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KET LUAN VA HUGNG PHAT TRIEN CUA LUAN AN

Mot sb két qua dat dude ctia luan an
1. Phan tich pham chat, dé xuat phan bo cong suat toi uu cho mang chuyén
tiép AF-FDR khi c6 tin hiéu tryc tiép tit ngudn téi dich. Dé giam anh
huéng ctia RSI, dong thdi nang cao pham chat hé thong, luan an dé xuat
thuat toan va tinh toan phan bo cong suat t6i wu cho truyén thong FD.
Két qua cho thay pham chét he théng dugce cai thien dang ké so véi phan
b6 cong suat ngdu nhien.

2. Phan tich pham chat mang chuyén tiép DF-FDR mot chiéu qua kénh
pha-dinh Rayleigh kép. Luan an xem xét hé thong sat véi diéu kien the
té: nit nguon c6 thé cb dinh hodc di chuyén trong khi ntat chuyén tiép
va nit dich déu di chuyén. Thong qua cac biéu thitc giai tich, anh huéng
ctia khoang céch gitta cac ntt, he sé suy hao truyén dan va RSI da duge
phan tich cu thé.

3. Xay dyng mo hinh va phan tich pham chat mang chuyén tiép AF-FDR
mot chiéu va hai chiéu dudi &nh hudng ctia 161 phan citng qua kénh pha-
dinh Rayleigh. Céc biéu thiic phan tich duge tim ra va danh gia sy anh
huéng ctia 16i phan ciing dén pham chat hé théng trong sy so sanh véi he
théng c6 phan ciing 1y tuéng. Mat khéc, luan 4n dé xuat phan bd cong
suat t6i uu cho hé théng khao sat.

Huéng phat trién cia luan an

1. Phan tich hé théng truyén thong FD-V2V khi nit chuyén tiép FDR st
dung giao thitc AF, hay trong kich ban D2D.

2. Két hgp ky thuat FD v6i EH, xem xét anh huéng ctia 16i phan citng dén
kha nang thu thap ning lugng ctia thiét bi vo tuyén.

3. Két hop chuyén tiép FDR véi he théng NOMA, he thoéng sit dung diéu
ché khong gian.

4. Dé xuat cac bien phéap, thuat toan giam RSI va HI nhim nang cao pham
chat hé thong.
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1. Bong luc nghién ctu:

Cong nghiép vién thong dang trong giai doan biing nd vé cong nghe vo
tuyén, tao nén sy ra doi va phat trién nhanh chéng ciia céc thiét bi Internet
két ndi van vat (IoT: Internet of Things). Dong thdi, cac thiét bi vo tuyén dugc
nang cap ca phan cing va phan mém, dap ttng nhu cau ngay cang cao cla
nguoi sit dung khong chi trong lién lac thoai, dit lieu ma trong tat ci cac hoat
dong hang ngay nhu diéu khién thiét bi, nha thong minh, xe hoi hién dai. S6
lugng ngudi diing tang nhanh, nhu cau trao déi dit liéu 16n trong khi tai nguyén
phdé tan han ché doi hdi cdc nha nghién ctu, thiét ké mang vo tuyén tim céch
nang cao hiéu qua st dung phd tan.

Nhiéu giai phap kj thuat da duge dé xuat nghién citu va thit nghiém nhu
truyén thong & tan sb tng véi bude séng ¢ mi-li-mét (mmWave: millimeter
wave), MIMO ¢6 16n (massive MIMO), da truy nhap khong truc giao (NOMA:
Non-Orthogonal Multiple Access), truyén thong song cong trén ciing bang tan
(IBFD: In-Band Full-Duplex hodac FD: Full-Duplex). Trong nhing ky thuat
nay, truyeén thong FD ndi lén 1a mot giai phap hita hen cho mang vo6 tuyén 5G
va thé hé tiép theo bdi kha nang ting gap doi dung lugng va hieu qua sit dung
phd tan do thiét bi FD c6 thé thu, phat trén ciing mot tan sé va tai ciing mot
thoi diém.

