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Tém tit: Trong bai béo nay, ching toi phan tich chinh
x&c hiéu niang xac suat dirng cua mang chuyén tiép da
chang dang cum str dung ky thuat da truy nhap phi truc
giao NOMA. Trong mé hinh nghién ctu, nit nguon va
cac nit chuyeén tiép trung gian st dung NOMA dé giri
cung lGc 02 dir ligu den 02 nit dich khac nhau. Hon nira,
dé nang cao do tin cay cua viéc truyen dix liéu tai mol
chang, bai bdo 4p dung ky thuat giai ma va chuyen tlep
DF (Decode and Forward) va chon lya nit chuyen tlep
t6t nhat tai mdi cum. Trong qua trinh chuyen tiép, néu
mot nat chuyen tiép chi c6 thé glal ma thanh céng mot dir
lieu, nat nay chi gui dit ligu gidi ma thanh cong dén nat
ké tlep O chang cudi cung, cac nat dich duoc trang bj
nhiéu anten, va sir dung k§ thuat két hop chon Iya SC
(Selection Combining) dé giai ma dir liéu. Bai bao nay
dura ra cong thirc dang tudng minh tinh xac suat dirng oP
(Outage Probability) tai cac nut dich trén kénh truyen
Nakagami-m, dudi sy anh huong cua khiém khuyét phan
cang. Chung toi cung thuc hién mé phong Monte Carlo
dé kiém chung cac két qua phan tich ly thuyét.

Tir khéa: Chuyén tiép da chang, mang cum, da truy
nhép phi truc giao (NOMA), phan cing khong hoan hao,
xac suat dung.

. MO'BPAU

Ngay nay, mang cam bién vo tuyen WSN (Wireless
Sensor Networks) ngay cang phd bién va cung cap nhiéu
tién loi trong cac hoat dong cla con nguoi. Cic dic diém
cua mang WSN [1]- [3] bao gom i) kha ning tu cau hinh
va truyen thong gifra cac thiet bi cam bién; ii) cac thiét bi
cam bién bi gigi han vé kich thudc, néng luong, khd nang
lwru trix va xir ly; i) sir dung chuyén tiép dé gui dir ligu ve
cac tram xir ly trung tdm nhu sink, home station. E)e dat
dugc hi¢u qua nang lugng cao, mang WSN ¢ thé to chirc
theo dang cum, trong dé mdi cum c6 mot nat chi cum
dong vai tro diéu khién trung tim. Mot trong cac md hinh
dang cum hiéu qua trong WSN la mang LEACH (Low-
Energy Adaptive Clustering Hierarchy) [4]-[7]. Cac cong
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trinh [4]-[5] cho thdy md hinh LEACH kéo dai thoi gian
sbng (lifetime) cho mang WSN, cling nhu hi¢u qua trong
viéc truyén thong glua cac thiét bi cam blen Cac cong
trinh [6]-[7] dé xuat cac mé hinh chuyén tiép da ching
trong mang LEACH, nham dat dwuoc bao mat théng tin &
16p vat ly.

Ky thuat chuyén tiép cd vai tro quan trong trong mang
WSN, gitp ma rong ving phu, tict kigm ning luong cho
cac sensor, dat d¢ tin cdy cao thong qua viéc truyén dir
ligu & cac khoang cach ngén. Tuy nhién, nhuoc dlem
chinh cua chuyén tiép d6 1a thoi gian tré 1on va téc do
truyen dir ligu (hay thong luong mang, hi¢u qua sir dung
pho tan, do loi ghép kénh) thap. That vay, khi s6 ching
gitra nguon va dich tang thi thoi gian tré ciing ting theo.
Néu sb chang la M, thi téc do dir lidu dat dugc trong céc
md hinh chuyén tiép da chang thong thuong [8]-[12] la
1M (mét dir ligu duoc guri trén M ching). Mac du, cac
cong trinh [10]-[12] da dé xuat md hinh chuyén tiép phan
tap, Chang han nhu MIMO, chuyen tiép cong tac da chang
va md hinh chon duong tét nhat, tuy nhién, cac dé xuat
nay chi cai thién duoc do tin cay va do loi phan tap, va
Vﬁn chua cai thién dugc toc do6 dir liéu. Ky thuat chuyén
tlep song cdng duogc dé xuét trong [13]-[16] giup cai thién
téc do dir liéu. Trong k§y thuat nay, nat chuyen tlep dugc
trang bi voi 02 dnten dé dong thoi nhan va truyén céc tin
hi¢u khac nhau. Do do, chuyén tiép song cong dat duoc
gap doi tde do truyén dir liéu, khi so véi chuyén tiép béan
song cong. Tuy nhién, viéc trién khai nhiéu anten 1én cac
th;et bi cam bién, va viéc quan ly can nhiu trong chuyén
tiép da chang song cong [13]-[14], [17]-[18] la mot bai
toan qua phuec tap cho mang WSN.

Nhitng ndm gan day, cac nha nghién ciru danh sy quan
tam 16n dén ky thuat da truy nhap phi truc giao NOMA.
NOMA duogc danh gia la mot trong nhiing k§y thuat tiém
nang cho cac mang thong tin vé tuyen thé hé tiép theo.
Str dung NOMA, may phat c6 thé ghép nhleu tin hiéu
khac nhau, va gui dong thoi cac tin hiéu nay dén cac may
thu [19]-[22]. Mdi may thu s& sir dung k¥ thuat khir can
thoa tuan ty SIC (Successive Interference Cancellation)
dé lay dugc tin hiéu mong mudn. Theo do, tin higu duoc
giai ma trude 14 tin hidu duoc phan bd véi cong suit phat
I6n hon. Sau khi giai ma xong mét tin hi¢u, may thu s&
loai bo thanh phan chira tin hiéu nay ra khai tin higu téng
nhan duoc, roi tién hanh glal ma tin hiéu tiép theo. Vi
cach thuc ndy, may phét ¢ thé gui nhiéu dit lidu khac
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nhau dén cac méy thu, trén cling tan 50 va ma. Vi vay, toc
do dit liéu khi sir dung NOMA tang gép nhiéu lan, khi so
Vi cac k¥ thuat da truy nhap tryc giao thong thuong nhu
TDMA va CDMA.

