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Tém tit. Trong moi m,rfmg fading chém, khi mdt kénh nao d6 dang bj fading séu th1 mi tin nhim
néng cao d9 tin cdy truyén tin khéng c6 higu qua ldm, tuy nhién khi d6 viéc truyen tin phan tap
hop tac di cho thdy kha ning cai thi¢n dang ké hi¢u ning truyén dan Mang chuyén tiép c6 giao
thirc khuech dai-chuyén tiép (AF) va giao thirc gidi ma-chuyén tiép (DF) sir dung céc giao thic
chuyén tiép phan tap hop tac voi do phirc tap thdp cé tinh thyc hién cao. Viéc phan tich dung
luqng c4c mang chuyén tiép véi giao thirc AF thuong dya trén dinh 1y théng lugng t6i da diém cit
t6i thiéu (max-flow min-cut) nhim xé4c dinh cén trén cia dung nang thuc (thuorng 14 chua blet) Do
v1¢c phén tich théng ké vé d6 lgi kénh dau cudi — ddu cudi (e2e) cuia cac giao thic chuyén tiép la
rit phic tap, ma cic nghién ciru cho t6i nay chi mdi tép trung vao dang di¢u tiém c@n cua xdc suat
dimng cua mang tai cac gié trj ty 1€ tin higu- trén-on (SNR) hoZc rét thap hoZc rit cao. Hau hét cic
cong trinh hi¢n nay déu tranh viéc tinh todn phic tap bing cach truéc hét bd qua téc dong cua
AWGN rdi sau d6 ding gi4 trj can trén min (u,v) & wéc lugng mét cach don gian ty 1€ tin higu
trén On. Gi4 trj c4n trén u6c lugng min(u,v, uwSNR) cho toin by SNR dua ra trong bai nay tét hon
nhiéu so vai gia tri min(u,v), cho phép ta thu dugc cac biéu thie chinh xac dé nghién curu tac dong
cia AWGN lén hiéu ning mang. D chinh xé4c cia cén dudi khi d6 d6i véi xac suit dimg cia
mang sir dung ham min(u,v,uvSNR) dang tin cdy d01 v6i toan bo dai AWGN. Bai béo dua ra biéu
thire chinh x4c tinh x4c xut dimg mang chuyén tiép sir dung giao thiuc DF (cb dinh, ting cudng,
loc lya) trong mdi tnrdng fading Rayleigh.

1. Giéi thiéu

Céc mang chuyén tiép s& tr& nén thong
dung cho phép md& rong vung phi song déi véi
c4c mang di dong sir dung phuong phép té bao
(cell), dam bao hiéu ning khi ndng luong trong
mang Ad-hoc bi gidi han va ing dung céc giao
thirc m&i cho mang thé hé sau [1]. Truéc day
timg tram chuyén tiép thuomg khuéch dai (c6
thé xir 1f) rdi truyén di c4c tin hiéu ching nhén
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dugc. Cac phuong thirc truyén véi ma 13p phan
tap thoi gian [2], m& phan tdp khong gian-thdi
gian [3]...d4 dugc 4p dung. Khi c6 nhiéu tram
cing hgp tac chuyén tiép mot tin hi¢u phét thi
n6 s& mo ra co hdi 4p dung nhiéu phuong thirc
truyén khéac [4, 5]. Chung ta ciing da biét ring
trong moéi truong fading chidm, khi mét kénh
nao d6 dang fading sdu thi mi tin khong con
hiéu qua nita trong viéc ning cao d6 tin cdy
truyén tin, va viéc truyén tin phan tip hop tic
da cho thiy kha nang cai thién dang ké hiéu
nang truyén din [6, 7].
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Trong bdi bdo nay, ching t6i chi xem xét
mang chuyén tiép c6 sir dung cic giao thuc
chuyén tiép phan tip hop tic khong phirc tap
14m & ting kha nang (mg dung vio thyc té nhur
trong [7] v6i

a) Giao thirc chuyén tiép 6 dinh 12 cac loai
giao thic trong d6 tram chuyén tiép (relay) bét
chip chit lugng kénh, s& lién tuc hodc khuéch
dai hodc giai ma — rdi ma héa lai dé chuyén tiép
tin ma né nhin duge. Giao thirc chuyén tiép cb
dinh thudéng dugc dung khi khong c6 thong tin
trang thai kénh (CSI) cho truyén tin. Giao thirc
chuyén tiép c6 dinh c6 hai tity chon 13 AF va
DF. Giao thitc DF dugc coi 12 wu viét hon giao
thitc AF do tram chuyén tiép giam on sau
khuéch dai.

b) Giao thirc chuyén tiép loc lya (SDF) hay
thich nghi (SR) dugc ding chi yéu dé khéc
phuc nhuge diém cua chuyén tiép DF ¢b dinh
khi SNR (tirc 12 c6 CSI) tai tram chuyén tiép
thip dén do khong c6 kha ning giai ma tin. Khi
SNR do dugc tut thép dudi ngudng, tram
chuyén tiép s& dimg chirc ning chuyén tiép va
tram ngudn truyén tin tryc tiép dén tram dich,
stt dung md 13p hodc cdc loai mi khic cong
hiéu hon. Con khi SNR do dugc cao hon
ngudng, tram chuyén tiép lai tiép tuc chirc ning
chuyén tiép ctia n6 d6i v6i nhitng gi n6 nhan tir
tram ngudn st dung giao thirc AF hoc DF, va
nhu vay thye hi¢n d9 lgi phan tép.

¢) Giao thic chuyén tiép ting cuong (IR-
DF) 12 giao thic trong d6 relay chi chuyén tiép
tin khi c6 phan hdi 4m (khéng tich cyc) tir tram
dich. Trong cdc mang IR thi tram dich s& giri
mot-bit ACK tGi tram nguén va relay néu n6 cé
thé giai ma thinh céng tin tir tram ngudn thong
qua tuyén tryc tiép, lic ndy relay khong lam gi
ca. Nguoc lai né giri NACK dé thong bio
khong gidi m3 dugc tin, relay khi nhan dugc
NACK n6 s& chuyén tiép tin. Phan hdi han ché

nay tir tram dich ¢ thé thyc hién theo timg ki
hiéu, nhu viy sé& cai thi¢n hi§u ning so véi
chuyén tiép cb dinh hodc lwa chon.

