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T6m tit. Trong m6i sdu thi md tin nhim
nAng cao tlQ tin cfly truyQn tin phdn tfp
hqp t6c tld cho thSy chuy6n ti6p c6 giao

thrlc khuiSch dai-chu dpng c6c giao thric
chuy6n ti6p phdn tap hS? t6c v0i ttQ phric tep th6p c6 tinh thUc hi€n cao. Vigc phAn tich_ dung

luqng c6c mang ctruy6n tiiip vOi giao thtlc AF thudng dlra trdn dinh l), th6ng luqng t6i da AiCm cat

t6i ttri6u (max-flow min-cut) nhim x6c cllnh cfn tr€n cta dung n6ng thgc (thuong ld chua bi6t)- Do
vipc phdn tich th6ng tC vd dq lqi kCnh ctAu cutii - dAu cuiSi (e2e) cria c6c giao thric chuy,5n ti6p ld
tAi ptrri. tap, md cria x6c su6t

dirng cria m4ng H6u h€t c6c

c6ng trinh hiQn 6c tlQng cta
AWbN rdi sau (u,l dE uOc lusng mQt c6ch don gian rj l0 tin hi€u
t€n dn. Gi6 tri cfln tr6n u6c lugng min(u,v, uvSNR) cho toin b0 SNR dua ra trong bdi ndy t6t hon
nhiAu so vdi gi6 fri min(u,v), cho phdp ta thu dugc c6c biiSu thuc chinh x6c dO nghi€n cuu t6c dQng

cria AWGN l6n hiQu n6ng mpng. DQ chinh x6c cria c{n duoi khi d6 d6i vdi x6c sudt dtmg cta
m4ng sri dgng hAm min(u,v,uvSNR) ttrlng tin c$y tllii vdi todn bO dai AWGN. Bai b6o dua ra bi6u
thric chlnh x6c tinh x6c xudt dtng m4ng chuy€n ti6p sri dgng giao thtc DF (c6 clinh, tf,ng cudng,

lqc lUa) trong m6i 0udng fading Rayleigh.

1. Gioi thiQu

C6c m4ng chuytin ti6p s€ trd n€n thdng

dgng cho ph6p md rQng vung phri s6ng a5i voi
c6c mpng di <lQng sri dgng phuong ph6p t6 bdo

(cell), ilim bdo hiQu ning khi n6ng lugng trong

mpng Ad-hoc bi gi6i h4n vd img dpng c6c giao

thfc mdi cho mgng tn6 nC sau []. Tru6c tl6y

tung tram chuy6n tii5p thuong khu6ch dai (c6

th6 xu t9 rdi truydn di c5c tin hiQu chfng nhin

-t6. 
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<lugc. C6c phuong thftc truyAn v6i m6lflp phAn

Qp thoi gian f2l, md phAn t$p kh6ng gian{hdi
gian [3]...tt6 dugc 6p dgng. Khi c6 nhi6u tram

cung hqp t6c chuy6n ti6p mQt tin hiqu phSt thi
n6 s€ mo ra co hQi 6p dgng nhiAu phuong thr?c

truyAn khhc 14,51. Chung ta cfing de bi6t rdng

trong mdi truong fading chfm, khi mQt k€nh

ndo tl6 tlang fading sAu thi md tin kh6ng cdn

hiQu qud nfia trong vipc nAng cao tlQ tin c4y

truydn tin, vd viQc truy6n tin phdn t{p hqp t5c

ttd cho th6y kh6 n6ng cii thiQn cl6ng t<C nieu

nlng truydn ddnf6,7',.
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Trong bii b6o ndy, chung t6i chi xem x6t

mpng chuy6n ti6p c6 sri dgng c6c giao thric

chuy6n ti6p phdn t$p hsp tric kh6ng phfc tap

6m a6 tnng khn nlng img dpng vio thgc t6 nhu

trong [7] v6i

a) Giao thrlc chuy6n ti6p c5 dinh ld c6c lo4i

giao thric trong d6 trpm chuy6n titip (relay) b6t

ch6p ch6t lugng k€nh, sE li€n tpc hoflc khu6ch

tlgi hoflc gi6i md - rdi ma h6a lai dG chuydn tii5p

tin md n6 nh6n tlugc. Giao thtc chuy6n ti6p c5

tlinh thuong ttugc dirng l:hi lfiOng c6 thdng tin
fi4ng th6i kOnh (CS! cho truydn tin. Giao thric

chuyi5n ti6p c5 dinh c6 hai tuy chgn ld AF vd

DF. Giao thric DF dugc coi li uu vi€t hon giao

thric AF do trpm chuytin tii5p gi6m 6n sau

}truaich tlei.

b) Giao thric chuy6n titip lgc ltra (SDF) hay

thich nghi (SR) duqc dung chri y6u d6 knic
phpc nhugc di6m cria chuy6n ti6p DF c5 ainn

kfii SNR (trlc ld c6 CSI) tai fam chuy6n titip

th6p di5n dQ kn6ng c6 khi nlng giii md tin. Khi
SNR tlo dugc tgt th6p duoi ngudng, trpm

chuy6n ti6p sE dtng chric n6ng chuy6n ti6p vd

tgm ngudn truydn tin tryc tii5p d6n trpm ctich,

sri dpng m6 l[p hofc c6c lo4i m6 1:h6c c6ng

hipu hon. Cdn l:hi SNR do dugc cao hon

ngudng, tr4m chuy6n tiiSp [i ti6p {rc chric ning
chuy6n ti6p cria n6 d6i vOi nhiing gi n6 nhfn tu
trpm ngudn srl dpng giao thtc AF hoflc DF, vi
nhu vfy thUc hipn d0 lqt phdn tap.

c) Giao thric chuytin ti6p tlng cuong (IR-

DF) ld giao thr?c trong d6 relay chi chuy6n ti6p

tin lfii c6 phan hdi am (kh6ng tich cUc) tt trpm

dich. Trong c6c mgng IR thi trgm tlich sE gtii

mQt-bit ACK toi tgm ngudn vd relay n6u n6 c6

th6 gini md thanh c6ng tin tu tram ngudn th6ng

qua tuy6n tryc ti6p, ltc ndy relay l*r6ng ldm gi

c6. Ngugc lai n6 grii NACK d6 th6ng b6o

l*r6ng gi6i me dugc tin, relay khi nhfln <lugc

NACK n6 sE chuy6n ti6p tin. Phen hdi fun ch6

ndy tu trpm clich c6 th6 thpc hiQn theo tung ki
hiQu, nhu vfy sE cii thiQn hipu ndng so vdi
chuy6n ti6p c5 dinh hoac lga chgn.