V6i nhitng vu diém noi troi ctia ki thuat FD so véi ki thuat HD truyén
thong, truyén thong FD duge ting dung rong rai trong cac hé thong khac nhau,
chang han nhu: thu thap niang lugng (EH: Energy Harvesting), massive MIMO,
mang t& bao nhé (small cell), mmWave, trong quan sy, truyén thong thiét bi-
thiét bi (D2D: Device-to-Device), mang chuyén tiép, mang cuc bo (localization
network), vo tuyén nhan thitc (CR: Cognitive Radio), truyén thong hop téc
(Cooperative communications), hé thong van tai thong minh (ITS: Intelligent
Transportation Systems).

Vi vay, viéc nghién cttu va phat trién 1y thuyét cho mang chuyén tiép sit
dung ki thuat FD can tiép tuc dugc trién khai trong giai doan hién nay, dic
biét 1a trong bdi canh truyén thong FD dang 1a van dé c6 y nghia thoi sit v sé
dudc ap dung cho hé théng vo tuyén tuong lai. Do d6 dé tai “Nghién citu danh

gia v nang cao pham chit hé théng v6 tuyén chuyén tiép song cong trén ciing



bang tin” mang tinh cip thiét, c6 ¥ nghia khoa hoc cao va phit hgp vé6i xu thé
thoi dai. Két qua nghién citu sé bo sung thém 1y thuyét méi vé ki thuat FD va
nhitng tng dung ctia n6. Dong thai, d6 1 tai lieu tham khio quan trong trong
viec nghién citu, phét trién va trién khai hé théng FD trong thuec té.

2. Cac dong gop cua luan an:

1. Dé xudt moé hinh, danh gia va nang cao pham chat mang chuyén tiép
FDR mot chiéu trong truong hop phan cing hé thong 1a 1y tudng. V6i
truong hgp nay, luan an cé hai déng gép chinh nhu sau:

— Dé xuat mo hinh va phan tich pham chat mang chuyén tiép FDR mot
chiéu trong kich ban truyén thong hgp tac khi nut FDR st dung giao
thitc AF. Dé cai thien pham chat he théng, luan 4n dé xuédt phan bd
cong suat t6i wu cho nut chuyén tiép FDR. Két qua tinh toan cho thay
rang, véi cong suat t6i wu, pham chat hé théng duge cai thien dang ké
so v6i truong hop khong sit dung cong suat t6i wu.

— D& xuat mo6 hinh ting dung mang chuyén tiép FDR mot chiéu khi nit
chuyén tiép hoat dong & ché do DF trong truyén thong V2V. Trén cd s
mo hinh hé théng, luan 4n phan tich pham chat hé théng khi nit chuyén
tiép va nuat dich di chuyén, trong khi nit ngudn duge khéo sat véi hai
truong hop: ¢d dinh va di chuyén. Thong qua bién déi toan hoc, luan an
da tim ra biéu thiic chinh xéc vé xac suat dirng, xac suat 16i ky hieu cho
hai truong hop khao sat. Tt d6, danh gid duge Anh hudng ciia nhiéu yéu
t6 len pham chat he théng.

2. Dé xuit mo6 hinh, danh gi4 vA nang cao pham chit mang chuyén tiép
FDR mot chiéu va hai chiéu stt dung ki thuat AF trong truong hgp phan
ciing khong hoan hao (HI: Hardware Impairments) & tat ca cic nut trong
hé théng. Luan an tim ra biéu thitc vé xac suat ding, xac suét 16i ky hieu
ctia hé théng khao sat qua kénh pha-dinh Rayleigh. Dé nang cao pham
chat hé théng, gidm sy &nh hudng ciia HI va RSI, luan 4n tién hanh phan
bd cong suat toi wu cho hée théng nay. Bing cach sit dung phan bo cong
suat t6i wu, pham chat he théng duge cai thien so véi trudng hop phan
bd ngau nhién. Dac biét cho hé théng AF-FDR mot chiéu, phﬁm chat he
thdng tranh dugce san 16i khi st dung gia tri cong suat tbi vu.