Chuyén tiép c6 dinh va loc lya khéng c6
hiéu qua 1im khi truyén tin v6i tbc do cao do
qué trinh chuyén tiép thuc phai hién lién tuc va
nhét 12 khi diéu kién kénh truyén t6t thi chuyén
tiép 1 khéng can thiét. Khi d6 tram dich s& sir
dung phuong thic t8 hop ty s6 tdi da (MRC)
céc tin hiéu nhan tryc tiép tir tram ngudn va céc
tin hiéu nhan dugc qua tram chuyén tiép dé tai
tao SNR cho dén khi n6 c6 thé giai md thanh
cong tin,

Thyc ra tram chuyén tiép c6 thé xir Ii tin
hiéu thu dugc theo cic cach khac nhau va tram
dich st dung cic phuong phap td hop khic
nhau @ c6 dugc d6 lgi phén tip tly theo cic
giao thirc chuyén tiép, trong khi chuyén tiép sir
dung giao thic AF s& khuéch dai 6n thi mot
tram dich ding céch thi chéc chén tdi da (ML)
s8 rét hiru dung so véi céc loai giao thirc khéc,
dic biét khi tram chuyén tiép nim gin tram
dich. Kiéu chuyén tiép sir dung giao thirc AF
phin tip hgp tac it phic tap hon ndy dd cho
thdy c6 hiéu ning toc d) bit 15i (BER) tuong
dwong vé&i kiéu chuyén tiép DF ddi véi cic
kénh Gauss doc 14p c6 d6 mat mat tuyén nhu
trong [8]. Tuong ty, trong [7] da chi ra rang
dung lugng dung hoat dong ciia mét h¢ théng
chuyén tiép phén tip hgp tac gbm 2 budc co
dung cac kénh tryc tuyén Ia tuong thich trong 3
kich ban: khdéng chuyén tiép, khuéch dai
chuyén tiép va mi héa chuyén tiép phy thudc
vao d tin cdy cia tuyén khéng diy tir tram
ngudn t6i tram chuyén tiép.

Trong céc kénh fading chidm, fading dugc
gia thiét 1 khong dbi trong sudt d6 dai ctia khéi
tin, tic 13 kénh s& nhé cac khdi (block) kém
hon, va dung lugng Shannon cuia kénh s& dugc
xéc dinh chinh x4c c6 thé dat t6i dugc. Trong
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hu hét moi tinh hubng thuc t&, kénh niy s& 1a
non-ergodic va dung lugng 13 mot bién ngiu
nhién, do vay s& khong cé tbc dd truyén nao
dang tin ciy. Trong truong hgp ndy, xac suét
dimg s& dugc x4c dinh bang xAc sudt khi dung
lugng nglu nhién tic thdi roi xubng duédi
ngudng cho trdc, va dung lugng trén xac suit
dimg hoat dong s& 1a phép do hiéu ning dya
trén 1y thuyét thong tin [9]. D& tinh toin dung
lugng dimg nay, vi mirc d¢ phic tap cua bai
toan phén tich xdc suit lién quan nén hiu hét
céc tac gia phai vién dén dinh Iy max-flow min-
cut (dong ti da, diém cét t6i thidu) [8, 9] dé tim
dugc cén trén cho dung lugng dung cua kénh
chuyén tiép. Viéc phan tich hiéu ning chinh x4c
cua giao thirc AF rit phirc tap vé mit toan hoc
va hdu hét céc tac gia déu tranh né bing cach bd
qua dn cdng tinh tai tram chuyén tiép hodc ding
ham min(u,v) 1am c4n trén wc lugng dbi véi ty
16 SNR truyén giira hai diu cubi ciia mang hoic
theo [7, 9].

Ta biét ring trong nhiéu {mg dung thyc té,
ké ca cic mang cam nhédn khong déy, cong suit
truyén tin dirge han ché va SNR thudng rit thip
do vdy hiéu ning ciia cic mang chuyén tiép trg
nén cén thiét. Trong ché d¢ SNR thap nhu vay,
dung lugng Shannon thudng coi nhu bing zero
khi SNR ¢6 xu hudng giam vé zero va dung
lugng khdng con 13 mét phép do hiru ich nira.
Do viy trong {8, 9], m{t cach do hgp ly hon
dugc goi 1a dung lugng dimg dugc dinh nghia
nhu 13 t5c d6 truyén t6i da ma d6i voi né xac
suét ding s& khong vugt qua mot gia tri ngudng
cho trude. Mit khac khi trang thai thong tin
kénh (CSI) khong cho phép dé truyén tin thi
viéc truyén din khong thé dugc cho du cé
truyén song cong (full-duplex) hay khéng, do
véy khong thé ning cao dugc tng dung lugng
Shannon cta ca mang. Nhu vdy trong bai nay,
ching t6i tap trung vao phuong thirc truyén tin
don c6ng (half-duplex). Trong tim nghi€n ciu

ciia bii bio 12 tim ra céc biéu thirc chinh xac
hon tinh xé4c suét dimg ciia giao thirc AF va DF
s0 v&i cac bidu thire d3 dugc biét dén.

Phén con lai cia bai bso duge tb chirc nhu
sau: phdn 2 trinh bay m6 hinh mang kénh dugc
gia dinh trong mang chuyén tiép phén tép hop
tac. Phin 3 gi6i thidu dung lugng thong tin cia
kénh hgp tac chuyén tiép, tinh toan 46 loi kénh
va @& xuit biéu thirc tinh toan x4c suét dimg clia
giao thirc AF. Phén 4 dwa ra biéu thirc tinh toan
xac sudt dimg cho céc giao thirc DF. Cudi cling
13 cac két ludn thu dugc lién quan dén cic két
qua dugc tinh toan.

2. M6 hinh kénh

Khi chuyén tiép phén tip hop téc (hinh 1),
dé giam anh hudng cua nhiéu, cic kénh chuyén
tiép dugc phan tach, hoic phan tip thoi gian
hodc phéan tdp khong gian nhd cac anten dinh
huéng hodc phan tip tin s6 nho OFDM. Trong
bai ndy chung t6i chi xem xét truong hgp phan
tap thoi gian va gia thiét:

(i) Céc tram chuyén tiép 1am viéc & ché db
phén chia thoi gian (TD) theo 2 giai doan: giai
doan tram chuyén tiép thu va giai doan tram
chuyén tiép phat, m3i giai doan kéo dai trong
khoang thoi gian T/2.

(i1) Cac tram chuyén tiép 1am viéc & ché do
don cong, d6i ximg, thdi gian phat bing thoi
gian nhén.

