slow fading), do d6 cac h¢ so_kénh
truyén dugc gia su la khong thay ddi trong subt mdi chu
trinh truyen dix ligu glua nguon va dich. Béi vi bién do
cua cac kénh truyén c6 phan phéi Rayleigh, cac do loi
kénh 7, va @, déu c6 phan phdi mil (exponential
distribution). That vay, ham phéan phdi tich luy (CDF:
Cummulative Distribution Function) cia 7, , va @, lan
luot duoc viét nhu sau:

. (X):l_exp(_ﬂk,tx),
F(/’m,k‘( (X) :1_exp(_Qm,k,tX)v

trong d6, cdc tham sb dac trung A4, va Q,, s& duoc
biéu dién nhu trong [3]-[5]:

Ao =UE{p b=di .
Qm,k,t =1/ E{(om,k,t} = dfnka‘l,

v6i dy  n,, & khodng cach gitra hai ndt N, ., va N,

(13)

(14)

d, \., lakhodng cach gitra hai ndt I, va N, ., va g la
hé s6 suy hao duong truyén.

Tur cbng thac (13), ta dat duge cac ham PDF tuong
ung nhu sau:

f, (X)= A, exp(=4X),
Fne (X) =i eXp(—Qm,kth).

B. X&c suat dirng (OP) cuia duwong thiz k
Xéc suat dirng cua duong thi k dugc viét nhu sau:
OR, =Pr(C, <C,), (16)
va6i C,, 1a mot ngudng dung.

(15)

Thay céc cdng thac (8) va (10) vao trong (16), ta co:
OR = Pr(lND,k < pk)

T +1
[ I 17
=Pr = <p |-

T+1 T +1

[ T(2+ wk,t)—l;[wk,t

t=1

Voi
pc=2"((1+T,)Cy )-1L. (18)

Boi vi ta khong thé dat duoc mot biéu thic dang twdng
minh cho x4c sut trong cong thte (17), do d6 bai bao chi
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dwa ra cong thuc tinh xap xi. That vay, ty sé SINR toan
trinh xy, « &€ dugc chdn trén nhu trong [20] va [23]:

t=1,2,. T+1(

Aok = @t) (19)

Vi viy, Xac suit dung toan trinh cua duong thi k s&
duoc chan dudi nhu sau:

OPR, > Pr(tzlmi?k +1(cq(’t )< A ) (20)
Két hop cac cong thic (9) va (20), ta 6 thé viét:

T+l

(a)k‘t)<pk)=1—1:1[[1—Pr(a)kyt < p4 )J

Pr( min

t=1,2,..., T+

(21)
T+l A
~1-[|1-Pr s <p,

= K2A7k,t +\Pz(pm,k,t +1
m=1
L Jk" .
Xét xac suat J, trong cbng thic (21), st dung cac
ham CDF va PDF dat dugc trong (13) va (15), ta co:

M
Ji = Pr[(l_ K, )A7k,t <p+¥p Z(pm,k,tj' (22)
m=1

Quan sat tir cdng thuc (22), ta thiy rang xac suit s&
lubn bing 1 néu 1-x?p <0. Trong truong hop

1-x%p, >0, taviét tiép (22) dudi dang sau:
M
J =Pr (%«r <Ot 0k,t,22¢m,k‘tj

M
I I F, (9m+t9mz><j fon (X)) (23)
B =1 m=1
dex
m=1

m
Voi

¥
O =—2—— 4 A (24)

(1—7( pk)A’ k2 :(1—K2pk)A.
Thay ham CDF F, (.) trong (13) va cac ham PDF

f, () trong (15) véo trong cong thirc (23), sau mot s6
phép tinh tich phén, ta dat duoc két qua sau:

M Q
‘Jk,t:1_exp(_ﬂk,t6k,t,1)l_‘[$te- (25)
Qe Al

Két hop céac cong thuc (20), (21) va (25) ta dat duoc
mot biéu thirc dang dong can dudi cho xéac suat dirng toan
trinh cua duong thir k nhu sau:

