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‘ Toi vu thong lwgng mang chuyén tiép AF hai
chiéu voi phan cirng khong ly tuong cho truyén nang
lwgng vo tuyén

Throughput Optimization in Two-Way AF Relaying Networks
under Non-ideal Hardware for Wireless Energy Transfer

Abstract: In this paper, we investigate the
performance of energy harvesting enabled two-way
relaying network (TWRN) with amplify- and- forward
(AF) protocol. Particularly, this paper also determines
effect of hardware impairments on the outage
probability and the throughput. To evaluate harvested
energy efficiency, we propose energy harvesting
policies at relay node and destination node, namely
time switching imperfect relay (TSIR), time switching
imperfect source (TSIS). Finally, the numerical and
simulation results provide practical insights into the
impact of transmitted power, level of hardware
impairments and energy harvesting time factors on
the performance of energy enabled two-way relaying
network.

Keywords: time switching imperfect relay, time
switching imperfect source, energy harvesting, two-
way relaying network

I. GIOI THIEU

Gan day, khai niém truyén thong xanh di thu hut
cac nha nghién ctru, nhit 1a trong cac tng dung mang
truyén niang lugng vo tuyén [1]. Ngoai ra, ngudn ning
luong vo tuyén c6 thé thu nhan nho ning luong mat
troi, i, su chuyén dong hay mot vai hién tuong vat
Iy khac. Trong cac ngudn tin hiéu do, song RF thuc
hién truyén dan dong thoi thong tin va niang luong
dugc xem la ky thuat hira hen trong cac mang rang
budc ning lugng nhu mang cam bién khong day,
mang WLAN, thiét bi cim tay mang thong tin di
dong. Trudce ddy, cac nang lwong thu duoc qua tin sb
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v6 tuyén RF di ung dung trong céng nghé RFID. Vé
nguyén 1y, ning lugng thu qua dudng vo tuyén tao ra
dong dién DC cung cip cho cac khdi ngudn cua thiét
bi vo tuyén dit & nhitng vi tri khong thuan loi vé viéc
cung cap nguon dién, chang han nhu cac bo cam bién
vO tuyén dat trén duong, hay dat trén nii cao va cac
dia hinh xa x6i hiém tré khac. Nho thu nang luong vo
tuyén nay, cac thiét bi kéo dai thoi gian hoat dong,
dam bao sy thong sudt dich vu hay cac ung dung ma
thiét bi dang cung cap. Ngay trong mang thong tin di
dong phd bién hién nay, cac thiét bi dién thoai cim tay
tré nén nhanh chéng can kiét nguon pin khi sir dung
ngdy cang nhiéu hon cac ung dung da phuong tién.
Trong khi d6, nhd ap dung nguyén Iy mang chuyén
tiép (mang chuyén tiép), cac nut trung gian khuéch dai
tin hiéu va truyén tin hiéu dén dich giup mo rong ving
phu song, cai thién chat luong tin hiéu ¢ ving bién
cuia tram thu phat séng mang di dong hay cua thiét bi
phat song WiFi [2]. Két hop mang chuyén tiép nay véi
cong nghé truyén nang luong vo tuyén gitp cai thién
hiéu suit str dung va ting kha ning chia sé ning luong
trong cac phan tir cing mang ludi.

Dic biét, trong cac loai mang chuyén tiép c6 loai
mang st dung t6i wu bang thong truyén dan bang cach
truyén tin hiéu song hudng dong thoi, hay con goi la
mang chuyén tiép hai chieu TWRN (Two-way
relaying network). Nut chuyén tiép trung gian trong
mang TWRN duoc gia sir khong c6 ngudn dién cb
dinh ma ning lwong chu yéu duge thu qua tin hiéu RF
tir nut ngudn va dich trong tuyén két ndi cua nd. Diém
dac biét la cac nut trung gian giéi han vé ning luong
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nay c6 thé thu nang luong va phét thong tin dong thoi.