Chuy6n ti6p c6 itinh vd lgc lga kh6ng c6

hiQu qui l6rn khi truyOn tin v6i t6c dQ cao do

qu6 frinh chuyen ti6p thyc phdi hiQn li€n tgc vd

nh6t li k:hi di6u ki€n k6nh truyAn tdt thi chuy6n

titip ld ltr6ng cAn thi6t. Khi d6 trpm dich s€ sri

dpng phuong thfrc t6 hgp ty s5 t5i da (MRC)

chc tinhi€u nh6n t4rc ti6p tu tr4m ngu6n vd c6c

tin hiQu nhin clugc qua tr4m chuy6n ti6p aC tai

Bo SNR cho d6n khi n6 c6 th6 giei ma thdnh

cOng tin.

Thlrc ra tr4m chuyi5n tiiip c6 th,3 xt li tin
hi€u thu dugc theo c6c c6ch khSc nhau vd tr4m

tlich srl dpng c6c phuong ph5p t6 hqp kh6c

nhau <16 c6 tlugc d0 lqi phAn t{p tuy theo c5c

giao thfc chuy6n ti6p, trong khi chuyi5n tit5p st
dpng giao thrlc AF s€ khutich ttai dn thi mQt

trgm tlich dtlrg c6ch tht chic chin ttii tta (ML)
sC iit htu dqng so vdi c6c lo4i giao thric kh6c,

dac biQt khi tram chuyiin tiiip nim gAn trem

ttich. Kii5u chuy6n ti6p su dpng giao thric AF
phAn t{p hqrp t5c it phric t4p hcrn niy cld cho

thAy c6 higu ning t6c d0 bit l5i (BER) tuong

tluong vdi ki€u chuy6n tii5p DF di5i vdi cac

k€nh Gauss ttQc lfp c6 <10 m6t m6t tuy6n nhu

trong [8]. Tuong tu, trong t7l de chi ra ring
dung lugng drmg hopt ttQng cria mQt hQ th5ng

chuyi5n ti6p phan tip hqp t6c g6m 2 budc c6

dirng c6c k&rh trUc tuyiin ld tuong thich trong 3

kich ban: kh6ng chuyiin ti6p, khu6ch ctai

chuydn tiiip vd md h6a chuytin ti6p phlr thuQc

vio ttQ tin cfy cria tuytin khdng ddy tt tr4m

ngudn tdi trem chuy6n ti6p.

Trong c6c kdnh fading chAm, fading dugc

gie thi6t li kh6ng d6i trong sut5t dO ddi cta khtii
tin, tr?c ld k€nh sE nhd c6c kh5i @lock) kdm

hon, vd dung lugng Shannon cria k€nh sE dugc

xnc dinh chinh xac c6 th6 dat toi dugc. Trong
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hAu htit mai tinh hu6ng thgc t6, k€nh ndy sE ld

non-ergodic vi dung lugng li mQt bii5n ngiu
nhi6n, do vfy s€ kh6ng c6 ttic dO truyAn ndo

d6ng tin cfy. Trong trudng hqp ndy, x6c su6t

dimg s€ dugc x6c tlinh b6ng x6c su6t khi dung

lugng ngAu nhi&r tuc thdi roi xu5ng du6i
ngudng cho tru6c, vi dung lugng tr€n x6c suAt

dirng hogt <lQng s6 h ph6p tlo hiQu nlng dga

tr6n lf thuyiSt th6ng tin t9l. D6 tinh to6n dung

luqng dung ndy, vi mfc clQ phirc t4p cria bdi

to6n phAn tich x6c suAt li€n quan n€n hiu h6t

cilc tilc gid phni viQn dtin dinh li max-flow min-
cut (ddng t5i da, <ti6m cit t6i *rieu; [8, 9] <16 tim
<lugc cfln tr6n cho dung lugng dimg cria k€nh

chuytin ti6p. ViQc phAn tich hiQu ning chinh x6c

c0a giao thirc AF r6t ph,ic tap vA mflt torin hgc

vi hAu h6t c6c tilc gi6il6u h6nh n6 bing cSch bd

qua dn cQng tinh tai tram chuy6n ti6p hogc dung

hitm min(u,v) ldm c4n tr€n udc luqng d6i vdi f!
le SNR truyAn giiia hai dAu cui5i cia mpng hofc
theo [7,9].

Ta bi6t r[ng trong nhi6u tmg dpng thyc tti,
k6 cd c6c m4ng c6m nh$n khdng ddy, c6ng su6t

truydn tin dugc h4n ch6 vd SNR thudng r6t ttrAp

do vfy hiQu n6ng cta c6c mgng chuy.in titip trd
n6n cdn thitit. Trong cn6 aO SNR th6p nhu vfy,
dung lugng Shannon thulng coi nhu bing zero

khi SNR c6 xu huong giem vA zero vi dung

luqng kh6ng cdn li mQt ph6p tlo hiiu ich nta.
Do vfy trong [8, 9], mQt c6ch do hqp ry hon

duqc ggi ld dung luqng dimg dugc dinh nghia

nhu li t5c d0 truyAn t5i Oa mn d5i voi n6 x6c

su6t dung sE kh6ng vuqt qu{e mQt gi6 tri ngu0ng

cho trudc. Mlt kh6c khi trpng th6i th6ng tin
k6nh (CS! kh6ng cho phdp a6 truyAn tin thi
viQc truyAn din ktr6ng thti dugc cho di c6

truyAn song c6ng (full-duplex) hay ltr6ng, do

vfly kh6ng thri ndng cao dugc tting dung lugng

Shannon cta ci mang.Nhu vfy trong bdi niy,
chung t6i tep tung vdo phuong thfc truydn tin
tlon c6ng (half-duplex). Trgng t6m nghi&r cr?u

cta bdi b5o ld tim ra c6c bitiu thr?c chinh xic
hon tinh x5c su6t dimg cfia giao thirc AF vd DF

so v6i c6c bi6u tht?c d5 duqc bi6t d6n.

PhAn cdn l4i cta bdi b6o ilugc ti5 ch&c nhu

sau: phAn 2 tinh bdy mO hinh m4ng k6nh tlu-o. c

gin dhh trong m4ng chuy6n ti6p phdn tap hsp

tac. PhAn 3 gioi thiQu dung lugng th6ng tin cria

k€nh hqp tac chuytin ti6p, tinh to6n ctQ lqi k€nh

vd dA xudt bi6u thric tinh todn x5c su6t dung cria

giao thtc AF. PhAn 4 dua ra bi6u thr?c t(nh to6n,^.,.x6c sudt dirng cho c6c giao thfc DF. Cudi cing
ld c6c t6t ruAn thu tlugc li6n quan ct6n c5c ki5t

qui tlugc tinh to6n.

2. MO hinh kGnh

Khi chuy6n tii5p ph6n tap hqp t6c (hinh 1),
r,l
<16 gi6m dnh hudng cia nhi6u, c6c k0nh chuy€n

ti6p ttuqc phdn t6ch, hoflc phAn tflp thdi gian

hoflc phAn t$p khdng gian nhd c6c anten <linh

hudng hoflc phdn tap tan s6 nho OFDM. Trong

bAi ndy chring tOi chi xem x6t trucrng hqp phAn

tdp thdi gian vi giA thii5t:

(i) C6c trpm chuy6n ti6p lim viEc d ctri5 A9

phin chia thoi gian (TD) theo 2 giai <lo4n: giai

<logn trgm chuyiSn tii5p thu vd giai ilo4n tr4m
, I ..4 X

chuyOn ti€p ph6t, mdi giai tlopn k6o dii trong

khodng thdi gianTl2.