T +1 M Q
OR >1-11| exp(-4.0 Tkt (26)
“ 1;[‘: ( ! km)lm_:!Q ke T b2
C. Phan tich si anh hwong cua Hl
Dé thiy r6 su tac dong cua Hl, tir cac cong thirc (8) va
(9), taviét lai z,,_, dudidang sau:
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1
ok =Tm
11+ o,)-1
- . @7)
=Tk+l . Dok 1 1'
+K°+ = -
]t:[( < Az—l Vit Aykt]

Nhin vao cdng thirc (27) ta thiy rang hiéu ning cua
mang khuéch dai chuyén tiép da chang sé glam khi muc
khiém khuyét phan cang (x”) tang. Hon thé nita, nhidu
phan cimg con tich lity theo ting chang, va do d6 ty sb
SINR cua duong thi k s& khdng thé vuot qua gisi han trén
sau:

1
- . (28
(1+4%)"" -1 )

ZND Tk+1
[T@+x*)-1
t=1

Tir cong thirc (28), ta dé dang suy ra ring, su truyén
dit liéu trén duong thir k s& ludn bi dung (OP, =1), néu
nhu:

1
———=<p, 29
(1+K2)Tk+1_1<pk ( )

Do d0, ta co thé dinh nghia m{rc suy giam phan Cung

t6i han khi truyén chuyén tiép di liéu trén mot tuyén co
T, +1 chang nhu sau:

1
l+ T+l
Kok = [ A j 1, (30)
P

Cu thé hon, miic suy giam phan cang téi han xZ,, 1a
muc suy hao phan cing ma néu vuot qua gia tri nay, su
truyen dir ligu trén duong tha k s€ luon ludn bi dung. Cho
nén, dé tat cd cic duong deu co the duoc s dung dé
truyén dir liéu thi muc suy hao phan ciing can phai thoa

man cdng thac sau:

K* < min (Kfmk). (31)
Cing tir cong thic (29) ta xét mét bai toan khac nhu
sau véi mac suy giam phan cting ¢ dinh cho truée la
x?>0,dé qua trinh truyen va nhan di liéu gitra ngu0n va
dich luon dién ra, tir cdng thic (18) va (29), s6 chang gitra
nguon va dich phai thoa man diéu kién sau:
1
(14?)"" -1

((1 K )”1—1)(2(““) " -1)<1

D. X&c suat dang (OP) cia cdc phuwong phdp chon
duong
Trong muc nay, Xac suit ding cua cac phuong phap
nghién ctu s& dugc phén tich. Dau tién, ta gia sir rang
diéu kién trong cong thirc (31) thoa maén, va do do, tat ca
cac duong déu c6 thé duoc chon dé gui dir liéu.

> P
(32)

Xét phuong phiap RAND; boi vi Xac suit ma cac
duong dugc chon la bang nhau va bang 1/ K, nén xac suat
dimg ciia phuong phap RAND bang trung binh cong xac
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suit dimg cua tat ca cac duong giita nguon va dich. Cu
thé,

ZOP (33)

Két hop (26) va (33), ta dat duqc cbng thac dang dong

can dudi cia OR,,,, nhu sau:
O } (34)
m k.t + ﬂk ek t,2

D6i voi phuong phép SHORT, xéc suat dimg toan
trinh ctia phuong nay dugc viét nhu sau:

OPRyiorr = OF,

a

OPRAND 2

15 H w40 T

k=1

T+l M Qm at :I (35)

>1- H{exp( ) [ lg—"5

ml m,a,t a,t”at,2

Dbi véi phuong phap BEST, dau tién, ta co:
OPyesr = PI‘(Cb < Cth)

_Pr( max K(Ck)<cth)=HPr(Ck<Cth) (36)

K
=] ]or..
k=1
Cong thac (36) c6 nghia rang X&c suat dung cua
phuong phap BEST bang tich xac suat dung cua tat ca cac
duong san cé glua nguon va dich. Sir dung cong thic
(26), ta dat dugc cdng thirc (37) nhu sau:

OResr =
K T+l Q (37)
1— exp 2] _ "Tmkt
H{ 1:1[[ ( ~a kll)H Qpt + At 9kt2:|}
IV.KET QUA