Trong cong trinh nay, ching t6i dé xuat ap dung
NOMA vao mang chuyén tiép da chiang dé nang cao téc
do dix ligu cho mang WSN dang cum hay mang LEACH.
Trong mé hinh dé xuat, nut nguon va cac nut Chuyen tiép
trung gian st dung NOMA dé gui 02 dit ligu dong thoi
dén hai nat dich. Tuy nhién, néu nGt chuyén tlep chi co
thé g|a1 ma duoc 01 di ligu thi nat nay chi chuyén tiép dir
ligu giai ma thanh cong dén ching tlep theo. Véi muc
dich nang cao chat lugng kénh truyén tai mai chang,
chiing t6i dé Xuat phuong phép chon lya nit chuyén tiép
t6t nhat tai méi cum. O chang cudi, cac nut dich sir dung
ky thuat két hop SC dé giai ma tin hi¢u nhan duoc.
Ching t6i cling xem xét sy anh huong cia nhiéu gay ra
boi khiém khuyét phan cing (Hardware impairments)
cua céc thiét bi cam bién [23]-[27].

Cho dén nay, md hinh chuyén tiép da chang trong
mang cum va cadc mo hinh si dyng NOMA da dugc
nghién ctu trong nhiéu tai liu. Tuy nhién, hai huéng nay
chi duoc nghién ctru mét cach riéng ré. Cu the hau hét
céc nghién ctu gan day vé mang chuyén tiép da chang
dang cum nhu [6]- [7] [28]-[30] déu chua xét dén viéc ap
dung NOMA dé cai thign toc do dir ligu. Mat khac, hau
hét céac nghién cuu gan diay vé NOMA trong mang
chuyén tiép chu yéu tap trung vao mo hinh chuyén tiép
hai chang [21], [31]-[34]. Khac véi cac cong trinh trudc
day, bai bdo nay xét truong hop nut nguon cach xa cac
nGt dich, va viéc truyén dir liéu phal thong qua n nhiéu
ching. Khi xem xét mang WSN, mo hinh chuyén tlep da
chang sé rat phé bién do khoang cach va sy gidi han cong
suat phat cta cac thict bi cam bicén. Hon nira, vi¢c st
dung NOMA vao mang chuyén tiép da ching s& nang cao
tc do dit lieu cho mang WSN.

Theo su hiéu biét tot nhét cua chung toi, chi cé cac
cbng trinh [35]-[37] nghlen cttu md hinh két hop gitra
NOMA va ‘mang chuyén tiép da chang Cu thé, cac tac
gia trong cong trinh [35] da két hop giira chuyén tiép da
chang va NOMA, dong thoi cling khao sat sy anh hudéng
cua khiém khuyét phan cing 1én hiéu ndng xac suét dung
va thong lugng mang trén kénh truyén Nakagami-m
Khac véi [35], cac tac gia trong tai ligu [36] nghién cfru
kg thuat thu thap nang luong v6 tuyén, trong dé cac may
phat phdi thu thap nang luong tir mot tram phat song vo
tuyen dat trong mang, va str dung ngudn nang luong nay
dé truyén dir liéu. Hon nira, tai ligu [36] chi phan tich
thong lwong cia mo hinh dé xuat. Tai liéu [37] ciing
nghién ctu mang chuyén tiép da ching sir dung NOMA
va thu thap niang lugng vo tuyén. Céc tac gid cua [37]
cling deé Xuat phuong phap chon lya nat chuyén tiép tot
nhét tai mdi ching dé nang cao chit luong kénh truyén.
Hon nira, tai li¢u [37] nghién cu md hinh bao mat lop
vat ly véi su xuat hién cua cac nat nghe 1én. Dudi day,
ching tdi tém tat nhimg diém khac biét chinh giita bai
béo nay va céc cong trinh lién quan [35]-[37]:

- Khéc véi cac cong trinh [35]-[36], ching toi dé xuat md
hinh chuyen tiép dir lieu s dung NOMA, tir mot nat
ngu0n dén 02 nat dich khac nhau. That vay, trong cac
cong trinh [35]- [36] nGt ngudn sir dung NOMA dé guri
céc dir liéu dén cung mot nut dich. Hon nira, mé hinh cua
ching t6i nghién ciu ki thuat chon lya nat chuyén tiép
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t6t nhét tai mdi chang, va trang bi nhiéu anten cho cac nat
dich nham nang cao d6 tin cdy cua viéc truyén dit liéu.

- Khac vai cong trinh [37], cac nut dich trong bai bdo nay
dugc trang bi nhiéu anten va sir dung k¥ thuat két hop SC.
Hon nira, ching t6i phén tich hi¢u ning ctia mo hinh deé
xuat trén kénh truyen tong quat Nakagami-m, voi sy anh
huong cua khiém khuyét phan cang. That vay, cong trinh
[28] chi xem xét kénh fading Rayleigh va da khong danh
gia su tac déng cua phan cting khong hoan hao Ién chét
luong dich vu ciaa mé hinh.

- Cubi clng, diém khéc biét chinh gitra bai béo nay va
cac cong trinh ké trén do6 1a viéc danh gia xac suét dimng
tai cac nut dich. Cu thé, cac tac gia cua [35] [37] chua
quan tam dén cac diéu kién rang bugc khi giai ma céc tin
hiéu tai mdi chang. Nhu da dé cap ¢ trén, bai bao nay xét
dén truong hop mot nit chuyén tiép chi giai ma thanh
cong mot tin hiéu, va chi chuyén tiép tin higu dén chang
ké tiép.

Tiép dén, ching t6i s& tom tit nhitng déng gop chinh
cua bai bao nay nhu sau:

- Pau tién, chling tdi dé xuat md hinh &p dung NOMA
vao mang chuyén tiép da ching dang cum dé dat dugc
toc do dir lieu tang gap doi, khi so véi mé hinh chuyén
tiép da ching thong thuong (khong st dung NOMA,).
Hon nira, k¥ thuat chuyen tiép DF duoc sir dung tai moi
chang dé loai bo nhidu cong tai cac nit chuyén tiép, cling
nhu tranh duoc sy tich Iy nhiéu trong ky thuat chuyén
tiép AF.

- Tha hai, ching toi deé Xuat phuong phap chon lya nat
chuyén tlep t6t nhat tai mdi cum (dua vao do loi kénh tic
thoi gitra cac cum lién ke) va ky thuat két horp chon lya
SC tai cc nat dich dé nang cao do tin cay cua viéc truyen
dir liéu trén tat ca cac chang.

- Thu ba, chiing t6i khao sat sy anh hugng cia nhiéu gay
ra do khiém khuyét phan cang Ién hiéu nang cia mo hinh
dé xuat. That vay, bai bao nay nghién cuu ve mang WSN,
trong do, phan cing cua céc thiét bi cam bién thuong ré
tién va ch1u tac dong dang ké cua nhiéu gay ra do su
khdng can bing 1/Q, nhidu pha, b khuéch dai khong
tuyén tinh, v.v. [23]-[27]. Nhu da duoc trinh bai trong
cac cong bd [23]-[25] cua nhém tac gia E. Bjornson,
nhiéu do phan cing khong hoan hao dwgc md hinh hoa
theo phan ph01 Gauss vi dén tir su tac dong tong hop cua
nhu’ng,khlem k,huye‘t phan cung khéc nhau trong thiét bi
va khiém khuyét phan cing ¢ may phat va may thu 1a doc
lap thong ké. Gia tri cua mac khiém khuyét phan cung
thuong nam trong khoang [0, 0.03].