Gan day trong cong bd [3], cac tac gia da trinh bay
cach két hop tdi uu cong suat va cach thirc chon nut
trung gian giup cyc dai héa thong luwong cia mang
chuyén tiép dung giao thirc khuéch dai va chuyén tiép
AF (Amplify-and-Forward) voi viéc truyén ning
luong vo tuyén cip cho nut trung gian. Ngoai ra, trong
[4] cac tic gia phan tich mang vo tuyén nhan thic,
nguyén 1y chuyén tiép téi wu cho viéc cuc dai hoa
thong luong cua ngudi dung thir cip dugc cip ngudn
nho ning luong vo tuyén. Cac van dé& vé anh huong
téc do - nang lugng gitta dung lwong dung cuc dai va
ning luong thu duoc téi wu cua ngudi dung thu cip
duogc nghién ctru trong [5]. Pac biét hon trong [6], tac
gia trinh bay bai toan mang chuyén tiép co cac phan tir
thu ngudn nang lugng tir chinh tin hiéu nhidu dong
kénh. Tac gia trong bai bao nay ciing di dua ra biéu
thirc phén tich cho dung lugng dirng dua trén ham mat
d6 xac suét cua ti s tin hiéu trén nhiéu trén mdi chang
trong mang chuyén tiép. DBé so sanh wu/ nhuoc diém
cua hai giao thire AF va giao thuc giai ma va chuyén
tiép DF (Decode-and-Forward) trong mang chuyén
tiép truyén dan song cong va ban song céng duoc tinh
toan, phan tich qua viéc chia thoi gian thu tin hiéu tdi
wu. Bén canh do, cac giao thirc chuyén tiép dua trén
chuyén mach thoi gian TSR (time switching-based
relaying) va giao thtc chuyén tiép dua trén phan chia
cong suat PSR (power splitting-based relaying) ap
dung trong mang thu ning luong vo tuyén va xu 1y
thong tin trinh bay chi tiét trong [7].

Tuy nhién, trong phan Ién cac nghién ctru trudc
day [8-14], cac tac gia chi trinh bay cac mang chuyén
tiép dua trén gia thiét mang ding phan cing 1y tuong.
Trong hau hét cac thiét bi vo tuyén thuc té déu bi cac
anh huong suy giam do phan cing, nhu nhiéu pha,
mat can bang bo diéu ché vudng pha, khuéch dai cong
suét phi tuyén [15]. Theo khao sét clia tac gia, chua co
cong bd nao danh gia suy giam pham chat phan cang
trong mang chuyén tiép dung truyén ning lugng vo
tuyén. Céac yéu tb suy giam chat lugng phan ctng nay
thuong thay trong céc thiét bi vo tuyén gia thanh ré va
cu thé hon, suy giam nay s& lam anh huong dén viéc
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giam pham chat toan hé thong qua cac tham s6 nhu
dung luong, thong lugng va tbe do 16i ki tw SER
(symbol error rate). Trong bai bao nay, chiing t6i phan
tich chat lugng mang chuyén tiép hai chiéu dung giao
thac AF dudi anh huong suy giam pham chat phan
cing. Giao thirc AF dugc chon nhu 1a mang cé ntt
trung gian chi khuéch dai tin hiéu thu ma khong can
giai ma tin hi¢u.

Trong pham vi nghién ctu nay, bai bao trinh bay
giao thirc chuyén tiép dua trén chuyén mach thoi gian
TSR (Time Switching based Relay) dugc ap dung
trong hai truong hop cia suy giam pham chat phan
cung xét tai nut trung gian va nut dich va dugc goi la:
i) giao thuc chuyén mach thoi gian cho may thu nut
trung gian khong hoan hao TSIR (time switching
imperfect relay), ii) giao thic chuyén mach thoi gian
cho may thu nut dich khong hoan hao TSIS (time
switching imperfect source). Bai bao dua ra cong thuc
tinh gan dung cho ti 6 tin hiéu trén nhidu va méo tin
hiéu SNDR (signal to noise and distortion ratio).