Trong muc nay, cac két qua md phong Monte Carlo s&
duogc thyc hién dé kiém chuang cac cong thic xac suit
dung toan trinh cua cac mé hinh RAND, SHORT va
BEST. Méi truong m(; phong la he truc toa d6 Oxy, trong
d6 nguon N duoc co dinh ¢ goc toa do (0,0), dich N,
co vi tri la (1,0), va nat N, duoc dat ¢ vi tri
(t/(T,+1),0), véi k=12,..,K, t=12,..,
vi tri nay, khoang cach giita ngudn va dich duoc ¢6 dinh
bang 1, va khoéng cach gitra hai ndt ké nhau trén duong
thir k 1a 1/ (T, +1). Dé tap trung vao su tac dong ciia CCl
va HI Ién xé4c suét dung hé thong, trong tat ca cac két qua
mo phong va ly thuyét, ta gia st rang cac ngu0n giao thoa
1, dugc c¢b dinh & vi tri (0.5,-0.5), hé s6 suy hao duong
truyén B c¢d dinh bang 3 va phuong sai ctia nhiéu cong
(o?) bing 1. Trong céc hinh v&, cac két qua md phong

T,. Voi cac

dugc ky hiéu la Sim (Simulation) va cac két qua ly thuyet
dugc ky hiéu 1a Theory. Sé phép thir duoc sir dung dé
thyuc hién mo phong Monte Carlo 14 tir 5%10° dén 5*10°.
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10 = = =

A

,a
o
®

Y

®  RAND-Sim (M=0) N
¥ SHORT-Sim (M=0)
B RAND-Sim (M=1)
*  SHORT-Sim (M=1)
RAND-Theory

SHORT-Theory
I I
L L
5 10 15 20 25
A (dB)

10°

[T

o
o —

10

Hinh 2. Xéc suét dirng toan trinh vé theo A (dB) véi
w=15 dB, K=3 T,e{1,22}, «*=0 va
C,, =0.25.

Hinh 2 v& xac sut ding toan trinh cua phuong phap
RAND va SHORT theo A (dB). Trong Hinh 2, s6 duong
gita ngudn va dich 1a 3 (K =3), va sé nat chuyén tiép
cua 03 duong ndy 1a 1, 2 va 2, (T,=1,T,=2,T, =2).
Ciing trong md phong nay, céc thiét bi duoc gia st 1a hoan
hao x? =0, nguong dimg dwoc cd dinh biang 0.25
(C,, =0.25), va W =15 dB. Nhu c6 thé quan sat trong

Hinh 2, x4c suat dirg OP cua hai phuong phap RAND va
SHORT glam khi Ating. D6 la vi khi A ting, cong suat
phat ctia cac nit ting nén hi¢u ning OP glam Ké tiép,
ching ta cé thé thay ring OP caa ca hai mé hinh trong

trudng hop khong co6 CCI (M =0) thap hon rit nhiéu
trong truong hop ¢6 CCl (M =1). Hon nifa, trong Hinh
2, phuong phiap RAND dat dwoc gid tri OP thip hon
phuong phap SHORT. Tuy nhién, dd chéch Iéch hiéu
nang la khong 16n trong ca hai truong hop M =0 va
M =1. Quan sat & cAc gié tri A lon, ta thdy rang duong OP
cta ca hai mo hinh song song véi nhau, diéu nay ching to
rang hai phuong phap RAND va SHORT c6 d9 lgi phan
tap bang nhau. Ching ta cung lwu ¥ rang cac gla tri mé
phong (Sim) chinh [& cac gié tri OP chinh xac cua hai
phuong phap RAND va SHORT, trong khi do6 céc gia tri
ly thuyet chi la cac gia tri chan dudi cua hi¢u nang xac
sudt dimg. Hinh 2 ciing cho thdy rang khiM =0, gié tri
OP m6 phong s& hoi tu vé gia tri OP ly thuyét khi A du
I6n. Tuy nhién, cac gia tri OP mo phong va ly. thuyét
khong hoi tu vé nhau khi cé su xuat hién cua ngudn giao
thoa. Hon nita, khi M =1, x4c suét dung cua ca hai
phuong phiap RAND va SHORT déu rét 16n, dac biét xac
suit dirng hau nhu bang 1 véi cac gid tri Atir -5 dB dén 5
dB.
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Hinh 3. Xac suét dtng toan trinh vé theo A (dB) véi
¥Y=20dB, K=2, T, e{l,3}, x*=0.01 M =1

va C, =0.25.