(ii) C6c trym chuyi5n titip ldm viQc d cnti AO

don cdng, d6i xtmg, thdi gian ph6t bing thdi
gian nhfn.

(iii) Kh0ng c6 sU tuong quan gita tin hipu
L. , Iph6t tu ngu6n vdi tin hiQu ph6t tir trgm chuy6n

ti6p (ktr6ng tl6ng bQ), v6i Elx,[NJ x,[I,lJ']: 0 ilii
ttii tta hOa dung lugng th6ng tin k€nh.

(iv) M5i ban tin tu ngudn dugc md h6a

thanh N ki hiOu; m5i ti higu chii5m mOt <ton vi
thoi gian truyAn tin T/2 (l:hoang khe thoi gian

danh cho m5i Uan tin). Gi6 st ring n4m ngu6n
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4-i
Tom ngudn

vd trgm chuy6n ti6p truydn tryc giao voi nhau

t4i mdi nua cria c6c khe thdi gian voi hqn ch6

cdng suAt

ll ll
Tle't"l< P,'d 

7)).P^[n]< 
Pn'

Tran chuydn tlip

\, -btY,, i* tg

suy hao) k€nh fading kfiOng lgc lga tAn si5 gita
tr4m i vd ftgm 7 vi clugc m6 hinh h6a ld c6c
bi6n ngSu nhi€n phr?c Gauss, clQc lip, <t5i xung

vdng, tlQ lQch pii. Nhu vgy 
lftu I'nfra" b6 theo

hdm mfi vdi trung binh p,7. Luu y reng AWGN
t5c <lQng timg k€nh, vi dg tr3m dich khi nhfln tin
hiQu tu 2trqm nhu v4y c6 2 ngudn dn.

Trudmg hgp t6ng qu5t vdi md hinh fading
Rician, tuc ld tAm nhin thdng (LOS) vd c6 tinh
d6n t6n xa ngdu nhi€n thi:

Trong aO irnhdm ngiu nhi€n phrlc Gauss

voi trung binh zero vi phuong sai bing l.Tin
hi€u thu tlugc thay d6i mQt luqng

t$ t1t+ K1). Vcri k€nh Rayleigh fading, tham

s6 Rician K,i:0.

Cin cr? vdo biiiu thr?c (2), tin hiQu trgm
chuy,3n titip ph6t x; dugc t4o theo 2 c6ch: DF vd
AF. Trong khi d6 theo biiiu thric (l) thi tin hiQu

theo giao thric AF clugc khu6ch dai v6i h€ s6

d, tru6c khi dugc relay chuyi5n ti6p, do 116:

yf) = h,oa,,(,,| e!t' h,,,r[t' + n!l),) + nl') (3)

trong tl6 tham s6 trong d6u ngo{c tr6n chi giai
tlo4n truydn tin.

Nhu vfy, trpm clich nhfln dugc M+l bin sao

tin hipu tu tr4m ngu6n vd dirng phuong thtc t6
hqp ty sO t5i aa (MRC) dO nhan clugc tin hiQu

t6t ntr6t. Nhd co cn6 Oidu kni6n qu dQng hQ s6

khuiSch tlai (AGC), tr4m chuytin tii5p c6 c6ng
su6t ph6t nhu trong biiSu thric (2)rlit =a,,y|,,t,

ne s6 AO lsi chuyiSn ti6p tluqc x6c ctinh bing:

aJ- @)r--.r' 
\ r!'\ 1ti,, + oi,,

Tric ld chung ta giA thii5t trgm chuy6n tii5p

c6 thti u6c lugng mQt c6ch chinh x6c d0 lqi
kenh ftr,.

hs yd

\

-y- 
T6m dhh

Or

ha

Hinh l. Md hinh m4ng chuy6n tiiip phdn t6.p hgrp t6c.

Trong giai clopn n4m chuy6n ti6p thu, t4i
c6c thoi didm n :1,2, .., T/2, trpm nguiin ph6t
tin (N ki hiQu) tdi ci trpm ilich l6n tdi c6c tr4m
chuy6n ti6p (ph6t qudng b6) trong ci trudng
hqp AF 6n DF. Tin hieu nhin ilugc tai tram
dichy,avd trgm chuy6n ti6,p y,,c6 d4ng

y,ofnl= ,[P,6h,ox,fnf + n,ofn)

!,,,1n)= ffih,,,x,[n ]+ n,,,ln) 
(1)

Chi s6 i tuong img tr4m chuy€n ti6p thf f.

Giai ctopn tr4m chuy6n tii5p ph5t, tai c6c thoi
di6m n = T/2t1, T/2+2,... f ffi cA tr4m chuy6n
ti6p (c6 thii ci tram ngu6n) d6u grii tin higu diin
fram dich (cla truy cf,p). Tin hiQu thu <lugc t4i
h4m <lich tir trgm chuydn ti€p y,l vd tu trpm
ngudn y,7 c6 d4ng:

I *[n] = "[ffih,'+ [n] + n,ofnl

/,,ofn)= ,lP,[r1h,,ox,,fnf + n,olnf Q\

trong d6 x, /, il vd P ld c6c tin hiQu ph6t, tin
hiQu thu tuong quan, dn tring cQng tinh Gauss
(AWGI\D c6 trung binh zero, phuong sai o2 tric
ld n-N(O, o'; vd c6ng su6t ph6t trung binh <lugc

. /,,rI
chuAn h6a (tuc n E{xl'l= I ). C6c tham sii i,7

H s5 [€n k6t nrit r v6i n0t7, hijld, dO lqr (hay
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Nhu vfy tfn hiQu t6ng cQng nhgn tlugc d

tram <lich tai thoi tli6m T ld:

,yt =,{F!'t n,or!') * r!1' *i1a,,{F!D h,,h,o*!D1

MMe)i=l
+l{a,,hnon!],) *ln,,o

i=l i=l

Xdt trudng hqp don giAn M: l, t6 hqP vdi
(l) duoi dpng ma trfln:

(f'\-(l4n'"
lli') 1",.[1'n,,n"

Hay c6 d4ng Ya= AXs + BN

Trong d6 N-N(0, No) h vector 6n Gauss

phrlc, vdng d5i xung. Cht y li trong giai ttopn 2

cria bi6u thr?c (5) itd phAn biQt 16 6n chuy6n ti6p

- <lich vd dn ngudndich nhu ld 6n tai hai m6y

thu ttOc lfp vd do d6 B trd thenh ma trfln 2x3.