3. B6 cuc luan an:
Luan 4n dugc t6 chitc nhu sau: Md dau; 3 chuong noi dung; Két luan va
huéng nghién cttu tuong lai; Phu luc va Danh muc cac cong trinh nghién citu.
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truyén dan tang lén (R = 3;4), h¢ thong v6i phan cing khong 1y tudng khong
thé dat t6i tiem can yéu cau ngay ca khi SNR du lén.

Hinh 3.7(b) minh hoa pham chat 16i ky hi¢u tai Sz, stt dung diéu ché BPSK
vOi k= 0.1, Q= —30 dB va A = 1/3 (tic 1a P, = P, = Pr). Trong d6, duong ly
thuyét thé hien két qua & biéu thitc (3.9). Ta thiy ring, khi SNR thap (dudi
10 dB) su sai khac gitta phan tich 1y thuyét va két qua mo phong 1a kha 16n.
Nhung & viing SNR cao (trén 10 dB) két qua tinh toan hoan toan dung véi két
qua mod phéng. Dong thai, véi SNR = 40 dB, hé thdng véi phan ciing khong 1y
tudng c6 SEP cao hon 10 lan so v6i hé théng 1y tudng.

3.3 Két luan chuong 3

HI luon ton tai trong thiét bi vo tuyén vi khong c6 thiét bi ndo 1a dadm bao
100% do chinh xac ctia cic linh kién v mach dién t trong toan bo thiét bi.
Dé danh gia pham chat mot hée théng vo tuyén, nhiéu yéu t6 khac nhau duge
khao sat, trong d6 HI 1a mot tham s6 quan trong. Trong thuc té, do tinh phic
tap tinh toan, HI thuong dugc bd qua trong cac nghién citu, dic biét 1a cho
truyén thong FDR.

Thong qua phan tich pham chat hé théng AF-FDR mot chiéu va hai chiéu,
luan an da dua ra céc biéu thiic chinh xéc, biéu thitc xap xi OP va gi tri tiem
can khi cong sudt phat di 16n. Mat khéac, biéu thic thong lugng va SEP da
dugc khao sat dé danh gia toan dién hé théng. Ti d6, luan an dé xudt phan
b cong suat t6i wu dé nang cao pham chat he théng. Két qua cho thay, pham
chat he théng dugce cai thien dang ké so véi phan bo cong suat ngiu nhien.
Dac biét v6i hé thong AF-FDR mot chiéu, phan bé cong suat toi wu gitap tranh
dugce san 16i § viing SNR cao.

Dong thoi, so v6i he théng 1y tudng, hé théng c6 HI c6 pham chat kém hon
nhiéu lan, nhat 1a trong truong hop hé s6 méo dang 16n. Bén canh do, so véi
he théng HD 1y tudng thi he théng FD khong 1y tudng c6 pham chat kém hon
nhiéu va sém dat t6i mitc bao hoa khi cong suat phat du 1én. Vi vay, ngoai viéc
thue hien t6t cac ki thuat dé triét nhiéu tu giao thoa cho truyén thong song
cong trén ciing bang tan, cac nha san xuat can thic hién t6t viec han ché phan
cing khong 1y tuéng nham lam giam tac dong t6i pham chat hé théng, tir do
tao tinh kha thi cho truyén thong song cong trén cting bang tan.
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a). OP tai Sy ctia hé thong khao sat. b). OP tai S, theo he s6 phan bé cong
suét.

Hinh 3.6: OP hé thong AF-FDR hai chiéu.

hé théng 1y tuéng. Chi ¥ ring, véi nhitng tham sé da chon, phan bo cong suat
toi wu c6 gia tri tir 0.25 dén 0.3 cho ci hé thong 1y tudng va khong ly tudng.
Hinh 3.6(b) thé hién x4c suat dimg tai S, theo hé s6 phan bd cong suat, véi
RST va HI khéc nhau. Khi ta tang mitc do HI (k tit 0.05 G truong hop 1 lén 0.1

& truong hgp 2), OP he thong khong ly tudng dat t6i bao hoa, do d6 khong c6
st khéc biet khi A thay déi. Tit d6 cho thay sy ding din ctia két qua phan tich
so v6i két qud khdo sat. Dong thai khi HI 16n, két hgp véi cong suat phat du
16m, c6 thé st dung phan bo cong suét ¢ dinh cho hé thong dé giam do phiic
tap.
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a). Thong lugng hé thong khao sat. b). SEP hé thong theo SNR.