- Ké tiép, chung t6i dua ra biéu thic dang tuong minh
tinh chinh xac xac suit dirng OP tai cac nit dich trén
kénh truyén 'Nakagami-m. Cac biéu thirc xac suét ding
déu dugc kiém ching su chinh xac thdng qua md phong
Monte Carlo.

- Cudi cung, chung toi phan tich sy anh huong cua cac
thong so h¢ thong 1én hiéu nang Xac suat dung cia mo
hinh dé& xuét, ciing nhu dua ra cac giai phap thiét ké va ti
uu hi¢u nang.

Phan con lai ciia bai bao dugc t6 chuc nhu sau: phan 1
trinh bay nguyen Iy hoat dong cuia mo hinh dé xuat. Phan
III danh gid chinh xac xac suat ding cia mo hinh dé xuét
dudi sy anh huong cua khiém khuyet phan cung trén kénh
truyén Nakagami-m. Phan IV dua ra cac két qua mod
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phong Monte Carlo nham kiém ching cac phan tich ly
thuyet dat dugc. Cudi cung, phan V dua ra cac két luén,
cac giai phap thiét ké, téi vu mé hinh va hudéng phat trién
cua bai béo.

Il. MO HINH HE THONG

HINH1. MO HINH HE THONG.

Nhu mé ta trong Hinh 1, nguon T, mudn giri cing
ldc hai dit liéu X, Va X, , lan lugt dén hai n(t dich T, va
Ty, . Do khoang céch xa, nguén T, khong thé truc tiép
gui dir liéu dén hai dich T, ,va T,,, ma phai théng qua
céc nit chuyén tiép trung gian né‘tm trong cac cum. Kh()ng
mat tinh tong quat, ta gia su co tat ca K cum trung gian,
va cum the k c6 N, thanh vién, ky hiéu la Rkn , v6i

K>1, N, 22, k=12,..,K, n=12,.
cum, mot trong cac nit cym s& dugc chon de nhan dir ligu
va chuyén tiép dir liéu dén ching tiép theo. Ta ky hiéu
nat duoc chon ¢ cum thir k la T, nhu trong Hinh 1. Gia
su nut nguon va cac nlt cum chi c6 01 anten va hoat
dong & ché do ban song cong. Nguoc lai, cac nit dich
Ty, va Ty, duoc trang bi voi L va L, anten, va s
dung bd Kkét hop SC dé giai mé tin hiéu nhan dugc tr nat
cum dugc chon T, . Sy truyén dir liéu gilta ngudn va cac
nat dich dugc thyc hién thong qua (K +1) khe thoi gian
truc giao.

. O mdi

Xét su truyén dir lidu giita nat phat X va nat thu Y,
voi XYe{R,, T}, k=L..K, n=12.,N, (nit Y
khong phai 13 mét trong hai n(t dich). Néu nit X st dung
NOMA, nlt nay s€ két hop hai dir liéu X, va X, nhu sau:

X, =\aPx +a,Px,. (1)

Trong cong thire (1), Pla cong suat phat cua nut X,
va gia su rang tat ca cac nut phat déu co cung cong suat
phét P. Ciing trong cong thic (1), a, va a, lan luot 1a

cac hé s6 phan bd cong suat ddi véi cac tin higu X, va
X, . Khong mét tinh tong quat, gia sir tin hidu x, 14 tin
hiéu duoc wvu tién, va ta ¢6: O<a, <a <1 a +a, =1.
Dudi sy anh huéng ciia phan cimg khong hoan hao, tin
hiéu nhan duogc tai Y la:

Y =he X, + vy 0y

2
= 1/a1PhXYx1 Jr,/azPhXYx2 +Vyy +N,.

Trong cong thirc (2), v 1a nhidu gy ra do phan cimg
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khong hoan hao. Tuong ty nhu trong cac tai liéu [23]-
[27], vy, €O phan phoi Gauss véi gia tri trung binh bang
0 va phuong sai x%,P|h [, v6i x5 la tong mirc
khiém khuyét phan ctmg tai X va Y. n, trong (2) la
nhidu Gauss c6 gié tri trung binh bang 0 va phuong sai la
ol . Dé don gian vé mat trinh bay, ta gia st k%, VA o
giong nhau trén tat ca cac lién két X-Y, va dugc ky hiéu
la %, =x° va o) =o0?. Ta ciing ky hiéu do loi kénh
| hyy [* nhu sau: yyy = hyy [P

Trén kénh fading Nakagami-m, ham mét d¢ xéac sudt
(PDF) va ham phéan phoi tich lily (CDF) cta yy, lan lugt
dugc viét ra nhu sau: (xem tai liéu [35])

MO e
F (X)= —“%’3 !

véi T'(.) laham Gammava y(.,.) 1a ham Gamma khéng
hoan thanh [38].

X™ L exp(—Qyy X)),
®)

Trong cong thirc (3), m,, la hé s6 Nakagami-m, va
m,, nhan gid tri nguyén duong. Q,, =m.dZ,, véi
d, 14 khoang cach gitra X va Y, va S 1a h¢ sb suy hao
duong truyén [39].

Theo nguyén ly hoat dong cuia NOMA, may thu s&
giai ma dit liéu X, sau dé loai bo thanh phan fa,Ph,, %
ra khoi tin hiéu nhan duogc dé giai ma dir liu X, . Do do,
ty s6 SNR (Signal-to-Noise Ratio) dat dugc theo X, va
X, lan luot la:

NOMA _ ,Pyyy _ A xy @)
" (3, +5°)Pry +07 (2, +K7) Ay +1
a,P a,A
le)\(/zlA _ L PV xy 28 xy )

K2 Py +0° KAy, +1
voi A=P/a? .