Chfng ta ilinh nghia SNR tuc thoi cria tin

hi€u nhfin tlugc:
r12
lh,'l P, t- 2

Tu =#=lhr| Tii,rwcN (6)'oi

O6 tfruAn ti9n, pfrir hqp voi nhidu bdi b6o vd

cht <t€ ndy [1-3, 8, 10], trong bdi b6o ndy chr:ng

t6i don gian st dvng ynnc*, c6 nghia h SNR

cta k&rh AWGN ltr6ng fading. Khi k6nh c6

fading Rayleigh, SNR tong biilu thr?c (6) ld
bi6n dQc lfp, ngiu nhi€n phdn b5 hdm mU

(exponential,) c6 trung binh tluqc gin dinh h:

ulP'i. = -, i' = F]/,twcN e)ttl 
o;

3. Xic suAt di-g m?ng chuy6n ti€p giao thnic

AF

3.1. DO lei khnh vri 
^SNR 

gifta hai ttiu cuiit

Theo hang thr? hai cria bi,5u thftc (5) AOi vOi

truong hgp chi c6 hai trgm chuyrSn tiiSp ngudn

tlich thi

Y,o = h*h*d,.[\',+n^

trong d6 n 

^ 
= h,oa,n r, * fl d

Gi6 tri ,SNR tt?c thdi tai tr4m clich cria tin

hiQu <tugc chuyiin ti€p c6 th6 nhf,n dugc khi

dtng a, tir bi6u thirc (4) ld

_ lsrlrd
7sr + lrd +l

(d)

, ,2 r. P-
trorrg d6 ". -v"t-3 .. -lh,al 

P,
--.---o- lsr= 2 , frd=----T-.

oir o rd

SNR t6ng cQng cria tin hi€u tluo. c MRC t4i

tram dich ld:

vv
/nr=/"aF@- = T,a*Tn (9)- fs,+Yil+l

lL'2-Trong d6 ,* =W+L la SNR cria tr4m tlich

thu tlugc tin higu # *r* t4rc tiiip ngudn-

dich vd

.*,,J[],]).(i ;,,i t,[fr] 
,,,

u-- /of,a -
' x y-+yr+l

ominl7o,/al (10)
lll

-+ -+-lo fa /*/a

cho SNRs trung binh vdr cao nhu tong 12,7 ,8f,
Trong truong hqp M-chuyi5n ti€p, SNR t6ng

cQng cria tin hi€u dugc MRC Bi tram ttich ld

t6ng cfia th cn c5c SNRs cta c6c tin hieu l6i

vdo b0 ti5 hgp, tuc ld SNR

MryryM
v.-=y,+l /t'ir''a =y,+ly-tAh- trd'/i/rr+yro*1 tsd Lr'1

3.2. Cdn trin xiip xi cila SNR gitia hai ctiu cuiii

Th6ng tin tuong hd giiia c6c d4i luqng theo

entropy [ 1] ld:

(u;v) = h(v) - ft(vlu) : ft(u) - ft(ulv)

Do enfropy ld s5 do <lQ kh6ng chic chin v6

mQt bi6n ng6u nhi6n, vQry h(ulv) ttugc coi ld d0
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lfidng chic chin v6i u sau khi elugc bitit v. Vi
thti thdng tin tuong h5 cria u vir v ld sy spt gi6m

dQ kh6ng chic chin vA z do da bi6t vd v. Nhu
vfy 16 rdng ld th6ng tin tuong h5 cria hai biain

dQc lfp se bdng zero. Chring ta s€ dtng thdng
tin tuong h5 gita c6c il4i lugng dO lqr k€nh ft,,
gita tr4m ngudin- chuy6n ti6p vd dO lqr kenh hd
gita frsm chuyiSn ti6p-dfch. Th6ng tin tuong h5

I(h,,lh,ithay d6i voi t5c <lQ th6ng tin /.

X5c xu6t dimg cria t5c d0 th6ng tin At5i vOi

mQt ti5c dQ ngu0ng cho tru6c R6 <lugc dinlr

nghia:

P,,(4)= P(I < &r) =l- P(I > &r) (r2)

NhiAu tAc giitde tinh t6c d0 th6ng tin nhu ld
t5c d0 t5i da khi sri dpng.SNR gita hai dAu cu5i
(tr4m ngudn vd tr4m tlich),

I = I 
1o gr(l+ y)M+l

Trong d6 M ld sti t4m chuy6n tiiip cdn y ld
SNR giiia hai dAu cu5i cria msng chuyiSn ti6p
phdn t{p hq'p tic. Vi th.5

P;' (R,) = Pr(/ I Tn = 2w+Dn't' -1)

Ho[c mQt c6ch tuong duong, khi ding p dQ

lqi kenh fading

1(M+l)Rn _
P/-'(SN&R ,r)=Pr(F l ltrn =#,

Yor a, frong (4), bi6u thr?c t6c tlO th6ng tin
khi cho I f4m chuy6n ti6p (M:1), giao thfrc AF
tlugc

x6c tlinh frong [10, 5l frd ttranh

r u = )bs,(r 
+ ln,l' sNn.. rfffi{*U".*y 

( I 3)

d Oay chfng ta ki higu SNR:PlNotheo c6c

lcr ty ttalic. DAt d0 lqi kenh fading tuc thoi cia
mpng chuy6n ti6p ph6n t$p giEa dAu cu6i- dAu

cui5i ld:

(14)

Itt",l' +lttrl'+ l/sNR

Th6ng tin tuong h5 tuc thdi t6i da cria mQt

mpng chuytin ti6p AF theo biiiu thfrc (13) vd
(14) ld

I
I * = llog ,(l +lh* l'srrrn ; (15)

Do l,ap trong bi6u thric (15) ld mQt hdm li€n
tgc, x6c xu6t dimg cria m4ng chuyi5n ti6p giao

thric AF tlugc x6c dinh boi

PH @,^) =Pr(lhnrl2 < p,^) (16)

R6t rO rang r6t kh6 c6 ituo. c ldi gi6i cho bi€u
thric (14) dA c6 ktit qui chinh x6c d5i vdi phAn

b6 th6ng kd cta ln*l' vir vi th6 hiQn nay theo

nhirng danh mpc tl6 dugc c6ng bi5, v6n chua c6

d4ng nghiQm g6n chinh x6c tinh x6c xu6t dimg
theo bi6u thric (14). tdt cd c6c nhd nghiOn cr?u

dAu bing ldng srl dlrng cEr tr€n xlip xi dtii vOi

SNR cria hai k€nh chuy6n tii5p cho m6i trudng
SNR cao vd trung binh, theo 12,3,7-91viet 4i
SNR tt bi6u thtc (14)

vv
r^ = /ffi< min{Y,,/a1 (17a)

fsrafrd-

ho{c tuong tluong

ln^l' =
ln,,f ln,of < min1lh,,l',lh,o1' I 

( I 7b)

lh,,l' +ltt,ol'+l/sNR

V6 mat to6n hgc, biilu thfc (14) hodn todn

c6 thti tinh ilugc dga fi€n ph0n bd th6ng kO dQ

lqi k€nh fading giiia hai <tAu cuSi vd tu cl6 c6

thii tinh dugc x5c xudt dimg trong bitiu thric
(14) theo c5c tti6u kipn kh6c nhau. Tuy nhi€n,

vdi c6c di6u kiQn SNR th6p hay fadinh sdu thi
c6c bi6u thric (l7a,b) x6p xi tr6n <l6y h thi6u
chinh x6c. Chrurg ta c6 thti chimg minh bing
c6ch vi6t lqi c6c bi6u thfrc (l7a,b)nhu sau:

It *l' =lnrl'* ln",l'ln,l'



N.Q. Tudn, D.T. Nguyen lTqp ch{ Khoahoc DHQGHN, KtoahgcTqt tthi€n od C6ng nglQ 28 (2012) 271-285 277

Tn=
I I y,, +l I y,o +l l(y,,y,o)

I

) (18a) vA

It'^l'=
t /lh,,l' + t tlh,ol' + t / (h,,1' ln,ol' slrn;

thi d5i v6i todn bO dai SNR" chtng ta dua ra

bi6u thfrc x6p xi nhu sau:

y^ 3min{y,,,7,a,/u/,a} (19a) tuong cluong

ltt ^l' =min 1 lr", l', I 

n,ol',lh,,l' ltt, I' slrnl 1 r su;

(b)

Hinh 2. ci6 tri dO lqi fading du kii5n cta k6nh hai
chuy6n tii5p (a) gdn tam ngudn vi

(b) gen tr4m tlich hon.

(18b)

Od ttri bi6u di6n k6t qui trong hinh 2 dp kitin

916 tri dO lqr Fading cria mpng chuytin tiiSp giao

thric AF vdi M:1. Trong tt6 cluong cong mAu

tl6 theo bi6u thrlc chinh x6c (l8b) voi cfln t6n
hign hAnh, xAp xi h6a biriu thrric (l7b) mAu xanh

da trdi vd duong cong mAu xanh 15 cAy xAp xi
h6a bi6u thric (l9b)

K6t qu6 trong hinh 2 cfing dd chi ra ring:
khi c6c d0 lqi k€nh nhd khi fading s6u, tftc ld p,
vd p,nhd (hinh 2a), d0 chinh x6c cia bir5u thric
x6p xi (19) ld r6t cao trong ci hai mi€n SNR

cao lAn SNR th6p. Cfing nhu vfly, khi v!tri ctia

npm chuy6n tit5p gAn vdi vitri tr4m ilich hon so

v6i trgm ngudn Ghi d6 tlQ ch€nh lQch giira p,
vd p,l6n - hinh 2b) thi bii5u thrlc x6p xi (19)

dugc tlua ra t5t hon khi khoang c6ch tr4m

chuy6n ti6p v6i tpm ngudn-dich ld tuong
ttuong v6i nhau. DiAu ndy c6 th6 duqc li gi6i
blng c6ch kitim tra dO lon tuong quan cria c6c

ilsi luqng duoi mdu s5 UiCu thirc (l8b) O5i vOi

c6c vitri hai h4m chuy6n ti6p.

3.3. Xdc xwit dirng dtm tr€n SNR giiis hoi ddu cu6i

3.3.1 Xdc xuiit ding dqra tr€n xdp xi cQn

tr €n mi n {lh,,l',lh,o1' Y

Trudc h6t, hdm cdf F(1t) dugc sri dpng dO

tinh x6c xu6t dimg Fut c:iua m4ng chuy6n tii5p

khdng d6y phdn t$p hqp tiic theo <tidu kiQn

fading ch4m kh6ng chgn lgc tAn sii AOi vOi mQt

nguong, R4 , dtrng cta t6c dQ th6ng tin cho

trudc dugc dinh nghia ld:

Pil'(SNR,R,r) =Pt{pu < p,n) = Frr(p,n)

trong d6 pn=12@a)n,, -tysNRvi M ld b0c

phAn t{p.

C6 hai c6ch xem x6t gi6i h4n cria cdf l<hi

Fn+o; mQt ld }*ri sNR lon tai mQt ngudng

dirng R4,, cho tru6c vd hai ld lfii cd hai SNR vd

R,r, ddu nh6. Trong truong hqtp thri hai, R11, nhd

vd chfing ta cldt €= Rtn, tusxg img vdi dung
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luqng dungq d mrice. Vi th6 gioi han cria cdf

V'hi p,1+Q trong ci hai tnrdmg hgp cho kdt qui
nhu nhau.

Do <10 lsi hai k6nh fading ld ttQc lfp v6i
nhau do tt6 him cdf cria lhxl2 c6 thti thu dugc

Fr^1Ut) = 1- Pr (lh.l' > p)Pr (lh,ol' , p) (20)

Chung tath6y rdng, biriu thrfc (19) cO thti d6

dang tinh ilugc cho fading Rayleigh

| .r t-"rl
F1n; (/) = I - exPt- /(8. ;)l

hay.p .( u\ =r - exo Ir-l1I QD- - lr^1'.r, - ---r 
I'M ,, )

vi th6

cdnl .(y\=dFr.(r) =J_."-rru,tuc ld c6 sg
" lh^|"" dy M , 

-

thay ttdi ngSu nhi&r phdn b6 hdm mfi v6i trung
blnh M,, tr.ong d6M,={l/p",+llp,o}-'. D0 lqi
k6nh fading gita hai dAu cu5i c6 th6 ctugc x6p
xi nhd cin tr€n cta n6 bing:

t, tz t, t2 l- 12 r- 'zl
lhnrl' =lhrl' * minlh,,l",lh"l" ] (22)

Nhu vf,y, cdf oua lhnrl' ttong bi6u thfc

Qi) c6 th€ nhfn <luo.c t;i ilrl 61n* tich chsp
cfia hai SNR

T

Pji @)= Ifr,"(x)f,^(p - x)dx
o 

, | -+ -t'I
1" 

"'-"" 
1

ud F,,-,,{t ) = @*rr1f*[' - " 
#;)- 

;(' - " 
r))

'*,-{*)=*r*.*>#i,h
P;f(sNn,Rn) = Fr^r(un)

3.3.2. Xdc xurit dtng dqa tr€n xdp xi cdn trAn mn1lh,,l' ,lh,ol' ,lt ,,l'lh,ol'SNR)

Theo [5]bi6uthric(17)cho Fp^1,(t4=l-Pr(|ft-l' > DPrllh,ol' > p)Pr(llt,,l'llt,ol' > pISNR)

Trong tt6 &(.r) ld hdm loai hai vd do lh*l' =lt,rl'{1n",1' ,1nnl' ,ln",l'lt ol'sNn1

trl5i tuong quan chfp cua t6ng hai bi6n ngdu nhi6n tlugc x6c tlinh bdi:

Fr*yot) = Ifv"r!)fro,(t'- r\fu

Q3)

Khi cho p-0, b[ng c6ch sri dung e-Ll - x + x212, chring ta c6 th6 chi ra r[ng bi6u tht?c (23) gi6ng
nhu bi6u thric

(24)

(2s)

(p-x)/SNR
FnPa

T. 
1* oo rlr_1, (r) = l-e
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X6c xu6t dung kti tt6 c6 th6 dugc tinh theo bi6u thtrc (24 .