Hinh 3 so sanh hiéu nang OP cua ca 03 phuong phap
nghién cuu khi ¥ =20 dB, K=2,

T, €{13}, ¥*=0.0L, M =1 va C, =0.25. Nhu ta c6 thé

thay, mo hinh BEST dat dugc gla tri OP thap hon rét
nhiéu khi so sanh véi 02 md hinh con lai. Nguyen nhan la
vi mé hinh BEST lya chon duong dya vao dung luong
kénh toan trinh tic thoi, trong khi phuong phap RAND va
SHORT khong quan tdim dén chat luong kénh truyen
Tuong tu nhu Hinh 2, Hinh 3 cung cho thiy rang gié tri
OP cua phuong phdp RAND va SHORT la kha I6n (I6n
hon 0.01) khi ¢6 sy xut hién caa ngudn nhiéu (M =1).
Quan sat tir hinh V&, ta ciing thdy rang d6 doc cua OP
trong phuong phap chon duong BEST 16n hon cac
phuong phap con lai. Do 1a vi phuong phap BEST chon
duong c6 dung luong kénh toan trinh 16n nhat trong cac
duong san cd, va vi vay, BEST dat dugc do lgi phan tap
cao hon hai phuong phap RAND va SHORT. Trong Hinh
2 va Hinh 3, ta ciing thdy rang viéc chon dudng ngan nhat
khong hiéu qua trong méi trudng cd sy tac dong chung
ctia CCI va HI. Nhu chung ta c6 thé thdy, OP cua phuong
phép chon duong SHORT Ién hon OP cua phuong phap
chon dudng RAND trong ca hai Hinh 2 va 3.

Trong Hinh 4, OP cta 03 phuong phap nghién ctu
dugc vé theo A (dB) khi ¥ =15dB, x* =0.01, M =2va
C,, =0.25. Hon nita, gia sir rang tat ca cac duong déu co
s6 nat chuyén tiép bing nhau va biang 2, tac la
T, =2(vk).Nhu da dé cap & trén, trong truong hop nay,
hiéu nang cua hai mé hinh RAND va SHORT la tuong
duong nhau va Hinh 4 da minh ching diéu nay. Ciing
trong Hinh 4, ta xét hai thng hop: so duc‘rng (K) gitra
nguon va dich bang 2 va bang 3. Boi vi hai md hinh
RAND va SHORT khdng phu thugc vao s6 duong giira
ngu0n va dich nén OP cua ca hai mo hinh nay khéng thay
doi khi K thay d6i. Tuy nhién, gia tri OP ciia phuong phép
BEST lai giam dang ké khi K tang tir 2 1én 3. Nhu da
chting minh trong céng thuc (36) OP cua phuong phap
BEST s& bang tich OP cua cac duong, va do dé, khi sb
duong tang thi OP cla phuong phap nay s& giam. Hon
nita, do dbc cua duong OP trong phucmg phap BEST véi
K =3 16n hon do déc voi K = 2. Biéu nay c6 thé dugc giai
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thich rang phuong phép BEST dat duoc do loi phan tap
cao hon khi ton tai nhiéu duong hon giira ngudn va dich.
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Hinh 4. Xac suét dirng toan trinh vé theo A (dB) véi
¥=15 dB, T,=2(vk), ¥*=00L, M=2 va
C,, =0.25.
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Hinh 5. Xac suét dimng toan trinh vé theo T véi A=15
dB, K=2, ¥*=0.01, M=0va C,=05.