(ii1) Khong c¢6 sy tvong quan giita tin hi¢u
phét tir ngudn véi tin higu phét tir tram chuyén
tiép (khong ddng bo), v&i E[x.[N] x,[N]'] = 0 dé
t6i da héa dung lugng thong tin kénh.

(iv) Mdi ban tin tir ngudn dugc mi hoéa
thanh N ki hiéu; m&i ki hiéu chiém mot don vi
thoi gian truyén tin 772 (khoang khe thoi gian
danh cho mdi ban tin). Gia sir ring tram ngudn
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va tram chuyén tiép truyén tryc giao vdi nhau
tai mdi nira cua cac khe thdi gian v6i han ché
A A
cong suat

—ZP [n]< Pva —ZP [n]<P,.

n=1

Tram chuyén tiép
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A
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Trom vvgu&nl ¢
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Tram chuyén tiép

Hinh 1. M6 hinh mang chuyén tiép phén tap hop tac.

Trong giai doan tram chuyén tiép thu, tai
cac thoi didm n =1, 2, ., 772, tram nguém phat
tin (N ki hiéu) t4i ca tram dich 14n t6i cac tram
chuyén tiép (phat quang ba) trong ci trudng
hop AF lan DF. Tin hiéu nhin dugc tai tram
dich y,, va tram chuyén tiép Ysr €0 dang

ysd[n]=‘\)P h hsdx [n]+nsd[n]
y:r V hsr xs[n + nsr [n]

Chi s i tuong (g tram chuyén tiép thir .
Giai doan tram chuyén tiép phat, tai cac thoi
diém n = T2+1, T2+2,... T tht ca tram chuyén
tiép (c6 thé ca tram ngudn) du giri tin hiéu dén
tram dich (da truy cép). Tin hleu thu dugc tai
tram dich tur tram chuyen tlep Vrq Va tlir tram
ngudn y,, c6 dang:

ysd[n] = R,[n]hsdxs[n] + ":d[”]
P, [n)h,  x, [n]+n, ,[n]

(2)

y’id [n] =
trong d6 x, y, n va P la cac tin hiéu phat, tin
hi¢u thu tuong quan, on trang cng tinh Gauss
(AWGN) ¢6 trung binh zero, phuong sai o tirc
12 n~N(0, 6°) va cong suét phat trung binh dugc
chuin héa (tic 12 Eﬁx|2 )= 1). Cac tham sb i, j
1 s6 lién két niit i v&i nat j, k;; 1a d6 lgi (hay

suy hao) kénh fading khéng loc lira tin sb giira
tram i vad tram j va dugc md hinh héa 12 cic
bien ngau nhién phitc Gauss, ddc 1ap, déi xung
2 .
vong, 6 léch ;. Nhu vy [k [ phan b8 theo

ham mil véi trung binh x;. Luu ¥ ring AWGN
tac dong tirng kénh, vi du tram dich khi nhéan tin
hi¢u tir 2 tram nhu vay c6 2 nguén on.

Trudng hop tdng quéat voi md hinh fading
Rician, tirc 13 tAm nhin thing (LOS) va cé tinh
dén tan xa ngu nhién thi:

L +h ]
Y 'u'jl+K ””"HK

Trong d6 71:). 12 ham ngiu nhién phirc Gauss
v6i trung binh zero va phuong sai bing 1.Tin
hi¢u thu dugc thay ddi mot lugng
,uy /(1+ K;). Véi kénh Rayleigh fading, tham
s Rician K;=0.

Cin clr vao biéu thirc (2), tin hiéu tram
chuyén tiep phat x,; dugc tao theo 2 cich: DF va
AF. Trong khi d6 theo biéu thtrc (1) thi tin hidu
theo giao thirc AF dugc khuéch dai voi hé sb
@, trude khi duge relay chuyén tiép, do do:

yff,) =h ., ( PR +n“))+n(2) 3)

sr;7s

trong d6 tham sb trong du ngoic trén chi giai
doan truyén tin.

Nhu vay, tram dich nhin duge M+1 ban sao
tin hi¢u tir tram ngudn va dung phuong thic to
hop ty sb t6i da (MRC) d& nhén duge tin hiéu
tot nhit. Nh&y co ché didu khién ty dong hé sb
khuech dai (AGC), tram chuyén tiép c6 cong
suat phat nhu trong bicu thirc (2) sz) =a yfl‘)
hé sb d6 lgi chuyén tiép duge xac dinh bing;

P (@)

a - T e
W, 2 2
P.r /‘Isr, <t G:r,

Tirc 13 ching ta gia thiét tram chuyén tiép
cé thé udc lwgng mot cach chinh xic d6 lgi
kénh A,.
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Nhu vy tin hiéu téng cong nhdn dugc &
tram dich tai thoi diém T la:

M
2 2 2 1 ¢

i=1
< ) (
1 2
+D (@, h g+ Z n?
i=1

Xét trudmg hop don gian M = 1, t6 hop véi
(1) duéi dang ma trén:

0]
nld

WY _[VE 0 Y 1 0 0 0)a¥
52 ) \aJPh b, JEPh, NP RUPTR! J ny
) (s)
Hay c6 dang Y= AXs + BN

Trong d6 N~N(0, Ny) 1a vector dn Gauss
phirc, vong d6i ximg. Ché y 1a trong giai doan 2
cia biéu thirc (5) d4 phan biét rd n chuyén tiép
- dich va dn ngudn-dich nhu 1a dn tai hai may
thu dgc 14p va do d6 B trd thanh ma trén 2x3.

Chiing ta djnh nghia SNR tirc thoi cua tin
hiéu nhan duge:

hl
Vi = l !‘ |h./| Y ijAwGN Q)

au

Pé thuan tién, phd hep véi nhiéu bai bdo vé
chu dé nay [1-3, 8, 10], trong bai bdo ndy ching
t6i don gian sir dung y.wen, c6 nghia la SNR
cua kénh AWGN khong fading. Khi kénh cé
fading Rayleigh, SNR trong biéu thirc (6) 12
bién ddc lap, nglu nhién phan bd him mi
(exponential) c6 trung binh dugc gia dinh 1a:

7, #UP ﬂ;?’yAWGN ™)

i

3. X4c suit dimg mang chuyén tiép giao thirc
AF
3.1. D¢ loi kénh va SNR giita hai ddu cuoi

Theo hang th hai ciia biéu thirc (5) dbi véi
trudmg hop chi ¢ hai tram chuyén tiép ngudn
dich thi