3.3.4. Xdc xuiit dimg dtm tr€n cQn cut-set nay, lhi.c6c klnh vira li k€nh quing bA (BC)

Nhidu thc giirsri dpng lf thuyt5t thdng luqng theo chi61 xu6ng vi n6 ng ld k6nh da truy

tOi Oa Ai6m.it tOi *i6u;**-1io, ^in-'*t,;1i, 
cOp (MAC) theo chi€u I thi ttAy ld c6c k6nh

3l chAp nhfln cfln tr6n dung luqng cta hQ th6ng ft tloi hoAn todn phdn p' Khi tl6 c6c k€nh

.i.rv6n ti6p song c6ng hoin toni v6i nhidu l6i chuy6n ti6p n6i chung ld chuy,Sn titip AF vi thii

vao, ntriAu l6i r; (MIM6). Khi cl6 c6c tin hiQu chfng tdi sri dpng [1], trong trudmg hqP kh6ng

thu vi tin hiQu ph6t ddng thoi chiiim cirng khe c6 sg tuong quan gita h,, vd h,a vd c6ng su6t

thoi gian. Li dorl€ tinh cdn tron dung luqng ld oyt q. ngudn vd tt tr?m chuyi3n titip li nhu

tronjc6c hQ th5ng truyAn th6ng kh6ng day hiQn nhau thi can tr€n dung lugng li:

(t t I
c* = min 

i;log(t 
+(y*+r,,)),:log(l +(y" +r"Dl Q7)

.uu'* 
k€nh gita hai ttiu ""',i:,:i":,*lin:ruilii h:irlilfi/ ''' (28)

Cdn duoituong r?ng cia xic xu6t dimg trong di€u kiQn fading li:

4.{u0,,,)= t - r.lh,f * l4,l' ), p,, 
I 
p{h"J' +ln,)' ), p.l

=l- I {r,,rh -*"t\ t {r*"# -r,*-h! es)P"a-P,,t JP'a-Pat J

K6t qui trong bi6u thfc (29) c6 th€ nhfln duqc tu [5], tu d6 ta c6 bi6u thfc 30 duoi ttdy:

t\n,l' + min(1,,[', 
I 
n,l')lrr[-ir, fit,,;' * ll",l') \o,ol' *lo"l')l). t!n,ol'+ -i'' (1,.1',1 h.nl' ,lh,,l'1h.,;'sxn)

C6c cdng trinh de dugc c6ng bd tru6c cl6y

ddu su dgng phdp x6p xi bing min(u,v), dd cho

k6t qun c6c cfln hOn kh6ng khdng chinh x5c.

Trong hinh 2 fi€n el6y vd hinh 3a, hinh 3b duoi

tl6y kh6ng v€ bi6u di6n c6c k6t qui tuong img

v6i cfln cut-set do chring ta hodrn toin c6 th6

thAy ring, cfn cria bi6u thric (30) hodn todn

giSng v6i cln min(u,v). DiAu nAy cho th6y bi6u

thric (17) vd (25) chring ta dd xuAt c6 d0 chinh

x6c tong toan dai SNR t6t hon nhiAu so vdi c6c

d6 xuAt trudc d6.

w)or"u'
P*F,a )
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(b)
Hinh 3. Antr truong cria ti tin hiQu tr6n 6n AWGN

tdi x6c xuAt dimg cria mpng chuyOn tii5p
phdn tSp hgrp t6c khi sri dpng c6c cfln vd x6p xl.

C5c phAn tich th5ng ke vA tj le tin hiQu tr€n

6n (SNR) fading tuc thoi hopc ttQ lqi k€nh

tuong ung v6i 6n fading tuc thoi cria giao thrtc

chuyrin ti{ip AF clugc coi ld cgc ki phfc tap.

HAu htit c6c nghi€n cr?u hiQn c6 ph6 vd sg phdn

tich phtc tap bing c6ch b6 qua c6c 6nh hudng

cria AWGN sau d6 bing c6ch st dpng <fon giin
x6p xi tr€n rAng buQc min(u, v) ti,lC tin hieu

tr6n dn trong bitiu thr?c (17a) ho{c tuong cluong

v6i k€nh fading trong birSu thftc (17b).

Chung ta c6 th6 nhin ttr6y tu hinh 2 dd xu6t

x6p xi cta chring t6i bi rdng buQc tr€n (u, 4
zv.SNR) h t5t hon nhidu so vdi rdng buQc

min(u, v) cho toin b$ dai SNR, cho phdp chring

ta nghi€n cr?u anh huong cria AWGN vA triQu

ndng mpng, ttac biet li mpng nhpn thric radio vd

mgng cim nhpn kh6ng dAy cAn thilit SNns tlL6p.

Trong hinh 3(a, b), dO chfnh x6c cao cria k6t
qud dA xu6t bang c6ch srl dgng min(u, v,

ttvSNR) c6 x6c xuAt dirng ttr6p hon ld r6t thuy6t

phgc cho toanb0 phgm vi dai AWGN.

4.Xhc suAt di-g meng chuy6n ti6p giao thr?c
DF'

Voi chi phi ngdy cing giim vd nhd sg linh
ho4t gi6i md cria k! thuft s5, giao thric chuyi5n

ti6p DF tl6 ngdy cdng trd n€n ph6 bi6n hon vd
ila. I : '

dac bi€t 6n cia chuydn ti6p AF sE bi giao thric
DF loai b6.

4.1. Xdc xutit dimg chuyiin fiAp DF kh6ng d6i

. ThO+g tirntuong hd trung binh tdi da gita
l6i vdo tr4m clich vd hai tin hiQu l6i ra tr4m

t.r:.
ngu6n vd tr4m chuy€n ti€p c6 c6c tin hiQu phfc
ph6n b6 d6ng nh6t Gauss cta m4ng chuyiln tit5p

sri dsng giao thric DF vdimd l{p theo [3] ld:

(t r I
1r. = min jalog(l+7-),abg(l+y,o +y,r)l (31)

lzz.)

Dpi lugng dAu ti€n cria bi6u thr?c (31) x6c

ctinh t5c dO t6i cla mA tr4m chuytin tii5p c6 th€),\gidi md dti liQu ngu6n cdn tl4i luqng thft haixac
dinh t5c dO t6i cla md tr4m <lich c6 th6 giAi md

dt liQu md n6 dugc tr4m ngu6n cung c6p vd df
liQu thdng qua tr4m ph6t lap. Khi ddi h6i cd

A .,t .i
tr4m chuy€n ti€p l6n tr4m clich giAi md todn bQ

c6c tt m6 nhfn dugc tu tr4m ngudn khdng c6

l6i, ddi h6i ndy d4t dugc nho t5i thi6u h6a

th6ng lugng th6ng tin tuong h6 tll. Di€u ndy

h4n ch6 hiQu nlng cria DF kh6ng aOi tOi triQu
, A. Inang cua hen ket gliia tram nguon va trAm

chuyiin tii5p, tuc ld d0 lqi phAn tQp c6 th6 kh6ng

<l4t ctugc.