Phan con lai cta bai béo trinh bay tin hiéu va mo
hinh hé théng mang chuyén tiép AF hai chiéu trong
Phan II. Cac biéu thic cho tinh gin dung cua ti sb
SNDR duoc chirng minh trong Phan 111. Ké tiép, Phan
IV dua ra cong thirc cho xéac suét ding va thong luong
tdi wu duoge tinh dua trén ham x4c suit cia SNDR da
phan tich. Cac két qua mo phong va bién luan duoc
néu ra trong Phan V va mot sé y thao luan cho két
luan trong phan cudi cung.

I. TIN HIEU VA MO HINH HE THONG
Bai bao nay xem xét mang chuyén tiép hai chiéu
véi cac mit mang dung don anten phat. Mang TWRN
bao gém 2 nut ngudn (A va B) khong c6 kha niang
truyén dan truc tiép ma chi thu va phat tin hiéu dén
dau xa thong qua nut trung gian (R). Nut trung gian
dung ning luong c6 duoc nhd thu duoc tir nut ngudn
dé khuéch dai va chuyén tiép tin hiéu dén nut dich.
Trong bai bao nay sir dung cac gia thiét nhu sau:
e Thong tin trang thai kénh CSI (channel state
information) dugc udc lwong hoan hao & phia thu
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nho s6 lugng bit nhé danh cho chudi huan luyén va

hiéu suat bang thong danh cho tin hiéu c6 ich thoa

mén yéu cau chat lugng mang vo tuyén.

e Gia sir rang chi ¢6 nat trung gian khong c6 ngudn
dién riéng va chi dung nang lugng thu qua séng RF
trong pha thi nhat cho viéc xi 1y thong tin trong
pha thir hai vi nat nay thuong dit noi thiéu diéu
kién vat chat vé nguon dién.

e Céic anh huong suy giam phan cimg co thé do
duoc, ki hiéu 1a 7,,7;6 nat nguén va dich tuong
ung.

e Cac kénh trong mang TWRN la kénh fading cham
va phang vé tan sb, cac hé sb kénh truyén 1a kénh
fading Rayleigh doc lap va cac kénh khong doi
trong thoi gian xét T .

Trong mo hinh tong quat cia cic hé thong vo
tuyén, tin hiéu thu ¢ nat trung gian va nat dich thuong
md ta bang biéu thirc sau

Ve (t)=hx (t)+vg (t)+ng(t), i=AB (1)
va

yi (t)=hx (t)+v, (t)+n,(t), i=AB (2
trong d6 h, 1a kénh truyén fading Rayleigh va n, 1a
nhidu Gaussian, t la chi s6 thoi gian, v, 1a méo tin
hiéu do suy giam pham chét phan cung trong cac thiét
bi thu phat vo tuyén. Bai bao nay danh gia anh huong
cua suy giam do phan cimg trén ca nut dich va nut
trung gian (goi 1a nat dich khong hoan hao, va nit
trung gian khong hoan hao). Ki hiéu h,,h; nhu 1a cac

hé sb kénh tir nit A dén nut trung gian R va nit B

dén nut R tuong Gmg va =, {|hi|2} la do lgi

kénh trung binh, hay h ~ CN(O,Qi), i=A B.Biéu

thirc sau trinh bay ham mat do6 xac suat PDF
(probability density function) va ham mat d¢ tich liy
CDF (cumulative density function) twong wng cua
kénh truyén fading Rayleigh phan bd theo ham mil
[16]
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1
f\hif (x):aie % x>0 (3)
F‘hi‘2 (x)=1-e ™, x=0 (4)

I11. CHINH SACH THU NANG LUQNG CHO
CAC NUT MANG CO PHAN CUNG
KHONG LY TUONG

I111.1. Giao thwc TSIR

Trong TSIR, nut trung gian dung mot phan khung
thoi gian tin hiéu cho viéc thu niang luong, phan
khung thoi gian con lai cho xt 1y thong tin. Khung
thoi gian tin hiéu dai T chia thanh 3 giai doan sau:

e Giai doan dau tién, aT danh cho nit trung gian
thu ning lwong tir cac nat ngudn, trong d6 o 1a hé
sb ti lé thoi gian. Mang chuyén tiép khong thu
ning luong vo tuyén twong ung Vvéi truong hop
a=0.

e Giai doan 2, (1-)T/2la thoi gian cho phat
thong tin tir nat ngudn dén nit trung gian.

e Giai doan sau cung thoi gian danh cho truyén
thong tin da khuéch dai tir nut trung gian dén nut
dichla (1-a)T/2.