' =N h,da\/_x +ny

trong 46 n, =h,da' n,+n,

r'tsr
Gia tri SNR trc thoi tai tram dich cda tin

hiéu dugc chuyén tiép cb thé nhan dugc khi
ding o, tir biéu thirc (4) 14

2
o |“rhsrhrd‘ Ps TV
& ‘ah |20'2 Flga Oy Pl
rrd| “sr rd g (8)
2

s h P hd Py
tronig d6 o =| .r;r|2 s 70g = | r |
Tsr rd

SNR téng cong cua tin hiéu dugc MRC tai
tram dich la:
}’ .\'r}’ rd

7AF=ysd+m = Yut?e @
sr rd

2
hal P 13 SNR cua tram dich

5d
2
Oy

Trong d6 e
thu duge tin hiéu trén tuyén tryc tiép ngudn-
dich va

rlrrrd = l

7.v'+yrd+l _1-+L+ 1

Yo Va VYaVu

~min{y,, /) (10)

Yr=

cho SNRs trung binh va cao nhu trong [2, 7, 8],

Trong trudng hop M-chuyén tiép, SNR tbng
cong cua tin hiéu dugc MRC tai tram dich 1a
tdng cua tht ca cac SNRs cta cic tin hiéu 16i

vao bo td hop, tirc 1 SNR
M
= }/sr}/rd
Yar =Vsa Zys $,.+1 =Vsa ;74

3.2. Cdn trén xdp xi cua SNR giita hai ddu cudi

Théng tin twong hd gifra céc dai lugng theo
entropy [11] 1a:

I(u;v) = h(v) — h(v|u) = A(u) — ~A(u|v)

Do entropy 13 s6 do d6 khong chic chén vé
mot bién nglu nhién, vay Adulv) duge coi 1a o
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khéng chic chin vé6i u sau khi duge biét v. Vi
thé thong tin twong h3 ctia u va v 13 syr sut giam
d6 khong chic chin vé u do d3 biét vé v. Nhu
vy rd rang 1a thong tin twong hd cia hai bién
doc 1ap s& bang zero. Chiing ta s& ding thong
tin twong hd giita cac dai lugng d6 lgi kénh &,,
gitta tram nguén- chuyén tiép va dd loi kénh 4,4
gitta tram chuyén tiép-dich. Thong tin trong h
I(hy,\h,g) thay dbi véi tbc d6 thong tin 1.

Xac xuit dimg coa téc do thong tin déi véi
mét tbe do ngudng cho truéc R, duge dinh
nghia:

F,(R,)=P(I<R,)=1-PI2R,) (12)

Nhiéu tac gia di tinh téc d6 thong tin nhu 13
toc 6 t6i da khi sir dung SNR giita hai du cudi
(tram ngudn va tram dich),

1
I=——log,(1+
M+l g,(1+7)

Trong 6 M 14 s6 tram chuyén tiép con y 1a
SNR giita hai d4u cui ciia mang chuyén tiép
phan tip hop tac. Vi thé

f)r"“‘ (Rrh) = PI'(}’ < Y= 2(MH)R:A _ 1)

Hodc mét cach twong duong, khi dung u do
l¢i kénh fading

(M+D)Ry _ 1

P (SNR,R,,) =Pr(u < p, = m—)

Véi a, trong (4), biéu thirc tbc do thong tin
khi cho 1 tram chuyén tiép (M=1), giao thirc AF
duoc
xéc dinh trong [10, 5] tré thanh

o

T E—— LY (13)
|, |+ || +1/ SNR

%logz(1+|h,,|2SNR +

Ly =

6] day ching ta ki hiéu SNR=P/N, theo cic
ki ty italic. Dt 4§ 1gi kénh fading tic thoi cua
mang chuyén tiép phan tap giita diu cudi- ddu
cudi la:

b |l (14)

b=l +
rarl” = *+h|° +1/SNR

h.\"'

Théng tin tuong hd tirc thoi tdi da cia mot
mang chuyén tiép AF theo bidu thirc (13) va
(14)1a

Iyp= %log 2(1+ | |"SNR ) (15)

Do I, trong biéu thirc (15) 1a mot ham lién
tuc, x4c xudt dimg ciia mang chuyén tiép giao

thirc AF dugce xac dinh bai
P::" (my)= Pr(|hAF|2 < Hy) (16)

Rit rd ring rét kho c6 duge 101 giai cho biéu
thirc (14) dé c6 két qua chinh xac dbi v&i phan
b thdng k& cua el va vi thé hién nay theo
nhirng danh muc d3 dwgc cong bd, vin chura c6
dang nghiém gén chinh x4c tinh x4c xudt dimg
theo biéu thirc (14). T4t ca cic nha nghién ciu
déu bang long sir dung c4n trén xap xi d6i véi
SNR ciia hai kénh chuyén tiép cho méi trudng
SNR cao va trung binh, theo [2, 3, 7-9] viét lai
SNR tir biéu thirc (14)

7sryrd

< min{y_, (172)
}’S’+}’rd+l {}/sr },rd}

M=

hoic twong duong
lh.rrlz hrd
" +|ha|" +1/SNR

2

Ihg|” = < minh, [}, '} (170)

hJ'

Vé mit toan hoc, biéu thirc (14) hoan toan
c6 thé tinh dugc dya trén phan bé théng ké do
1gi kénh fading giita hai diu cudi va tir d6 c6
thé tinh dugc xic xuit dimg trong biéu thirc
(14) theo c4c diéu kién khac nhau. Tuy nhién,
v6i cac diéu kién SNR thip hay fadinh sau thi
céc biéu thirc (17a,b) xAp xi trén ddy 1a thiéu
chinh x4c. Ching ta c6 thé chitng minh bing
c4ch viét lai cac biéu thirc (17a,b) nhu sau:
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1
= 18a) va
7R 1/7sr+1/7rd+1/(7sr7rd)) ( )
Iy = ! (18b)

U, [* +1/hg| +1/0k, 10| SNR)
thi d6i véi toan bd dai SNR, ching ta dua ra
bidu thirc xdp xi nhur sau:

yrSmin{y, ., 74,77} (19) tuong duong
2 2

2 . 2 2
o] < min{ |, |, || 1| || SNR} (190)
o : T S T
(171 S
E 005}
£
32 (X7 -
B
85 2
Som
B
B i 1t | 1
S 02} e - .
o — Bt (0L 00 o Fo VSR
B o f
e —manfnEnfnten
o i; LT LT F i
ot 10 10 10t .
: “é: : L SMRp=04. 0,202 :

(a)

f .
b
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=
=

.
L
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=
=
T

B
T

—— Exact 00, P P o FrusRy |
— minfh, I )
wiofh, ] I 1, 1 SHA)

' Especiatad valua d!hn(ld_innglm C b
=
B
I

-
=B
H

=
=

Aiets [3eednedign) SN avs
_ 1 10 10
SR HEAl p TR

(b)
Hinh 2. Gié trj 49 l¢i fading dy kién ciia kénh hai
chuyén tiép (a) gin tram ngudn va
(b) gin tram dich hon.