Bay gio, ta xét dén truong hop nut phét X khong sir
dung NOMA (vi du niit X chi ¢6 gui dit lidu x,); nat X
s& str dung toan bo cong suat phat P dé giri X dén Y. Tin
hiéu nhan duogc tai Y trong truong hop nay la:

z=\/5hx\,x1 +Vyy +Ny. (6)

Do d6, ty s6 SNR dat duoc trong cong thirc (6) Ia:

Pyxy
K'ZPVXY +0;

Non-NOMA __

(%%

A

=— 7XY . (7)

KAy +1

Xeét sy truyén dir liéu & chang thir k, 1<k <K ; trong
do nut T, , s& gt dit ligu dén nat T, . Nhic lai rang T, ,
1a nat dugc chon ¢ cum thtr (k—1) va T, 1a nat duoc
chon ¢ cum tht k. Twong ty, nat T, duoc chon dya vao
d6 loi kénh giita nat T,_, va cac nat thuoe cum thir k , dé
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ma d6 lgi kénh dat duoc gitra T, , va T, 1a 16n nhét.
That vay, ta c6 thé viét:

Ty = n:ﬂ?.),(m (7Tk Rin ) ®

St dung ham CDF trong cong thuc (3), ta dat dugc
ham CDF cua y;_; nhu sau:

F. . ()= Pr( max, (7Tk 1R“)< X)

e (mTHTk ’QTHTkX) " ©

L T(myy)

Trong cong thuc (9), dé don gian cho viéc ky hiéu, ta
gia st rang M k. = Tk Rt ,VKk,n. Hon nita, boi vi cac

nat trong mot cum la rat gan nhau, vi vady khoang cach
gilta nit T, , dén cac nit ctia cum thir K la gan nhu twong

duong, cu thé dp g ~0p ¢ (Vk,n) . Do do, ta co:

=Q; ., vkn (10)

Qkale,n

Néu T, , da dat duoc ca hai dit lidu X, va X, & ching
trude d6, T, s& st dung NOMA dé guri dong thoi X, va
X, dén T,. Sir dung cac két qua dat dugc trong cac cong
thirc (4) va (5), ta viét ra cac cong thire SNR dung dé giai
ma X, va X, lan luot la:

¢1’FlO[\|{IA _ a:lA}/Tk—lTk (11)
k1 TkoX !
(a2 +x° )A}/THTk +1
Ay T
o, = @

KZA;/THTK +1

Hon nita, néu nit T, giai ma duge ca hai dir liéu x, va
X, , nlt nay s& sir dung NOMA dé giri hai dir liéu nay dén
ching ké tiép. Néu nat T, chi c6 thé giai ma x, ma
khong thé giai ma X,, nGt T, chi gii X, dén ching tiép
theo. Tuy nhién, néu T, khong thé giai ma ca x, (ciing
s€ khong giai ma duoc X, ), thi X, va X, s& khong duoc
guri dén chang ké tiép.

Tiép theo, xét truong hop nit T, , chi nhan dugc dir
lidu X, trudec d6. Trong truong hop nay, st dung cong
thirc (7), ty s6 SNR dat dugc tai T, dé giai ma x, sé la:

Non-NOMA

A
oro T (13)

KAy 1 +1

Xét ching cudi cung, nat T, s& giri dit lidu dén cac
dich T,,, va T,,. That vay, néu T, da dat duoc ci X,
VA X, , niit nay s& sit dung NOMA dé giri dong thoi hai
dit liéu nay dén T,,, va T,.,. Tuong tu nhu (2), tin higu
nhan duogc tai anten thu thu u cua T, va anten thu thu
vcia T, lan luot 1

ZTK+1vu = ‘}aiph(T:EFqul + \Aa'zph(T:EFKAXZ +VTKTK+1 + nTK+1' (14)
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ZTK+2 WV = ‘ alPhEV::)-rKi»z Xl + J a2P (\li)‘rKi»Z X2 +VTKTK+2 + n-rK+2 ! (15)
voi hiy va he)

Tes 1., 1a hé s0 kénh truyén Nakagami-m
gitta T, va anten thtr u cua T,

thdeveoa T, , U=L2,..,

., va gilra T, va anten
L,v=12..,L,

Boi vi dich T, s& truc tiép giai ma dir liéu x, mong
mudn, twong tuy nhu (4) va (11), ty s6 SNR nhan duoc
trén anten thur U cua nat dich T, s& la:

A

NOMA,u
- , 16
%KTKA’ 1 (az + Kz )A}/-(rlli)TKA +l ( )

voi yr, A,
Str dung k¥ thuat két hop chon Iua (SC), dich T, s&

chon anten dat dwoc SNR 16n nhét dé giai ma dit liéu. Do
do, ty s6 SNR dat duoc tai T, s€ la:

NOMA, SC NOMAu
¢TKTK+1 Xy u=L2.., (wTKTKA Xy )
17)
CNAVZY TKTKvl

(a2+K ) TKTK1+1'

Vi 775, = max (4%, ). Tuong tw nhu (9), him CDF

k3 max L4 .
cua yr1 duoc viét ra duéi dang sau:
Ll

7/(mTKTK+1’QTKTK+1X)
= . 18
( ) r ( mTKTm ) 4

Déi voi dich T, , nat nay phai giai ma dir ligu X,

max
T Tk

trudc, sau do tién hanh SIC dé giai ma X, . Mot lan nita,
sir dung cac cong thic (4) va (5), ta c6 duge cac ty sb
SNR tai dnten thir v cua ntit dich T, ,,, khi gidi ma x, va
X, ; 1an luot 1a:

A (v)
R o4\ LR (19)
(32 tK )AyTKTmz +1
(v)
a2 ?/ K K+2
Pl =g (20)

K 7/ Tk Tk+2 +1,
Vdi 7‘(|—\|:)‘I—K+2 :| '15'\}2)1—}(+2 |2

Gibng nhu dich T, ,
két hop SC, va ty s6 SNR ddi véi cac tin hidu X, va X,
cling dugc tinh nhu sau:

dich T, ciing ap dung k¥ thuat

NOMASC __ aiA7 TKTm (21)
UL T !
(az + K ) TKTK 2 +l
nowasc &AL
y — K 'K+2 , 22
@TKTKQ,)(2 ZA}’TKTK ] ( )

Vi ;/TKTM = rlnzmL (;/#K)TM). Tuong ty, ham CDF cua
max X .
Y11, S€la
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L
P, () {y(mw“ ’QTKT“X)] SN v x)

r(mr.)

Ta xét dén truong hop thir hai, khi nut T, chi giai ma
dugc dir ligu X, tu nat T, ,. Do d6, nit T, chi gui X
dén dich T,,,, va trong trudng hop nay, dich T, , sé
khong nhan dugc dir ligu ‘mong mudn. Tuong tu, ty sb
SNR dat dugc tai T,,, dé giai ma dir liéu X, sau khi
thuc hién k¥ thuat két hop chon lya, s& 1a:

max
Non-NOMA,SC _ A7/ Tk Tk (24)
K Tk K A )
}/TKTKA

Tiép dén, ta xay dung cong thic tinh dung lugng kénh
trc thoi dat duge ¢ cac chang. Boi vi sy truyén dir ligu
gitta ndt nguon va cic nut dich dugc thyc hién qua
(K+1) khe thoi gian truc giao, dung luong kénh dat
dugc gitra hai nat cum lién ké T, va T, (k=12,..,K)

duoc tinh nhu sau:

CTQHTK T K 1'092 (1 Pre 1TK) (25)
Qe {NOMA,NOI’]-NOMA}.