Ki hiéu P,,P; tuong tng la cong Suit phat tir 2
nat nguén A, B. Ning lugng v6 tuyén thu qua song
RF s& tao ra dong dién DC dan dén sac cho acquy hay
khbi nguon cua thiét bi ¢ nit trung gian. Nguon ning
lugng thu duoc nay dugce tinh béng

E,=n ( Pa
trong d6 0 <7 <1 1a hiéu suat chuyén ddi ning luong

hA|2+PB|hB|2)aT1 (5)

phu thudc nguyén 1y mach nin dién va ciu tao mach

thu nang lugng. Vi thé, cong suit phat ¢ nat trung
gian sé 1a

E 2 2 277a

P=— 0 =(Ph +P, | )— 6

R (1-&)1—/2 A| A| B| B| 1—0! ( )

Trong TSIR, gia sir anh hudng suy giam pham chét

phan cing chi dién ra & nat trung gian, nén tin hiéu
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thu & niit trung gian c6 thé mé ta bang biéu thirc sau

= P, (1) +Pohgxg (t
(7)

Trong d6 h,,h; ki hi¢u la kénh fading Rayleigh
giita nat nguén A, B va nat trung gian twong tng, v
1a thanh phan méo tin hiéu do suy giam pham chat
phan cang trong thiét bi cia nat trung gian,

Ve~ ON (0,72 (u [+ Pu )
Tin hi€u sau khi thu dugc ¢ nut trung gian s€ dugc
khuéch dai voi do loi bién d6i 1a:
G?= ( )(1+r§)+02 (8)

Dua trén nguyén 1y mang TWRN, tin hiéu thu &
hai nit nguon lan luot 1a (dé cho don gian trong ki
hiéu tir phan nay tré vé sau ki hiéu thoi gian t duoc
luoc bo):

Ya :\/EhAG (\/ﬁhAxA +\6/§h8xB + Vg +nR)+nA

= P JBaG N[ X+ \[Pr [P huhs G, + ©)
+\/_Ghv +\/_Gh ng +N,,

FhG(\th +th +Vg +n) Ng
=\j§\/§6|h8| Xs + [P A[Pa 155X, +
Jr\/EGthR +\/EGthR +n;.

Boi vi mbi nut ngudn biét duoc tin hiéu phat cua

(10)

chinh n6 va nho c6 thong tin trang thai kénh truyén
(CSI) duoc udc lugng chinh xac nén tai bo thu nut
ngudn s& loai bé dugc thanh phan ty nhidu nhu

JPG|N|* X4, /PaG|he|* % trong (9), (20) twong
trng, gia sir mac nhiéu & cac nut mang twong duong
nhau va phuong sai nhidu bing o . Pang chu ¥ 1a tin
hiéu thu & méi nat ngudn trong mang TWRN c¢6 biéu
dién biéu thuc toan twong ty nhu nhau. Bé don gian,
trong bai bao nay chi trinh bay tinh toan SNDR ¢ nut
nguon A nhu sau

)+ Ve () +ne (1),
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P.P.G?|h,| ||
2 2 2
PG |af* (Palnaf” + Po e[ ) 72 +
+0°G?P, |hA|2 +o°
Trong trudng hop mang dung thiét bi phan cimg 1y

tuong & nut trung gian, SNDR sé& duoc biéu dién bang
[17]

Va= (11)

2 2
_ P.R,G?|h,|"|hs]
" o (RGh,[ +1)
Thay gia tri cia P, tir (5) vao (11), biéu thuc
SNDR duoc viét lai ¢ dang

(12)

Py [l |

(13)
|hA| (p I, +P, [y [ )TR+|hA| o+

l-«a
2 i 2 22
na P|h] +P;|hg|” 2na
Viéc tinh xéac suat ding bang cong thirc toan chinh
xac dya trén biéu thuc (13) rit phuc tap, nén dé don
gian trong tinh toan, bo qua thanh phan rat nho
4