P4 thi bidu dién két qua trong hinh 2 du kién
gi4 trj 4% lgi Fading cia mang chuyén tiép giao
thirc AF véi M=1. Trong d6 dudng cong mau
do theo biéu thirc chinh xac (18b) v&i cin trén
hién hanh, x4p xi héa biéu thirc (17b) méau xanh
da tri va dwdng cong miu xanh 14 cly xép xi
héa biéu thirc (19b)

Két qua trong hinh 2 ciing d3 chi ra ring:
khi cac d¢ g kénh nho khi fading siu, tic la g,
va u, nhé (hinh 2a), 6 chinh xé4c cia biéu thirc
xap xi (19) 13 rit cao trong ci hai mién SNR
cao 1in SNR thép. Ciing nhu vay, khi vj trf cia
tram chuyén tiép gén véi vi tri tram dich hon so
voi tram ngudn (khi @6 d9 chénh 1&ch giita u,
va g, 16n — hinh 2b) thi biéu thire x4p xi (19)
dugc dua ra tét hon khi khoang céach tram
chuyén tiép véi tram ngudn-dich 13 tuong
dwong v6i nhau. Didu ndy c6 thé duge Ii giai
bing cach kiém tra o 16n twong quan ciia céc
dai lugng dudi mau sb bidu thirc (18b) dbi véi
c4c vi tri hai tram chuyén tiép.

3.3, Xdc xudt dimg dya trén SNR giita hai ddu cudi

3.3.1 Xdc xudt dimg dya trén xdp xi cdn

hsr : hrd |2}

Trude hét, haim cdf F(u) duge sit dung dé
tinh x4c xut dimg P* clia mang chuyén tiép
khong diy phan tip hep tic theo didu kién
fading cham khoéng chon loc tan sb d6i véi mot
ngudng, R, , ding cua tdc do thong tin cho
trudc duge dinh nghia la:

P:;, (SNR’Rth) = Pr{#y < luth} — pr (#rh)
trong d6 4, = (@¥% _1))SNR va M 13 béc
phén tép.

Co hai cach xem xét giGi han cta cdf khi
Hs—0: mt 1& khi SNR 16n tai mdt ngudng
dimg R, cho trudc va hai 12 khi ca hai SNR va
Ry, déu nho. Trong trudng hep thir hai, Ry, nho
va chung ta dat €= R,, , tuong ung vdi dung

trén min{
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lugng dimng C, & mice . Vi thé gidi han cla cdf
khi z4—0 trong ca hai trudng hop cho két qua
nhu nhau.

Do d6 lgi hai kénh fading la doc 14p véi
nhau do d6 ham cdf ctia |Ag|* c6 thé thu dugc

o) =1-Pr(h [ 2 mPr(h,f 2 p 20

Chuing ta thiy ring, biu thirc (19) c6 thé dé
dang tinh dugc cho fading Rayleigh

sr Vra

Ep=1- eXP{— ot _L)}

hayr (u)=1- exp{(ML)} 1)

|
r

va L 1
FihAFlz (Au) =V

U/ py-1/M,)

: dF, (") 1 _mttee 13 od
COHf]th(}')= Zy =Fe riM. tc 1la c6 su

thay d6i ngau nhién phan b ham mii véi trung
binh M,, trong doM, ={1/u, +1/u,}". DO loi
kénh fading giira hai dé}l cudi c6 thé dugce xip
xi nho cén trén ctia né bing:

r

e [ =+ min i, o) 22)

Nhu viy, cdf cia Ih AF|2 trong biéu thirc
(22) c6 thé nhan dwogc tir [177 bing tich chap
cta hai SNR

T
P )= [f,, (S, (4 - x)dx
0

1 I__L s
e MR_e Hyd

=MR#:d(l/#sd_l/MR)L

[l—] 1 [1—]] @3)
! M,

Khi cho p—0, bing cich sir dung €™=1 — x + x*/2, chiing ta c6 thé chi ra ring biéu thirc (23) gibng

nhur biéu thic
Lim_, {Pfﬁ’(ftmm}z L1, L iyt
SR | Ay 2 Mo Ha 2t
Vithé P (SNR,R,) = F, (1) 24)
3.3.2. Xéc xudt dieng dya trén xdp xi cdn trén min{|h,, 2, h,, s Ifin ¢ h., 2SNR}
Theo [5] biéu thirc (17) cho I;l‘hklz (u)=1-Pr( S w)Pr(lh,, P> u)Pr(h,, g h., e 1/ SNR)

o
= l-e Y2

Ha Hopy

Trong d6 K (x) 14 ham loai hai va do |, [ = |, [*¢ |1, [, | [,

LISNR

Kl[z et LHR ] (25)
HsrHra

2

b | SNR}

hJ"

M3éi twong quan chép ciia tdng hai bién ngiu nhién duge x4c dinh béi:

By (1) = J P Gy p (s = x)e

T N E: _ M-z — =
trdé ,(y)=_[1 e PP A (RS T B O (RT3 |
lhAFl 0'u-"d Ho Moy ﬂ;,.ﬂ,.d
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A L ooyt L
Dit y=u-x tacéd F, o(n)=|1-e " B e j'g y[”* ‘*u]z ’M K}[z /M dy (26)
| ar | Ju.m’ 0 nu:rlunf #:rlurd
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Xac xuét dimg khi d6 c6 thé dugc tinh theo biéu thirc (24).