Hinh 5 nghién ciru sy anh huong caa sé ching 1én hiéu
nang cua cac phuong phép nghién ctru. Trong mo phong
nay, ta gla sir ¢6 02 tuyén gitta ngudn va dich (K = 2) va
khong cé su anh huéng cia CCI (M = 0). Hon nira, gia sir
rang tat ca cac tuyén déu c6 sb chiang bang nhau va bang
T T =T (Vk) Vi vay, gié tri OP cua md hinh RAND va
SHORT s¢ gibéng nhau nhu dugc thé hién trong hinh vé
nay Céc thong sb khac duoc thiét 1ap trong Hinh 5 la

=15 dB, C, =05 va x*=0.01. V6i cac gia tri

Cth =0.5va x? =0.01, dva vao cong thirc (32), ta co:

(1.001" —1)(2“”) 1) <1. (38)

Giai bit dang thirc (38), ta c6 T <6. Va day 1a 1y do
tai sao trong Hinh 5, khi T =7 thi OP cua ca 03 md hinh
RAND, SHORT va BEST déu bang 1. Ciing trong Hinh 5,
ta ciing thay rang s6 chang ciing tac dong dang ke én hi¢u
néng OP toan trinh. Trong hinh v& nay, ta ciing thdy rang,
ton tai gidtricaa T dé xac suét dung cua cac mo hinh dat

TAP CHI KHOA HQOC CONG NGHE THONG TIN VA TRUYEN THONG 91



PHAN TiCH HIEU NANG MANG KHUECH DAl CHUYEN TIEP DA CHANG .......

gi tri nho nhat. Cu thé, khi T =2 (s6 chang bang 3) thi
OP cua cac phuong phap dat gia tri nho nhét (quan sét két
qua md phong). Piéu nay c6 thé duoc glal thich nhu sau:
khi T =1, khodng cach gifra nguon va cac nat chuyen tiép
I6m, va do d6 chat Tluong cua cac kénh truyén xau (Ve mat
trung binh), dan dén OP Ién. Tuy nhién, khi T qua lon thi

dung lwong kénh lai giam manh beéi hé s6 1/(T +1), do

d6 OP cua cac m6 hinh cling 16n. Cudi cung, ta ciing c6
thé quan sat tir Hinh 5 rang, do léch gita két qua mo
phong va Iy thuyét 12 16n khi s chang tang.

I.  KETLUAN

Bai bao di nghién ctu hiéu ning xac sut ding toan
trinh cho 03 phuong phap RAND, SHORT va BEST dudi
su tac dong cua fading kénh truyén, su xuat hién cua CCI
va nhiéu gay ra do HI. Vi su xuat hién cua CCl, higu
ndng cua cac mo hinh RAND va SHORT glam manh. Cac
két qua cling cho thay rang m6 hinh BEST ¢ thé dat dugc
hiéu nang t6t hon rat nhiéu khi so sanh vai 02 mo hinh
con lai. Hon thé nita, ddi véi ky thuat chuyen tiép AF,
nhiéu phan ctng sé tich luy theo mdi ching va tic dong
tidu cuc dén hiéu nang dung toan trinh. Dé nang cao hiéu
ning hé thong, céc thiét bi can dwoc trang bi voi phan
ctng tét hon (gidm muc suy hao phan cing), dong thoi so
chang gitra nguodn va dich ciing can duoc thiét ké thich
hop.
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PERFORMANCE EVALUATION OF MULTI-HOP
MULTI-PATH AMPLIFY-AND-FORWARD
RELAYING NETWORKS UNDER JOINT IMPACT
OF CO-CHANNEL INTERFERENCE AND
HARDWARE IMPAIRMENTS

Abstract: In this paper, we evaluate performance of
multi-hop multi-path amplify-and-forward (AF) relaying
networks under joint impact of co-channel interference
and hardware impairments. We propose three efficient
path selection methods named RAND, SHORT and
BEST. In the RAND method, a random path is selected
to transmit data from the source to the destination, while
the SHORT one chooses the path having the lowest
number of hops for the data transmission. In the BEST
method, the selected path is the path, which obtains the
highest end-to-end (e2e) channel capacity. For
performance evaluation, we first derive exact expressions
of e2e Signal-to Interference-plus-Noise Ratio (SINR).
Then, lower-bound closed-form expressions of the e2e
outage probability (OP) of the proposed methods over
Rayleigh fading channel are derived. Finally, Monte
Carlo simulations are performed for verifying the derived
formulas, comparing the RAND, SHORT and BEST
performance, and showing effect of the important system
parameters on the e2e OP.

Keywords: multi-hop and multi-path, Amplify-and-
forward, co-channel interference, hardware
impairment, outage probability.
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