4
l-a o

+o° (1+ z'é)

2 17 0 (kni SNR cao) nén bidu
P.|ha| + P, 2no
thirc gan dung dé biéu dién SNDR la:
}/* — I:)B|hA|2|hB|2
I (Rl + Pl )22+, o+
l-a
+o° (1+ Té)Zna
[ s 14)

P 2
72 P:|hA|4 +22|h, [ |he [ +‘F’)B|hA|2 +

l-«

2 2
+0°(1+7
( R ) 2Pna
111.2. Giao thac TSIS
Trong giao thirc TSIS, gia sir rang anh huéng suy
giam pham chat phan cang chi xay ra o thiét bi cia
nuat dich. Tin hiéu thu ¢ 2 nut dich twong tng luc nay
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duoc biéu dién nhu sau

Ya :ﬁhAG(ﬁhAxA+ﬁthB +nR)+

+V, +N, (15)
= [P PG [ %, + P PG +
+\/€GhAnR +V,+N,,
va
Ye :\ﬁhBG(\ﬁhAXA +ﬁhBXB +nR)+
+Vg +Ng 2 (16)
= JPu[PsGhs | Xg + [P ([P 1GX,, +
+\/EGthR +Vg +Ng,

V6i  V,,Vg la méo tin hiéu do suy giam pham chat
phan clmg gay ra trong cac nut dich A, B tuwong tng
va suy giam pham chat phan cing phan bd theo
2 2
VA~CN(QT§guh|),VB~CN(QT;guh|y
Luu ¥ rang trong TSIS, hé sé khuéch dai tin hiéu
thay doi nhu trong biéu thic (17):
G? =P, |h,[* + P, |ns[ +0? (17)
Tuwong tu TSIR, bai bao chi trinh bay cong thic

tinh SNDR & niit dich A trong mang v tuyén chuyén
tiép truyén dan hai chiéu nhu sau:

2 2
, - P.P,G?|h,|"|hs]
A P.G? |hA|2 o’ +P, |hA|2 2 +o°
Thay P, tir biéu thic (5) vao (18), cong thirc tinh
SNDR lai duoc biéu dién dudi dang:
2 2
- AN

* o+ P [t + Rt |hf e[ +

(18)

(19)

2 l1-a
+750° |h,| ++2—a2 +
na
4

o l-a
+ 2 29
Pu|ha| + Py || 2772
Hoan toan tuong tu cac phan tich & muc 1.1, cong
thirc gan dung cho SNDR dugc Viét lai nhu sau:
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. B I
g Ih,J* o2+ P22 | + P2 |h,| g +
+750° |hA|2 +1—7a02
2na
_ |hA|2|hB|2 (20)
o 2 4o e+
B

|2 l-a 2

2
O
+(1+T§)7|hA +2PBWO-

PB

IV. PHAN TiCH XAC SUAT DUNG VA
THONG LUQNG CUC PAI
IV.1. Xéc suit dirng

Trudc hét, bai bao trinh bay biéu thirc tinh xac suit
theo phén tich 1y thuyét qua bd dé 1 nhu bén dudi.

Bo dé 1: cho gia tri cac bién m,n,k 1a hang sb
duong, @, ®, 1a cac bién ngiu nhién khong am, A 1a
gid tri SNDR nguong va Q =E, {®} 1a do loi
trung binh, biéu thirc tinh xac suit dung s& duogc tinh
bing