O chiang cubi CQng, dung lugng kénh tic thoi dat duge
tai T, va T, lan lugt la:

s = K_1'ng (1+485,). 0
e L N )

Vai i=1,2.

Il. DANH GIA HIEU NANG

Trong bai bao nay, chung t6i danh gla X4c suét du’ng
(OP) tai ca hai nat dich. Dau tién, gia st rang dit lidu c6
thé giai ma thanh cong néu nhu dung lugng kénh tirc thoi
16n hon mét ngudng xac dinh, ky hiéu C,,. Nguoc lai,
néu dung lugng kénh tic thoi nho hon C,,, thi dit ligu s&

khong thé giai ma dung hay thiét bi thu s& bi dung.
That vay, xac suat ma nat cum T, (k=1,2,..,K) giai
mé thanh cong ca x, va X, tr T, , dugc dua ra nhu sau:

Oy, =PT(CIA% 2C,p, CYA% 2Cy)
A A (28)
—Pr a’.l.2 J/Tk—iTk me’ zaz ;/Tk—lTk Zpth ,
(a2 +K )AyTHTk +1 K Aka—lTk +1
Véi
pn =2"((K+1)Cy )-1. (29)

Tir cong thuc (28), ta thay néu ai—(a2 +K'2),0th <0

hoic a, —x’p,, <0 thi 6,, , =0. Do do, cac h¢ s6 phan

KXy, %

chia cong suat a, va a, can duoc thiét ké, dé ma:

SO 01 (CS.01) 2022

1+K‘2)p
a—(a,+x°)p, >0 (—m< <1-«*
{ ( . 2) th — 1 Py a P (30)
—K Py, >

a2 th a2 =1_a1

Trong c6ng thuc (30), ta can co diéu kién:
2 1
<« (1)
P +2p;,

Gia sur céc diéu kién trong (30) va (31) thoéa mén, ta
viét lai cdng thirc (28) duéi dang sau:

P
V1T 2
QKVXLXZ _pr (ai_(afz +K2),0th)A
P
e )
= Pr(;/TH'Tk > max (e, a)z)) (32)
=1-F_ (max (o, 0, )),
Voi
a)l — pth ’a)z pth (33)

(a—(a,+#") pn )2 (a,-x°py )A

Nhu da thao luan trong [40], gia tri cia a, phai du 16n

khi so véi gia tri a, (d¢é SNR cia x, ¢ cac chang di 16n).
Vi vay, twong tu nhu [40], ta c6 thiét ké sau:

1+ 1+ 0on
a>—""0orm<w (34)
2+ py, .
Do d6, ta viét lai cong thire (32) dudi dang:
G =1—- Fo. (). (35)

Thay CDF trong (9) vao trong (35), ta dugc cong thic
tinh chinh xac caa g™,

K, % %

Tiép theo, ta xét xac suat nat T, giai ma thanh cong
x, nhung khong thé giai ma dugc x, tir ndt T,_,. Tuong
tu, ta tinh dwoc:

NOMA _ NOMA NOMA
HkvXWTz N Pr(CT aTex = Cth’Cl} T, xz )
- F}/Tk—l‘Tk (602 ) - F}/Tk—LTk (601)

Twong tw, XAC Suat nat T, khong giai ma dugc X,
duogc tinh nhu sau:

(36)

O =Pr(Cro <Cy)
= FVTk—lka (a&)

Trong truong hop nat T, , chi giri dir liéu x, dén nat
T, , sir dung cong thic (13), x4c suat T, giai ma khong
thanh cong dir ligu x, sé la:

37)
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ekNT-NOMA =Pr (C Non-NOMA < Clh )
X

TeaTk
P
=Pr —_— 38
[%“Tk < (1_K2pm)A\J (38)
= FVTk,lTk ((03),
Vi
P
= rth 39
o= (39)

Do d6, xac suat nat T, giai ma thanh cong dit liéu x,
trong trudng hgp nay la:

ek’\,‘;)lmNOMA :1_ F}/Tk,lTk (0)3) (40)

Bay gio, xét sy truyen dir ligu ¢ chang cudi cuing; trong

truong hop T, st dung NOMA dé guri cung lic 02 di

lisu x, va x, dén cic nut dich, xac suat dung tai dich
Ty, va T, lan luot la:

grovA _ PI’(C{?’&T’SC < Cth) = |:’I'(7/¥n;;(‘<+1 < a).L)

K+1,%

(41)
- Fm"“m (1),
Qo =pr(cian <c,)
e, T <a)

-Pr{Ciue <C, ) =Pr(77% <o)
- F}/Tm?rmz (wZ)
Lan luot thay cac ham CDF trong cong thuc (18) va
(23) vao trong (40) va (41), ta dat dugc cac biéu thac
. z NOMA Y NOMA
chinh xac cho HKH_;I va ‘9|<+1,x2'
Trong trudng hop nat T, chi gii dir liéu x, dén dich
Ty.,, X4c suat dung tai dich T, trong truong hop nay
duoc tinh nhu sau:

Non-NOMA __ Non-NOMA,SC
9K+1‘E - Pr(CTKTK+1 < Cth )

=Pr(r. <@) (43)

=Fp (o).

Tk
A.1 X&c suit dirng tai dich T, ,

Truéc hét, viéc truyén dir ligu dén dich T,,, s& khong
thanh cong (hay bi dimng) néu su truyén dit liéu trén bat ky
chang nao d6 khong thanh céng. Goi u la chang ma su
truyen dix liéu x, trén chang d6 khong thanh cong,
u=12,...,K+1. Hon nita, su truyén dir liu x, & (u-1)
chang trudc d6 phai thanh cong. Ta ciing nhan thiy rang
su truyén dit liéu X, tai mdi chang ciing lién quan dén su
truyén cua dir ligu x,. Theo d6, néu x, duoc giai ma
thanh cong & chang lién truge do, thi ¢ chang u nay, nat
phat phai st dung k¥ thuat NOMA dé gui ca hai dir li¢u
dén nat ké tiép. Nguoc lai, néu & chang lién truge do, chi
c6 dir liéu x, dugc giai ma thanh cong, thi nat phéat ¢
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chang thir u ndy diing tit ca cong suat phat dé g dir ligu
X, dén nut ke tiép.

Goi w la chang ma & d6 sy giai ma dix liéu x, khong
thanh cong, w=1,2,...,u. That vay, néu w = u, tic l1a ca
hai dit liéu x, va X, déu duoc giai ma thanh cong ¢ (u-1)
chang trude d6. Trong truong hop w < u, ca hai dit liéu x;
va X, déu dugc giai ma thanh cong tir chang tha nhat dén
chang thir (w-1), va tir chang thir (w+1) dén chang thir u,
chico dir liéu x, duoc giri.