3.3.4. Xdc xudt dimg dwa trén cdn cut-set

Nhiéu tic gia sir dung H thuyét thong lugng
t6i da diém cét t6i thidu “max-flow min-cut” [1,
3] chdp nhén cén trén dung lugng cuia hé thong
chuyén tiép song cong hoan toan v&i nhiéu 16
vao, nhidu 16i ra (MIMO). Khi d6 céac tin hiéu
thu va tin hiéu phat ddng thoi chiém cling khe
thoi gian. Li do @ tinh c4n trén dung lugng 1a
trong céc hé thong truyén théng khong day hién

nay, khi cac kénh vira 1a kénh quang ba (BC)
theo chiéu xudng va né ciing 14 kénh da truy
cip (MAC) theo chiéu 1én thi day la cac kénh
két nbi hoan toan phan tap. Khi d6 céc kénh
chuyén tiép noi chung 1 chuyén tiép AF vi thé
chuing t6i sir dung [1], trong truong hgp khong
c6 sy tuong quan gilra A, va h,, va cong sut
phét tir ngudn va tir tram chuyén tiép 1a nhu
nhau thi cin trén dung lugng la:

e — mynf 1
C* =min {Elog(l +(V +7s,)),510g(1 F(Voa + 7 ))} (27)
D6 lgi kénh gitta hai ddu cudi dugce cit tai can twong img véi biéu thirc (27) 1a:
s = min { (o ). (1l + Il ) @8)
Cén dudi twong tmg ciia x4c xuét dimg trong diéu kién fading la:
Fesp () =1- Prmhsd T+ h,, ’ )> /uthPj(lhsd * 4l 2‘)> ,UmJ
1 Ha _Hon 1 _ta _Hn
=) I L TUN yo 7] —u.e ool LA TIEN . Hoqe Hsa - u e Hea (29)
lu.rd _Jusr /usd —lurd
Két qua trong biéu thirc (29) c6 thé nhan dugec tir [5], tir d6 ta c6 biéu thirc 30 duéi ddy:
Elt [ + min (i, |1 )2 Elmin §a + 18, )l + 5l W2 Bl + min (b, P B 1 o SVR)]
Chc cong trinh d3 duge cong bb trude day ) dhiss R

déu sir dung phép xAp xi bing min(u,v), da cho
két qua céc cdn trén khong khong chinh xéc.
Trong hinh 2 trén ddy va hinh 3a, hinh 3b duéi
day khong vé& biéu dién cac két qua tuong tmg
vi cdn cut-set do ching ta hoan toan c6 thé
thdy ring, cin cia biéu thic (30) hoan toin
gidng v&i can min(u,v). Pidu nay cho thiy bidu
thirc (17) va (25) chiing ta @& xuét c6 d5 chinh
xac trong toan dai SNR tét hon nhiéu so véi cac
dé xudt truge do.

i —— Exact (n Fm Py fom o 1SR
i — o 1 ) -
{—moinisinisa

""Il vadans
n' 10t

: jﬁéﬁ.:-m_;_.;'au = 001

(a)
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i —— Esxaet (b fh Pl el P+11SHR)
_— mn[|h-|‘:.ﬂ",f"] I
— minfh, . 1h 1 i Pk PSRy
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i kR
e e
hwm&r i

(d)
Hinh 3. Anh huong cda ti tin higu trén 6n AWGN
t61 xac xuat ding cia mang chuyén tiép
phan tap hop tac khi sir dyng céc cén va xap xi.

Céc phan tich théng ké vé ty 1¢ tin hiéu trén
dn (SNR) fading tirc thdi hoic dd lgi kénh
tuong {mg v6i on fading tirc thi cua giao thire
chuyén tiép AF dugc coi 1a cyc ki phuc tap.
Hau hét cac nghién ciru hién c6 pha v sy phén
tich phirc tap bing cach bd qua cac anh hudng
cia AWGN sau d6 bing cach sir dung don gian
xip xi trén rang budc min(u, v) ty 1§ tin higu
trén dn trong biéu thirc (17a) hoic tuong duong
v6i kénh fading trong biéu thirc (17b).

Chiing ta c6 thé nhin thiy tir hinh 2 d& xuit
xdp xi clia chiing t6i bj rang budc trén (u, v,
uvSNR) 13 t6t hon nhiéu so véi rang budc
min(u, v) cho toan b$ dai SNR, cho phép ching
ta nghién ctru anh hudng cia AWGN vé hiéu
ning mang, dic biét 13 mang nhan thirc radio va
mang cam nhan khong ddy cén thiét SNRs thap.
Trong hinh 3(a, b), 6 chinh x4c cao clia két
qud @& xuit bing cach s dung min(u, v,
uvSNR) c6 x4c xuét dimg thdp hon 13 rat thuyét
phuc cho toan by pham vi ddii AWGN.

4. X4c suit dirng mang chuyén tiép giao thirc
DF

Véi chi phi ngay cang giam va nho su linh
hoat giai mi cua k§ thuat s6, giao thirc chuyén
tiép DF dd ngay cang trd nén phd bién hon va
dic biét on ciia chuyén tiép AF s& bj giao thirc
DF loai bd.

4.1. Xac xudt dimg chuyén tiép DF khéng doi

Thopg tinftwong hd trung binh t6i da gitta
16i vao tram dich va hai tin higu 16i ra tram
ngudn va tram chuyén tiép cé cac tin hidu phirc
phan b ddng nhit Gauss ciia mang chuyén tiép
sit dung giao thirc DF véi mi 1ap theo [3] la:

i =min{%log(Hyy),-;—log(1+y:d +yn,)} (31)

Pai lugng diu tién cia bidu thirc (31) x4c
dinh tdc d% t6i da ma tram chuyén tiép 6 thé
giai mi dit liéu nguén coOn dai lugng thir hai xac
dinh t6c d6 tdi da ma tram dich c6 thé giai ma
dit liéu ma n6 dugc tram ngudn cung cap va dir
liéu thong qua tram phat 13p. Khi doi hoi ca
tram chuyén tiép 14n tram dich giai ma toan bd
c4c tir m3 nhan dugc tir tram ngudn khéng c6
151, ddi hoi nay dat dugc nhd tdi thiéu hoa
thong lugng théng tin twong hd [1]. Piéu nay
han ché hi¢u ning ctia DF khéng ddi téi hiéu
ning cia lién két gitra tram ngudn va tram
chuyén tiép, tirc 14 d0 lgi phén tap c6 thé khong
dat dugc.

Xéc xudt dimg twong ung biéu thirc (31)
trong diéu kién fading 1a:

P;;’F(/‘m) = Pr(|hFDF|2 Sl‘rh)

F >,u,h)Pr[(h i +|h,d|2) >,u,,,}

= l-e_%|:l- l {/J,d[l—e-‘%]—,un,[l-e_%]}:l (32)
Hea = Hra

h

sr

- 1—Pr(




N.Q. Tudn, D.T. Nguyen /Tap chi Khoa hoc DHQGHN, Khoa hoc Tw nhién va Céng nghé 28 (2012) 271-285 281

Két qua tai hang cudi cing cia bidu thirc
(32) ¢6 thé thu duge tir phu lyc [13].