Pr > s <A
Mo, + Moo, +Nw, +K
ni

—1_ ie_Qz(l—im) y
Q,

(21)

kA Q,0, (1-Am)
X
Q,(1-Am) Am(Q, -Q,)+Q,

& |2 ki Am(Q-Q,)+Q, |
Q,(1-am) QQ,(1-Am)
trong d6 K (.) ki hiéu Ia ham Bessel chuyén doi bac
1 loai 2.
Chizng minh: Xem phu luc
Ké tiép, viéc tinh xac suét cho cac ti s6 SNDR
trong giao thiac TSIR, TSIS chi ap dung bo dé bang

cach thay bién nhu sau
2

m=f§,n=a—,k:az(l+r§)1_—“  TSIR
P Pna
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2
m=fi,n:(1+ri)%,k: ),TSIS

o’(l-a

nPa
I1V.2. Thong lweng cuc dai

Trong nghién ciru nay, mo hinh truyén tin hiéu
trong mang TWRN 4p dung nguyén 1y truyén trd
gioi han (delay-limited transmission). Trong do6, tin
hiéu thu & nat dich can giai md tin hiéu thu theo
ting khéi tin hiéu mot va do dai tir ma nho hon thoi
gian khung tin hiéu truyén dan. Ngoai ra, toc do bit
tin hiéu phat tai cac nit nguén duogc xem 1a ¢ dinh.
Khi d6, biéu thuc tinh thong lugng hoan toan xac
dinh can cir trén gia tri xac suat dimg va SNDR vira
tinh dugc trong phan 111 cua bai bao nay.

cTs (1-a)T/2 y
T
X{[l_ Po:\t(MA):IMA"'[l_ Poﬁt(MB):IMB}
trong d6 C™ ki hiéu théng lugng chung cho ca 2 giao
thac TSIR va TSIS; PS>, P2

out? " out
M,,M, ki higu nhu 1a toc d6 bit c6 dinh & cac nut

(22)

la xac suat diung va

nguon A, B tuwong tng, va biéu thic tinh toc do bit
lan lugt 13 M, =log, (1+ 72), M; =log, (l+ }/;).

R& rang rang thong lugng C™ phu thude vao cac bién
a,P,ty,7,,0°, A. Gia st véi mdi h¢ théng TWRN
va ung dung cu thé, cac tham sé sau 1a xac dinh
P, 7., 74,07, A, khi do ta tinh dugc thong lugng cuc
dai dua trén Yiéc tim gia tri t6i wu cua hé sé thu niang
lugng vo tuyen.

V. KET QUA MO PHONG

Trong phan nay, bai bao trinh bay cac két qua mo
phong dé minh hoa cho cac 1y thuyét da phan tich &
trén qua mdé phong Monte-Carlo véi sb lan lap 1a
200000 lan, cac tham s quan trong duoc ap dung
chung phong  gom
P,=R,=P, o,=0y=0,=0=1 Q=Q,=1.

trong chuong trinh mo
Céac md phong nay ap dung cho cac hé théng vo tuyén
téc do cao A =2*—1 (hay 4 bits/ sir dung kénh). Lién
quan dén viéc thu niang luong vo tuyén, van dé hiéu
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suit sir dung niang luong thu dugc hay cac anh huong
nhidu suy giam do chuyén dbi tin hi¢u RF sang tin
hiéu bing tin co s Ndm ngoai pham vi phan tich ca
bai b4do nay. Do viy, trong bai bdo ndy c6 cac md
phong thiét lap gia tri hiéu suat chuyén doi nang lugng
1a 7=1 hay hiéu suat chuyén d6i ning luong thu vo
tuyén 1a 100%.

Pé biéu dién pham chat mang TWRN, cic mo
phong trong Hinh 1, Hinh 2 ng voi xac suat dirng
cho cac giao thirc TSIR, TSIS dudi anh hudng cua hé
s6 suy giam pham chat phan cing khac nhau va hé s6
ti 1¢ thoi gian thu ning lugng « =0.5. D& dang thiy
trong cac két qua mo phong, hé sb suy giam pham
chat phan cung tang thi chat luong hé thdng giam, dic
biét cang ting gia tri nay thi hé thong tién téi gisi han
dung (khi z, =0,15).