Theo cac phan tich trén, xAc suat ding tai dich
Ty, duoc xay dung nhu sau:

OP; , =Pr(Cri% <Cy)

B w-1 W
NOMA NOMA
E Hpr(CTHT(xXl 2 Cth ’CTHT(-XZ 2 cm)
t=1
w=1 NOMA NOMA
xPr (CTW,JW w 2Cn Cr 1y <Gy )
K u-1
Non-NOMA Non-NOMA
+) x[ [TPr(crom=c, )j Pr(cimos <C,, )
u=2 r=w+1
i NOMA NOMA
+ (pr(CTcl 1Tg% 2 Cth ’CTQ 1Tg % 2 Cth ))
g=1
NOMA
| xPr(CE <Ca) | a)
i NOMA NOMA
K Hpr(CTl—thvxl 2 Cth ! CTHTl X 2 Cth )
+z t=1
wel| Pr(CNOMA > Cm ’CNOMA < Cm )

TwaTw X TwaTwXe

(TTrersn se,) ety <c,)

r=w+1
K
NOMA NOMA
-i_l_‘:!:(pr(CTq 1TgX 2 Cth !CTq 1Tq %o 2 Clh ))
q=

x Pr(C{“:}':'j'flc <Cy )
Str dung céc két qua dat duoc tir (35), (36), (37), (39)-
(42), xac suat ding tai dich T, duoc tinh chinh xac
theo cong thirc sau:
OP

TK +1

u-l/ w-1 u-1

NOMA NOMA Non-NOMA Non-NOMA

Z 01‘X1‘x2 HW,XPE H ervxl eu,Z
t=1 r=w+1

K w=1
+; [ﬁ NOMA J NOMA
l+ o, [

G.%. % U, (45)

q=1

_ nNOMA
_ng

w=1\ t=1 r=w+1

K
NOMA NOMA
+[H0%X1-Xz ngﬂ,xl .
q=1

K [ w-1 K
NOMA NOMA Non-NOMA Non-NOMA
+E | |¢9 a7 | | 6, 6.
X% W, X, Xp rX K+1,%

A.2 X4c suit dirng tai dich T, .,

Ta c6 thé quan sét rang, dir liéu x, khong thé dén dich
Te., Néu su truyén ¢ chang tha u khong thanh cong,
u=12,..,K+1. Hon nira, dix li¢u X, bi roi & chang thu
u, diéu nay c6 nghia sy giai ma dir liéu x, & (u-1) chang
trude d6 phai thanh cong, va sy giai ma di liéu x, & (u-1)
chang trude do cling phai thanh cong.
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Xét su dirng cua dit liéu x, & chang thir u, ta thay rang
x&c suat ding s& bang tong xéc suat dimg cua hai truong
hop: i) nat T, khéng thé giai ma dugc x, va vi vay, T,
cling khong giai ma dugc X, , ii) ndt T, giai ma dugc X
nhung khong giai ma dugc X, .

T nhitng 1ap luan trén, xac suét dung tai dich T,
duoc xay dung nhu trong cdng thirc (46) bén dudi:

OP; , =Pr(Co¥A <C,, )+ Pr(Crot =C,, Cr% <Cy)

(e e 2c.)

w=1

" x(Pr(ChoA, <Cy )+ Pr(CRYA, 2 €, CYYA, <Cy))

TuaTu X
NOMA NOMA
(Hpr walwX = thCvHT Xy —Cth)J

(Pr(Ciase <€, )+ Pr{CI 2 i <C, )
(46)
Str dung céc két qua dat duoc tir (35), (36), (37), (39)-
(42), xac suat dung tai dich T,,, duoc tinh chinh xac
theo cong thirc sau:

NOMA
01 X%

5oz Jaoe oz @

u=2

K
NOMA NOMA NOMA
+ [Hewyxm j(QKﬂ X + 9K+1‘§ )

w=1

OP  =47"+

IV. KET QUA

Trong phan IV nay, cic két qua moé phong Monte
Carlo s€ duoc thyc hién dé kiém chtg cac cong thirc xac
suét dimng OP; ., va OP. (xem (45) va (47)). Trong cac
mé phong Monte Carlo, chiing t6i thyc hién tir 10° dén
107 phép thir dé cac két qua mé phong hoi tu vé cac két
qua ly thuyét. Cu thé, trong moi phép thir, do lgi kénh
Nakagami-m giita hai nit X va Y, X\Ye{R,, T},

k,n?
k=1..,K, n=12,..,N,, dugc md phong nhu sau:

Voo =gamind (my, 1/d%, /m,, ), (48)

trong do, gamrnd() 1a mot ham Matlab tao ra mot blen
ngau nhlen co phan phdi Gamma. Ta ciing xét mat phing
khong gian hai chiéu Oxy, trong d6 nat nguon T, dugc
¢b dinh tai vi tri (1,0), nat dich Ty, duoc ¢b dinh tai vi
tri (1,0) va nat dich T,,, dugc c¢b dinh & vi tri (1, 0.1).

TAt ¢4 cc nut trong cum thir k, k=1, 2, ... , K, ¢6 vi tri

gan nhau véi toa do la (%0) Trong tat ca cac két
+

qua, hé sb suy hao dudng truyén ( p ) dugc ¢b dinh bang
3, cac két qua mo phong Monte Carlo duoc ky hi¢u bang
Slm va cac ket qua phan tich 1y thuyet duoc ky hiéu
bang Theory Tt ca céc két qua da cho thay rang két qua
md phong va ly thuyet trang véi nhau, va diéu nay kiém
chung tinh dung dén cua cac cong thirc (45) va (47).
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Hinh 2 v& x4c suat dung (OP) tai hai nut dich T,,, va
Ty., theo A (dB). Trong Hinh 2, s6 cum trung gian (K)
bang 3, va s nit trong m&i cum lan lwot la
N, =2, N,=4 va N;=3. Hé¢ s6 kénh Nakagami-m tai
céc chang duoc thiét lap nhu sau: My =15 M =2 va
M.+ =1.75, va h¢ s kénh Nakagami-m gitra T, va hai
nat dich la: my . =15. S anten tai cac
nat dich lan lugt 14 L =2, L, =3, h¢ s phan bd cong
suat & bang 0.8, va muc khiém khuyét phin cimg