X6c xu6t dimg tuong ung bieu thr?c (31)

trong tti6u kiQn fading lA:

. l,- e \Pfiir(p,r) = Prllhrorl' < p,ol

= r -rr(F",;'' r, ) 
nr[(F",1' *ln)'), a*f

= ,-;tl,- , h"l,-;fr)-,,[,-, fl]lrrrr
LFil-pill\ / ( ))l
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-+ ( ( -r'\ / -r,'\lets- | l.+-1 rt,al t-" " l- p,oll-" " llFa-Fal \ ,/ t ))

Ki5t qui tai hang cu6i c,ing cria bi6u thrlc
(35) c6 th6 thu dugc tu phs lpc [13]. Chung ta

cfing c6 th6 chi ra ring, ktit qu6 cria c6c tAc gsn

trudc dAy [6] c6 th6 nhfn du-o. c tir vipc 6y x6p

xi bdc hai cua k6t quitrong bi€u thrlc (10), tuc ld:

,r^ ^[4!,<tdl= 
r l* | -ttu+p",

It,'n ) 2p,o lt,, 2p,alt,a 2prp-p,

4.3. Xdc xuiit ding cila chuyiin tiiip DF tdng
crdng (IR-DF)

Nhu dd chi ra tai phAn gi6i thieu, dung

lugng th6ng tin cta mpng chuyi5n ti6p khi sri

dpng giao thric DF tiing cudrng ld mQt biiSn ngdu

nhi€n php thuQc vdo si5 c6c kh5i con dt liQu

dang srl dpng d6 truydn tin. Dung lugng thdng

tin cria giao thfc ndy r6t kh6 xdc tlinh vA vi vfly

ktrOng c6 th6 x6c tlinh mQt c6ch don gian x6c

xu6t dimg cho chuytln ti6p IR-DF. Bdi vfy thay
vi chung ta tinh 4rc titip x6c xu6t dimg cho

chuy6n ti6p IR-DF theo dinh nghTa cria diAu

kiQn dung. HQ thdng dimg hodc khi c6c fien k6t
ngu6n-dich vd li€n ki5t tr4m ngudn-hpm chuy6n

ti6p dung ho{c li€n k6t trem nguiin-t4m chuy,3n

tiiip kn6ng dung (tuc ld c6 khd nlng DF),
nhrmg tich liiy SNR Qi dich cria tin hiQu tu tram

ngu6n vi c6c tr4m chuy6n titip kh6ng dri vuqt

916 hi ngudng dimg. Nhu vfy trong di€u kign
fading, x6c xu6t dimg cria mpng chuyiin tii5p

lfi6ng d6y giao thrlc IR-DF li:
l'. fl , \

Pi^"ioo (pn) = Pr (lftn_or l- 3 F,, ) =

v, (ln,ol" . pn)v, (p',,1' . p n) *

*r'(h,l' 
= r,,)n'[(11",l' +ln,,l'). pnf

K6t qui tai hang cu5i crurg cria bi6u thrlc
(32) c6 th6 thu dusc tir phs lpc [3].

Bdng c6ch 6p dqrng phuong ph6p x6p xi bfc
1 cho bitiu thtc e-'=l-l chring ta c6 th6 nh6n

tlugc
( o!;,(p,r1|_ t (33)Lin^-*|Ll=-_Ltrr,)p_

Y nghia quan trgng cria bi6u thric (33) ld d
ch6 n6 dd chi ra rang chuy6n ti6p srl dpng giao

thr?c DF kh6ng a6i ktrOng tlst <lusc d0 lqi phan

tAp, tu" h tai SNR cao, dudmg cong suy gi6m

x6c xu6t dung h I/SNR chf kh6ng phni h
1/SNR2. Nguy6n nhin li do n6 hoan toan php

thuQc vdo li€n k6t hpm ngudn-tnm chuy6n ti6p
d6 giei md hoan toan dt ligu ngudn nhu t16

dugc chi ra trong [12].

4.2. Xdc xudt dimg chuyiin tiiip DF I7c tg
(Selection DF)

Giao thfc chuy6n ti6p DF lgc llra sri dpng

khi ftem chuy6n ti6p kh6ng c6 th6 giii md dfi
liQu ngu6n, h li€n k6t tram ngudn-trpm

chuy6n ti6p ngung lgi, tr4m ngudn Ep lei viQc

ph6t lpi t€n li€n k6t tryc ti6p ngudndfch. Vi
th6 t5c itQ th6ng tin trung binh t5i da trong

trudrng hqp ndy h t5c dO md l[p. T5c t10 th6ng

tin cria mpng chuy6n ti6p DF lgc lya cO th6 bi6u

di6n nhu trong [6]
(t

, lt'ot(l+2v"r), /- 1/,t (34)
,_" =ll

lrlog(l+yr+y^), /*2/r,

X5c xuAt dung chuy6n ti6p DF lgc lga trong

didu kien fading ld:

PfiL@il= P'(1r,,'l' 3 rn)=

yr (zln,ol' . p,^\ y, (ln,,l' . p n)

+ Pr (h,l' ' o,, ) 
r. 

[(la, ol' +lr,,o1'\. ,^]

( p"\l l+,\
=lt-"-,"- llr-iE l*t l[ )
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( -a-\( -,,)
=ll-e ttu ll 1-s r- l+t ,/t ) Gt)

"-t | (. #) (. *)l+ - I p,all-e 'u l- p,oll-" '* llttsa-ttdl \ / t ))

K6t qun tai hang cuSi cimg cria biiSu thric
(37) c6 th6 tnu ilugc tir php lsc [13]. Chung ta

c0ng c6 th6 chi ra ring, k6t qui cria c6c tic giit
trudc ctAy [7] c6 ttt6 *,an tlugc tu viQc 6y x6p

xi b$c hai cria k6t qud trong biiSu thric (37), tuc

li:

n^^[4,,9,)l-r r* r -2pu+po (38)
pi ) F, lt* 2p"apd 2ptltolr,

4.4.Cdn duvi xdc xuiit dttng

Gi5ng nhu viQc stl dgrng li thuytit th6ng
luqng t6i da, di6m cit t5i thi6u chi ra trong mpc

3.4 vi trong [13], l*ri gita hai tlei lugng y,a, f,,
}*rOng c6 sy tuong quan vd c6ng su6t ph6t tu
tgm ngudn vd tir tram chuyrSn titip bing nhau

thi cfln tr€n dung lugng ld:
(t I I r

c. ='in ti 
lo e(t+ 0 

^+ 
7", )), j tog( l+ rr * + y *y| (39)

DO lqr k6nh giiia hai dAu cutSi dugc cit tai

c$n tuong img v6i bi6u thfc (39) ld
(b)