Trong md phong thong lugng cuc dai & Hinh 3, bai
P, =P2 =P .,R,=R,=Rcho don
gian trong tinh toan va thiét 1ap SNR trung binh nut
nguon P/o?=20dB. Diéu dic biét 1a hinh v& biéu
dién thong lwong cho ca TSIR, TSIS trung khit nhau
thé hién gia tri bang nhau, hay noi khac hon gia tri
thong luong khong phu thugc vao anh hudng suy
giam pham chat phan cang dién ra ¢ bat ky nat nao
trong mang TWRN. Piéu nay duoc giai thich 1a khi ¢
dinh bién cong suat phat P , cac tham sb quan trong
lién quan dén ham mii trong (21) m,n chi thay doi
nho khi so sanh TSIR va TSIS, nén anh huong dén
cong thirc tinh x4c suit dimg thay ddi nho va din dén
thong lugng 2 loai TSIR, TSIS bing nhau. Hon nira,
ta thiy thong luong ting khi thay doi o tir gid tri 0

bao gid s

dén gia tri t6i wu. Didu nay dugc giai thich 1a khi ting
gia tri hé s6 thoi gian thu ning lwong nho anh husng
ting cong suit thu ning lwong tai nat trung gian va
lam tidng thong lugng, nhung khi gia tri « vuot qua
ngudng t6i wu thi ta thu higu s6 (l—a)trong cong

thac sau giam va lam giam thong luong.

C(Mo) = (1_a) Mo[l_ Pt (Mo)] (23)
M, ki hiéu nhu 14 toc d bit ¢6 dinh
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VI. KET LUAN

Bai bdo nay di chung minh biéu thirc tinh gan
dung cho SNDR 4p dung trong mang chuyén tiép AF
hai chiéu va tir d6 tinh dugc biéu thirc xac suét dung.
Ngoai ra, bai bao di dé xut hai giao thic thu ning
lugng va truyén thong tin dong thoi qua mang vo
tuyén, cu thé hon bai bao da phan tich hai chinh sach
thu niang lugng vo tuyén phu thudc tiy vao cac truong
hop suy giam pham chat phan cang xay ra ¢ niit mang
nao trong hé thdng TWRN.

Céc két qua mo phong cho thiy c6 thé chon hé sé
thu ning luong phu hop dé co thong luong cuc dai
cho ca hai giao thac da trinh bay TSIR, TSIS. Dong
g6p dang ké khéc ctia bai bdo 1a danh gia anh huéng
cua thong sb suy giam phan cimg dén xac suit dung
va thong luong nhu thé nao trong mang ¢ nut chuyén
tiép trang bi kha ning thu ning luong vo tuyén. Pay la
co so dé cac ki su thiét ké mang lua chon cac thiét bi
pham chét dat yéu cau phiam chit nhat dinh dé dam
bao chat lugng dich vu trong cac tng dung téc do cao
cua cac hé thong vo tuyén thuc tién.

PHU LUC
Chitng minh Bé deé 1:

Xét 2 bién ngau nhién doc lap @, W,, dung qui luat
tinh tong xac suét ¢ diéu kién dua trén w, i=12.

Gi4 st ta tinh x4c suét c6 diéu kién cho @, , khi d6 biéu

thic tinh x4c suét nhu sau:

XéPr( G 3,1]
M, + M@, +Na, +K (A1)
zl—jPr 5 G, > e, |f,, (x)dx
s\ M@ +Mao, +no, +k *
Tiép tuc tinh riéng xac suit co diéu kién sau:
Pr| ———2% > Ao,
Mo, + Moo, + Na, +K
l(ma)12+na)l+k) ,1<£ (A-2)
1-F
W, ! m
= w,(1-Am)
1
> —
0, Az
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Thay thé (A.2) va ap dung cic ham phan bd xac suit
trong (2), (3) vao (A.1), biéu thtc trong (A.1) duoc viét lai
la

1 A(mx2+nx+k) «

e “dx

|:l—'Te Q, x(1-Am) i
0 1

ni
Q,(1-Am)

1 - _[ im_ 1 ]x— i1
=1-—=¢ e Q,(1-Am) O Qz(l—im)xdx
Ql

O 8

(A.3)
Cubi cung 4p dung cong thirc tinh tich phan (3.324.1)

T 4 /(p N
trong [18] exp(—— —QdeX ==K (go@) , sau vai
! 4x 7

bién d6i dai s6 don gian ta dat duoc cong thirc nhur (21).
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