=1lva mTKTK+2

x*bang 0.01. Hinh 2 cho ta thay xac suat dung tai ca hai
nit dich giam khi gid tri A tang (bdi vi cong suét phat
ctia cac nut tang khi A tang). Hinh 2 cling cho thdy Xac
suat dimg OP tai ca hai dich giam manh khi ngudng dimg
C,, giam tir 0.5 xuong 0.25. Pac biét hon, khi C,, =0.5,
xac suat dung tai dich T, ., thap hon x4c suat dimg tai
dich T, . Mat khac, khi C,, =0.25, xac suit ding cua
dich T, s& thip hon ciia dich T, khi Alén hon 2 dB.
Nguyén nhan 1a vi s anten tai dich T, , 16n hon sb
anten tai dich T, , vi thé dich T, dat dwoc do loi
phéan tip 16n hon va OP cua dich T,,, s¢ giam nhanh
horn‘khi A tang. Mot nguyén nhan khac, do la kénh
truyén gitta T, va T,,, tot hon gitra T, va T,,,, cu thé

hé s6 kénh truyén lan lugt la m; , =15vam . =1,

tuong ung.
10°
107"
102
% 1073 ¢
107 ° T -Sim (Cth=0.25)
v TK 2-S|m (C,,=0.25)
oSl ™ T\,1-Sim (C,, =0.5)
* T,,,/Sim(C,=05)
o Theory
10 § i ' v
-10 -5 0 5 10

A (dB)
Hinh 2. Xac suét dimg vé theo A (dB) véi K=3,
N, {2,4,3} m. . €{152175, m. . =1,
M., =15 L =2 1,=3 a=08va x* =001

Hinh 3 biéu xé4c suat dung (OP) tai hai nat dich T,
va T,,, theo A (dB) véi céc gia tri khac nhau cua muac
khiém khuyét phan cing x*. Cac thong sb con lai duoc
dua ra bén dudi Hinh 3. Hinh 3 cho thay xéac suat dung
OP tai cac nut dich giam khi muc suy hao phan cang «?
giam. Ta cling luu ¥ rang khi x? =0, phin cimg cua cac
thiét bi 1a hoan hao. Khac véi Hinh 2, OP cta nut dich
Ty,: uon nho hon OP cuia nut dich T,,, . Hon nita, khi
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gia tri cua A 16n, OP cua ca hai nit dich song song v6i
nhau. Didu nay c6 nghia rang d9 loi phén tap dat dugc tai
cac nut dich 1a bang nhau. Ciing trong Hinh 3, sO nit
trong cum thir hai 13 dugc thiét 1ap bang 1, va vi thé su
truyén dir liéu o chang nay c6 do loi phan tap thap nhat.
Theo giao thiic g1a1 mi va chuyén tiép DF, d6 loi phan
tap thap nhat tai cac chang s€ 1la do logi phan tdp toan
trinh. Day 1a 1y do tai sao cac duong OP c6 cung do doc
khi A 16n. Hon nira, béi vi dit liéu cta dich T, duoc
wu tién giai ma trude, va dugc phan bd vai cong suat phat
16n hon, nén OP tai T, ,, thap hontai T, .

10
107"
1072
o * T
O v TK+
1070 o 1 _sim(=
KaqSIM (k“ =0.05)
f 2 _
® T,,,-Sim(x*=0.05)
- f 2 _
104 W T.,,-Sim(x"=0.1)
f 2 _
*  T,,,-Sim(x*=0.1)
Theory
10—5 T T T L L
-10 -5 0 5 10 15 20

A (dB)

Hinh 3. Xéc suét dimg vé theo A (dB) véi K=2,
N, €{3,1} m. ;. {2318}, m; . =15

m.. =2 L=2L,=3a=075vaC, =05

10
o - _
o T Slm (m=1)
T Sim m=1
103 (m=1)
T,,,-Sim (m=1.25)
Ty,,-Sim (m=1.25)
107 T, ,,-Sim (m=1.5)
TK+2 -Sim (m=1.5)
Theory
10-510 5 I 5 10
A (dB)

Hinh 4. Xéac suét dung vé theo A (dB) véi K=2,
N e{4,4} , k*=003 L=2 L =2 a=08 va
C, =0.5.

Dé mo ta sy tic dong cia hé sé kénh Nakagami-m lén
gia tri OP, trong Hinh 4, ta gia st tat ca cac hé so kénh
deu bang nhau: my . =m; . =m; . =m Vvk.Ta co

thé thay gi4 tri m anh huong dang ké dén chat lugng dich
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Vu cua mang, d6 la gia tri cua OP ¢ cdc nut dich giam
manh khi gia tri cia m tang. O day, chang t6i luu ¥ rang
khi m=1 thi h¢ thong hoat dong trén kénh fading
Rayleigh, va OP trén kénh truyén nay la I6n nhét. Hinh 4
cling cho ta thay dich T,,; Iu6n dat gia tri OP nho hon
dich T, néu cac thong sd nhu sb lugng anten va hé sb
kénh Nakagami-m 1a giéng nhau.

Trong Hinh 5, tat ca cac kénh truyén déu 1a kénh fading
Rayleigh m; . =m . =m; . =1(vk), va s lugng
nGt trong mdi cum déu bang nhau: N, =N (Vk) Nhu ta
c6 thé thay, OP tai cac nit dich s& giam khi s6 luorng nut
trong moi cym tang. Trong Hinh 5, mac du s6 luong
anten tai nat dich T, , gdp d6i s6 lugng anten tai T,
(L, =2L,=4), tuy nhién OP tai dich T,,, 1 rat I6n boi
hé sb phan chia cong suat a, duoc thiét 1ap bang 0.9
(a, =0.1). That vay, khi a, cang lon thi a, cang nho, va
diéu nay c6 nghia rang muc cong suit phan bd cho tin
hiéu cta T,,, giam, din dén OP tai T,, tang. Ta co thé
thdy rang OP tai dich T,,, hau nhu bang 1 khi A nim
trong khoang tir -10dB dén -2 dB. Tuy nhién, khi gia tri
A 16n, OP tai dich T,,, s€ giam nhanh hon OP tai dich
T.,, boi vi dich T,,, duoc trang bi nhiéu anten hon.
Diéu nay ciing c6 nghia rang dich T,,, dat dugc do loi
phan tép 16n hon dich T,

Slm (N=1
Slm (N=1
Slm (N=2
,-Sim (N=2
Slm (N=

-Sim (N=4

Tes )
Tee )
Tes )
Tes )
Tee 4)
T )

K+2
Theory

-10 —I6 -2 2 6 16 1I4 18
A (dB)

Hinh 5. Xac suét dirmg vé theo A (dB) véi K=3,
mTHTk = mTKTK+1 = rnTKTK+2 :l(Vk)’ KZ = 002’ L1 = 2’
L, =4, 8 =09va C, =05