Béng cach 4p dung phuong phap x4p xi bac
1 cho bidu thirc e™~1-x, chiing ta cé thé nhan
duoc

i, {P:r,;(ﬂ,hm}z - (33)
Hy, Hy

Y nghia quan trong cia biéu thirc (33) 13 &
chd né da chi ra ring chuyén tiép sir dung giao
thirc DF khong abi khong dat duge d$ lgi phan
tap, tirc 1a tai SNR cao, dudng cong suy gidm
xac xuat dimg 1 1/SNR chir khéng phai 13
1/SNR?. Nguyén nhan 13 do n6 hoan toan phy
thudc vio lién két tram ngudn-tram chuyén tiép
dé gidi ma hoan toan dir liéu ngudn nhu di
dugc chi ra trong [12].

4.2. Xdc xudt dimg chuyén tiép DF loc lya
(Selection DF)

Giao thirc chuyén tiép DF loc lya sir dung
khi tram chuyén tiép khéng c6 thé gidi ma dir
liéu nguén, tire 14 lién két tram nguén—tram
chuyén tiép ngung lai, tram nguf)n 1ap lai vigc
phét lai trén lién két truc tiép ngudn-dich. Vi
thé tdc d¢ théng tin trung binh t8i da trong
trudong hop nay 13 tbc d6 mi 1ap. Tc do thong
tin clia mang chuyén tiép DF loc lya c6 thé biéu
dién nhu trong [6]

1
Elog(l+ 2¥q)s Vo <V (4)

ISDF -

1
Elog(l+ YatVa) Ve ZVa

Xac xuét dirng chuyén tiép DF loc lya trong
diéu kién fading 1a:

Psoll)‘;‘ (up)="Pr (thDF |2 S B ) =

Pr(z Ih:d lz < .ulh ) Pr (lh.vr |z < ”th)

+Pr (]h,, |2 > Hy ) Pr [(lhxd I2 + |h"’ Iz ) < ,u,,,]

_ _
=[1—e ] ](l—e "‘"]+
(35)
_ b
e Hr . —::—“ 1 —:l'—”'
+ —e Ma | —e Hn
Hsq = Hpa Haa at

Két qua tai hang cudi cling cua biéu thirc
(35) c6 thé thu duogc tir phu luc [13]. Ching ta
~ r A > M £ » 5 , , .y
ciing co thé chi ra rang, két qua cua cac tac gia
true ddy [6] c6 thé nhan duge tir viée ldy xép
xi bac hai cia két qua trong biéu thirc (10), tirc 1a:

Lim _’O{R:l')‘;" lh)}_ 1 l . l - #ni+#sr
Pl

| zﬂ:d /‘l:r Zﬂ:dlurd y Zlusd#.\'r#rd

4.3. Xdc xudt dimg ctia chuyén tiép DF ting
cuong (IR-DF)

Nhir d3 chi ra tai phin giéi thiéu, dung
lugng thong tin cia mang chuyén tiép khi sir
dung giao thirc DF ting cudng 1a mdt bién ngiu
nhién phy thudc vdo sb cac khdi con dir lidu
dang sir dung dé truyén tin. Dung lugng thong
tin clia giao thirc nay rat khé xac dinh va vi vay
khong c6 thé x4c dinh mot cach don gian xéac
xuit dimg cho chuyén tiép IR-DF. Bdi vay thay
vi ching ta tinh tryc tiép x4c xudt dimg cho
chuyén tiép IR-DF theo dinh nghia ciia didu
kién dimg. Hé thng dimg hoic khi cac lién két
ngudn-dich va lién két tram ngudn-tram chuyén
tiép dimg hoic lién két tram ngudn-tram chuyén
tiép khong dimg (tc 1a c6 kha nang DF),
nhung tich lity SNR tai dich cua tin hiéu tir tram
nguén va cic tram chuyén tiép khong di vuot
gi4 tri ngudng ding. Nhu viy trong didu kién
fading, x4c xuit dimg ciia mang chuyén tiép
khong day giao thirc IR-DF la:

P pr () = Pr (Ith-DF Iz < Uy, ) =
Pr(nal < s )Pr((p [ < s )+

w e 2 ma ) Pe (Bl + ) <
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Hon My . BT Outiga Probabilty of Cooparative Oivrsly Faliy Netyorks uncr ol
_ '3 . X100 im@‘f M.(m:a uu(u;xa mra;s;
={l-e ™ ||1-€e * |+ .| ISP T— E—— ;
=0 —‘-Ium-ntbwﬂd
(37) | | —e—RoOF Relaying
~—8— Sslection DF Relaying

_H
e Hr -l —ei
+ Hall-e # [—py l1-e
L

Két qua tai hang cudi cing cua biéu thic
(37) ¢6 thé thu dugc tir phy lyc [13]. Ching ta
~ 7 3 ? & A 2 ) 7 , va
cling ¢6 the chi ra rang, ket qua cua cac tac gia
tru6e ddy [7] c6 thé nhan dugc tir viéc lay xép
xi bac hai cia két qua trong biéu thic (37), tirc

1a:
i {B:TDM)}_ 11, 1 2u+u, (38)

M0 o i =
H Ho By Wby 2fhabiebly

faiie Dty Halay Motk under Ray Fadi
gg\w Ww,az Wu;u-nl i Rayleigh [}

4.4.Cdn dudi xdc xudt dimg e caaet o boun
—o—ROFReisyrg | |
5} - { —5— Selaction-OF Relaying |.

Gibng nhu viéc sir dung li thuyét théng
lugng t6i da, diém cit ti thiéu chi ra trong muc
3.4 va trong [13], khi gitta hai dai lugng %4 %,
khéng c6 sy twong quan vi cdng suit phat tir
tram ngudn v tir tram chuyén tiép bing nhau
thi cén trén dung lugng la:

C* =min {%log(u(r.d +7, 510814 (7 47 ))} 39

D6 lgi kénh giira hai diu cubi duge cit tai
c4n trong Umg v&i biéu thic (39) 1a

Vrcsa " = min Qi + 15, 1), G

! 4 Hinh 4. X4c xuit dimg cta giao thir chuyén tiép
P} @0) IR-DF, SDF va cin duéi x4c sut trong hai truong
hqp a) Vdi (psd, Hsrs p'rd)=(19 29 3) va
b) voi (p‘sd’ Hso prd)=(3’ 2’ 1)

sd

Cén du6i twong (g x4c xuit dimg trong diéu kién fading 1a:
P&u;(/‘rh)=1"'Prl(] | ik 2)> MhJPrmhsd 2)>/u:hJ