Hinh 4. X6c xuAt dirng cria giao thrlc chuy6n ti6p
IR-DF, SDF vd cfn dudi x6c su6t trong hai trucrng

hgp a) vdi (p.a, [r., p,a):(l, 2,3) vir
b) voi (p,a, [r*, p,6){3, 2, l).

lho,l' =min {@rl' +lh,,l'),1ln,l' +lnul')} raol

Cfln duoi tuong img x6c xu6t aung trong diAu kiQn fading ld:

P&lr(p,r)= 1-Prftft",l' *ln,,l'), u,r)vrfrt 
"o1' 

*ln,rl'), p,r)

=' -1, - *{,,| - t r)-, -(, - t r)}] l' *" {,,(, 
- t rl -,, 

[' 
- " 

* 
]] l

4 - # p.{,.(' - t r)-, "(' - t 
r)},"-," 

{,,,(, 
- " 

r)-,,(, - t r)} (4 I )
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K6t qui t4i hdng cutii cirng cria bitiu thric
(41) c6 th6 thuhuqc tu phu luc [3]. Chung ta

cfing c6 th6 chi ra ring, k6t qui cria c6c tAc giir

trudc tl6y [7] c6 ttt6 *an dugc tu viQc 6y x6p

xi bflc hai cria k6t quA trong bii5u thric (41), tuc

ld
( p", | -]Lim ^)rcsl\(tVl = lra + lt-

"-" L Pi ) Zu,o lt-lt,
Hinh 4 cho th6y x6c xu6t dung DF cfn duoi

ttrAp tron x6c xu6t dung DF lgc lga. Di6u ndy

tlugc gidi thich li thuy6t do ning luqng c6p mQt

c6ch li€n tpc cho DF cfln du6i trong kni d6 c6p

gian ttopn cho DF lgc lga khi md kOnh ngudn-

chuy6n ti6p bi dung. Hinh 4(a) tuong rlmg vdi
truong hqp tram chuy6n titip gAn t4m ngudn

hon cdn hinh 40) vdi tnrong hsp tram chuy6n

ti6p gAn trgm tlich hsn cho th6y 16 anh huong

cria khi nlng DF trong mgng chuy6n ti6p.

5. Kdt lu$n

Trong bii b6o ndy, chirng t6i da tim ra bi6u

thrlc tinh to6n c6c dO lqt k6nh vd x6c xuAt dimg

hQ th5ng cria mpng chuy6n ti6p kh6ng ddy phdn

tap hqp titc sri dgng c6c giao thric AF vd DF.

Mec dir c6c phdn tich th6ng te ve ti t9 tin
hiQu fi6n dn (SNR) fading tuc thoi hoic tlQ lqi
k€nh tuorg ung v6i 6n fading tfc thdi cria giao

thric chuyiin tiiip AF dugc coi li cuc ki phtc tap

vi c6c nghiOn cfiu tru6c d6 chi xem x6t x6c

xu6t dimg hQ thdng cria mpng chuy6n ti6p vdi
SNR ho[c r.it cao ho{c r6t th6p. Trong bdi b5o

ndy, chfng t6i de tinh to6n thinh c6ng vdi mQt

phan tich chinh x6c hon c6c tinh to6n tru6c d6

tong phpm vi ttAy dri cta todn b0 d6i SNR. X6c

su6t dung cria mgng chuy6n titip phdn tip hqp

tac st dpng giao thric chuy6n ti6p AF dd dugc

tinh to6n nhu ld mQt hdm cria c6c ngudng dimg,
pn , c:iua tlQ lqi k€nh fading giiia hai ttAu cu5i.

Uu tti€m cria phuong ph6p ding tham si5

ngudng ndy ld cd hai dni tiQm cfn, SNR lon vd

SNR nh6 vA c6 th6 nghi&r cl?u xdc su6t dimg

b6ng c6ch cho p6 ) 0.

Chtlrg t6i de xdy dpg thanh cdng bi6u
thr?c tinh chinh x5c cho x6c xu6t dimg hQ thdng

cta giao thric DF theo c6c ki6u chuydn ti6p
lh6c nhau. Hinh 4 cho th6y c6c tluong cong x6c

xu6t dimg nhu mQt hdm cria ngu0ng dimg p*
vOi hai ki6u chuy6n ti6p: DF lgc lya vd DF ting
cudng. C6c ttudrng cong x6c xu6t dtng cho DF
cO dintr kh6ng tlugc hiiSn thitrong hinh 4 bdi vi

916 tr! x6c xuAt dimg cria giao thrlc DF c5 dinh
l6n hon hai bdc so v6i c6c giao thirc DF lec lga
vd DF tlng culng. Hinh 4 cho th6y giao th(rc

DF lgc lya chi chuy6n ti6p thOng tin qua c6c

li€n ktit tarc ti6p ni5u tram chuy6n ti6p dung

(trong giai dopn truyAn chuy6n ti6p) c6 x6c su6t

dung DF lgc lga th6p hon (tuc ld tdt hon) hon

so vdi DF ting cudrng. Tuy nhi€n, so s6nh tlon
gidn ndy c6 th6 h kr6ng cOng bing vi dung

lugng thdng tin cia DF tiing cudrng ld mQt biiin
thtSng k€ vd clinh nghia cta Fn DF tiing cudng
lr:hdng c6 f nghla tuong tU nhu c:iua p6 a5i vOi

DF lgc lua. Higu nlng DF ting cudng c6 th6 t5t
hon tr€n co sd x6t vd tripu ndng b6ng thOng vd

c6ng su6t.

Bii b6o tl6 thUc hiQn mQt budc quan trgng

hudng tsi mQt gini ph6p tinh x6c suAt dimg cta
giao thric chuy6n ti6p phdn tdp hqp ti4c cia AF,
nhtmg nhiing th6ch thric cho nghiQm chinh x6c

v6n cdn dd tim ki6m dpng gAn dring a5i voi
bi€u thfc (25).

Liri cim om

Bii b6o ndy tlusc tai trg bdi dA tei QG
12.45 truong Dai hqc Cdng nghQ, Dai hqc Qu(5c
gia Hd NQi
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h the slow-fading environment, once a channel is in deep fade, message coding is no longer
effective in improving hansmission reliability, and cooperative diversity fiansmission has proved to
&amatically improve the performance of fransmission. The relay network with Ampliff-Forward (AF)
and Decode-Forward (DF) protocols using low-complexity cooperative diversity relaying protocols for
ease of potential implement'ation analyzing the capacity of relay networls is often based on the max-
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flow min-cut theorem providing an upper bound on ttle true capacity which is generally still unknown.
However, the statistical analysis of the fading end-to+nd 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+o-noise ratios (SNR).

Most cr.ment works circumvent the analytical complexity in AF protocol by frst ignoring the effect of
additive white Gaussian noise (AWGII) 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,tnSNR) 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) tmder Rayleigh fading conditions. Our analytical results are presanted in such a

way that they can be used for both asymptotic conditions.