Hinh 6 khao sat sy anh hudng cia sd ching (hay )
cum trung gian) 1én gia tri OP tai hai nut dich. Dé thay 1o
su tac dong cua s6 chang, cac tham sd hé thong duoc cb
dinh  nhu  sau: mkalTk = mTKTK+1 = mTKTK+Z =175 va
N, =3(Vk). Truéc khi ban luan cic két qud, ta c6 nhan
xét rang khi so chang 16n thi khoang cach gilta cac cum
ke nhau s& ngan va kénh truyen glua céc cum ké nhau s&
t6t hon. Tuy nhién, khi sd chang cang 16n thi thoi gian

truyén danh cho mdi khe thoi gian lai glam theo ty 1¢
1/(K+1), nén téc @6 truyén dit lidu ciing giam theo. Do
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6, khi quan sat OP ctia dich T, , ta c6 thé thdy khi K=2
thi gia tri xac suét dimng thap nhat, va khi K=4, OP lai rat
16n. Két qua nay cho thiy viéc sir dung chuyén tiép ¢
thé nang cao hiéu nang cho hé thong. Tuy nhién, khi sb
chang qua 16n thi chuyén tiép s& khéng con hi¢u qua nira.
Tiép dén, quan sat nut dich T, ,, , ta thdy rang OP dat gia

tri thap nhit v6i K=3, va 16n nhét véi K=1.

102 F
Y T Sim(K=1)
& Ty, Sim(K=1)
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Theory
1078 i i ' ' ' ' '
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Hinh 6. Xéc suat dung vé theo A (dB) véi

rnTk—lTk = rnTKTKu = rnTKTK+2 :175(Vk)' Nk :S(VK)’
K2=002, L=2, L, =4 a =085 vaC, =05.

0
10 ® T,,,-Sim(a,=075)
W T,,,-Sim(a,=075)
4l v Average OP-Sim (a1=0.75)
10 % T,,-Sim(a,=0.85)
& T,,,-Sim(a,=0.85)
2l %  Average OP-Sim (a1=0.85)
10 Theory
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KR

Hinh 7. Xac sudt dirg vé theo x* véi A=7.5 (dB),
K=2 My g =Myp =M, =1(vk), N,=2(vk),
L=2 L =2vacC,=05.

Hinh 7 dénh gi4 sy anh huéng ciia mic khiém khuyét
phan cimg (x”) 1én gia tri OP tai T, va T, . Nhu
quan sét, ta thdy rang xac sudt ding tang khi «? ting.
Ngoai ra, Hinh 7 cling xem xét hai truong hop: 8, =0.75
va a, =0.85. Ta thdy OP tai dich T, trong trudong hop
a,=0.75 16n hon trong truong hop @ =0.85. Tuy
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nhién, OP tai dich T,,, khi a, =0.75 lai nho hon truong
hop a, =0.85. Do d6, ta ciing thiy rang khi a =0.75,
d6 chénh léch gia tri OP tai cdc nat dich T, va T,
thap hon, khi so véi truong hop & =0.85. Ta ciing luu y
rang do chénh 1¢ch hi¢u nang gitra hai nut dich nén cang
nho cang t6t. Hon nira, Hinh 7 cung thé hién gia trj xac
sudt ding trung binh (average OP) cua hai nut dich trong
ca hai truong hop & =0.75 va & =0.85. Nhu ta da

thiy, gia tri OP trung binh cia hai nut dich khi a,=0.75
nhé hon rat nhiéu, khi so sanh véi truong hop a, =0.85.

Dé thdy rd hon su tac fi(f)ng ctia hé sb phan bd cong
suat @, va a, 1én xac suat ding OP cia cac nit dich,
Hinh 8 biéu dién OP nhu mot ham cua @, . Ta c6 thé thiy
rang OP ctia nit dich T, s& giam khi a, ting, boi vi tin
hiéu ciia T,,, dugc phan bd véi cong suit 16n hon. O
chiéu nguoc lai, OP cua nit dich T, ting khi a, ting.
Quan sat tir Hinh 8, ta thay rang gi4 trj ciia a, cang 16n
thi d§ 1éch hi€u nidng gilra hai nut dich ciling 1(")’n theo.
Trong Hinh 8, OP cua hai dich T,,, va T, , gan nhau
nhét khi a =0.73. Hon nita, gi4 tri OP trung binh thap
nhat khi a =0.75.

107! ‘
° TK+1-S|m
™ TK+2-S|m
2 Vv Average OP-Sim
10
— Theory

% 1073

10—5 1 1 L
0.7 0.75 0.8 0.85 0.9
a,

Hinh 8. Xac suét ding vé theo a voi A=5 (dB),

K :2’ mrk—lTk =rnTKTK+1 =rnTKTK+2 =15(Vk)’ Nk :4(VK)’
L=2 L =2 =0 vaC,=05.

V. KET LUAN

Bai béo nay da d& xuat va danh gia chinh Xac xac suat
dung tai cac nut dich trong mang chuyen tiép da ching
dang cum st dung NOMA. Céc két qua cho thay sy tac
dong dang ké cua khiém khuyét phan cing va so chang
Ién gia tri OP. Hi¢u nang cua m6 hinh dé xuat s& tot hon
khi kénh truyen gitra cac nat t6t hon, s6 lwong nat chuyén
tiép tai cAc cum nhiéu hon, va sb anten tai cac nut dich
cao hon. Céc két qua ciing cho thdy hé sb phan b Cong
Suit ciing co tac dong dang ké Ién hi¢u nang OP tai cac
nut dich. Viéc phan bo cong suat hop ly s& dam bao su
cong bang hiéu nang tai cac nit dich, cling nhu giam xac
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PHAN TiCH XAC SUAT DI’PNG CHO MANG CHUYEN TIEP DA CHANG DANG CUM......

Suaflt dung trung binh. Trong twong lai, chung t6i s& phat
trién bai bao nay theo huéng phén tich cac hiéu ning khac
nhu ty 1€ 16i bit, dung lwong kénh trung binh, cho md hinh
t6ng quat c6 nhiéu nat dich.
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OUTAGE PERFORMANCE ANALYSIS FOR
MULTI-HOP CLUSTER NETWORKS USING
NOMA UNDER IMPACT OF HARDWARE
IMPERFECTION OVER NAKAGAMI-M FADING
CHANNELS

Abstract: In this paper, we analyze outage probability
of cluster-based multi-hop relaying networks using Non-
Orthogonal Multiple Access (NOMA). In the proposed
protocol, the source and relay nodes use NOMA to send
two data to two intended destinations at the same time.
For enhancing reliability of the data transmission at each
hop; decode-and-forward technique and relay selection
are employed. In addition, the destinations are equipped
with multiple antennas, and employ selection combining
(SC) to decode the received signals at the last hop. This
paper exactly evaluates OP at the destinations over
Nakagami-m fading channels, under impact of hardware
impairments. This paper also performs Monte-Carlo
simulation to verify the theoretical results.

Keywords: multi-hop relaying, cluster network, non-
orthogonal multiple access, hardware impairments,

outage probability.
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