1 - . 1 _H _H
=1_ 1_ #sd l_e fit —ﬂ:r l_e A" 1_ lu.\'d l—e ot _/lrd l_e =
M _#sr Ha = HKea
N b _Ha i
=1——1— #sd l_e 1 _#:r l_e fe —L— lusd l_e o _#rd l_e - (41)
#sd _lu.rr /u:d —Hq

+\h,
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Két qua tai hang cudi ciing cua biéu thirc
(41) c6 thé thu duge tir phu lyc [13]. Chiing ta
ciing c6 thé chi ra ring, két qua cuia céc tac gia
trude day [7] c6 thé nhan dugc tir viée 14y x4p
xi béc hai ctia két qua trong biéu thirc (41), tirc
la

) Pgsp (1, B+ U,
Lim Lol CsB (1#;.01 = rd
Hy 2U MG H ey

Hinh 4 cho théy x4c xuét ding DF cén dudi
thdp hon xac xut dimg DF loc lya. Didu nay
duoc giai thich 1i thuyét do nang luwong cip mot
cach lién tyc cho DF cén dudi trong khi d6 cip
gidn doan cho DF lgc lya khi ma kénh ngudn-
chuyén tiép bj dimg. Hinh 4(a) tuvong tng véi
truong hop tram chuyén tiép gin tram ngudn
hon con hinh 4(b) v6i tnrdmg hgp tram chuyén
tiép gin tram dich hon cho thdy ré anh hudng
c1:1a khé ning DF trong mang chuyén tiép.

5. Két luan

Trong bai bao niy, ching t6i di tim ra biéu
thirc tinh toan cac d6 1¢i kénh va x4c xuét dimg
hé théng cia mang chuyén tiép khong diy phan
tap hop tic sir dung céc giao thirc AF va DF.

Mic di céc phan tich théng ké vé ty 1§ tin
hiéu trén dn (SNR) fading tirc thoi hodc do loi
kénh tuong mg v6i n fading tirc thdi cia giao
thirc chuyén tiép AF dugce coi 1a cuc ki phirc tap
va cac nghién ciru trudc d6 chi xem xét xac
xudt dimg hé théng ciia mang chuyén tiép véi
SNR hoic rét cao hojc rét thip. Trong bai béo
nay, ching t6i di tinh toan thanh céng véi mét
phan tich chinh x4c hon céc tinh toan trudc do
trong pham vi ddy du cua toan bd dai SNR. Xac
suat dimg ctia mang chuyén tiép phan tip hop
tac sir dung giao thirc chuyén tiép AF di dugc
tinh toan nhu 1a m¢t ham cua cac ngudng ding,
Um » cua 40 lgi kénh fading giira hai dau cubi.

Uu diém cia phuong phap ding tham sb
ngudng ndy la ca hai dai tiém cdn, SNR 16n va
SNR nhé va c6 thé nghién ciru xdc sut dimg
béng céch cho uy = 0.

Ching t6i di xiy dyng thinh cong biéu
thirc tinh chinh xac cho xac xuét dimg hé théng
cia giao thitc DF theo céc kiéu chuyén tiép
khac nhau. Hinh 4 cho thiy cic dudng cong xac
xudt dimg nhu mot ham cta ngudng dimg u,
v6i hai kiéu chuyén tiép: DF lgc lya va DF ting
cuong. Cac dudng cong xac xuit dimg cho DF
c¢b dinh khéng dugc hién thi trong hinh 4 béi vi
gié trj x4c xuét dimg cua giao thirc DF ¢b dinh
16n hon hai bac so véi cac giao thirc DF lgc Iya
va DF ting cudng. Hinh 4 cho thdy giao thirc
DF loc lya chi chuyén tiép thong tin qua cic
lién két tryc tiép néu tram chuyén tiép dimg
(trong giai doan truyén chuyén tiép) c6 xéc suit
dimg DF lgc lya thdp hon (tirc 13 tdt hon) hon
so voi DF ting cuong. Tuy nhién, so sénh don
gian ndy c6 thé 13 khéng cong bing vi dung
lugng théng tin ciia DF ting cudng 13 mdt bién
théng ké va dinh nghia cia u, DF ting cudng
khong c6 y nghia twong ty nhu cia uy, dbi véi
DF loc lya. Hiéu ning DF ting cudng c6 thé tot
hon trén co s& xét vé hiéu ning bang théng va
cong sudt.

Bai béo da thyc hién mdt budc quan trong
huéng téi mot giai phap tinh x4c suit dimg clia
giao thirc chuyén tiép phén tap hop tic cla AF,
nhung nhitng thach thirc cho nghiém chinh xac
van con dé tim kiém dang gin dung dbi voi
biéu thic (25).

Loicam on
Bai bdo ndy dugc tai trg boi dé tdi QG

12.45 truomg Pai hoc Cong nghé, Pai hoc Quic
gia Ha Noi
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Relaying Networks
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In the slow-fading environment, once a channel is in deep fade, message coding is no longer

effective in improving transmission reliability, and cooperative diversity transmission has proved to
dramatically improve the performance of transmission. The relay network with Amplify-Forward (AF )
and Decode-Forward (DF) protocols using low-complexity cooperative diversity relaying protocols for
ease of potential implementation analyzing the capacity of relay networks is often based on the max-
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flow min-cut theorem providing an upper bound on the true capacity which is generally still unknown.
However, the statistical analysis of the fading end-to-end channel gain of the relaying protocols is well
known as extremely complex, and research work to date have only studied the asymptotic behavior of
the outage probability of the network at either very low or very high signal-to-noise ratios (SNR).
Most current works circumvent the analytical complexity in AF protocol by first ignoring the effect of
additive white Gaussian noise (AWGN) then by using the simple approximated upper bound min(u,v) for
the signal-to-noise ratio. The approximated upper bound min(u,v,uvSNR), proposed in this paper, is far
better bound than min(u, v) for the entire SNR, which allows us to derive exact analytical expressions
to study the effect of AWGN on the network performance. The accuracy of the resulting lower bound
for the network’s outage probability using the proposed min(u,v,uvSNR) function is very convincing
for the entire range of AWGN. We present exact analytical expressions for the outage probability of
cooperative diversity wireless relay networks operating in various DF protocols (fixed, adaptive, and
incremental relaying) under Rayleigh fading conditions. Our analytical results are presented in such a
way that they can be used for both asymptotic conditions.