Hinh 3.7: OP hé théong AF-FDR hai chiéu.

Hinh 3.7(a) cho thay, v6i téc do truyen dan thap (R = 2), 4nh hudng cia
phan cting khong 1y tuéng dén thong lugng khong dang ké. Nhung khi téc do
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Chuong 1

K¥ thuat truyen dan song cong trén cung bing tan

1.1 Tdng quan vé truyén dan song coéng trén ciing bang tan
Hau hét cac he thong thong tin hién hanh bao gom céac thiét bi dau cudi
hoat dong nhu cac may thu phat. Thong thuong, cac may thu phat nay hoat
dong & ché do ban song cong (HD) hoiic song cong khéc bang tan (phan chia
theo tan s6) hodc song cong khac thai gian (phan chia theo thai gian). Truyén
thong FD cho phép cac thiét bi dau cudi vo tuyén thu va phat dong thoi trén
cling mot biang tan va tai ciing mot thoi diém, tit d6 tao nén kha nang ting
gap doi hieu qua st dung phd tan.
1.2 Mot sé mo hinh thu phat FD
Hinh 1.1 1a ba cau triic c6 ban ctia hé thong FD khi so sanh véi hé thong
HD bao gdm cau tric chuyén tiép, cau tric 2 chidu va cau trac tram goc.

HD: HD: FD:
Khe thoi gian 1é Khe thoi gian chan Moi khe thoi gian
7 7\R 7 7\R FvT\R
Yy TYY Yy
s 7YY, D 7YY, D s \Ad D
9| &
(a) Chu triic chuyén tiép
HD: HD: FD:
Khe thoi gian 1¢ Khe thoi gian chan Moi khe thoi gian
A A | A e
YY vY vY
41 v | B

(b) Cau tric 2 chiéu

HD: HD:
Khe thoi gian 1¢ Khe thoi gian chan
-
7 7Y,
g
T

(c) Chu tric tram géc

Hinh 1.1: Ba vi du vé cau tric hé théng FD.



1.3 Cac bién phap triét nhiéu trong hé théng FD

Van dé séng con trong hé théng FD 13 phai loai bé dude nhiéu ty giao thoa
(SI) tit mach phét sang mach thu trén cing mot thiét bi. Nhiem vu dat ra la
thiét ké cac mach va thuat toan dé trit khit tin hieu SI nay. Hinh 1.2 1a cau
trac thiét bi dau cudi FD dung ang-ten riéng biét v6i nhiéu ang-ten phat va
nhiéu &ng-ten thu. Truong hop dung chung ang-ten thi thay mdi cip ang-ten
thu phat bang bo dan séng (circulator) roi gan véi dng-ten dung chung.

Thiét bj dau cudi IBFD

IHPA T I
bit trfyén é H

|
|
f
T
|
|
|
|
L Pibu khida triét ahibu :
L b, :
i) |
e,
i |
|
L

N chudi thu l

Tin hi¢u thu mong muon

Mién s Mién twong tu Mién truyén song

Hinh 1.2: Cau tric mot thiét bi dau cudi FD véi ang-ten thu phat rieng.

1.3.1 'Triét nhiéu mién truyén séng

Cong nghe triet nhiéu mién truyen séng (PDSIS: Propagation-Domain Self-
Interference Suppression) nham muc dich cach ly (isolation) dién tit truong ti
chudi phat sang chudi thu, tic 1a loai bé SI trude khi né di vao mach chudi
thu. Trong cac hé thdng &ng-ten rieng biet, PDSIS dugc thyc hién bang cach
két hgp cac bién phap suy hao dudng truyén, phan cic chéo va dng-ten dinh
huéng. Trong khi d6, cdc hé théng ang-ten dung chung thi st dung bo dan
song.

1.3.2 Triét nhiéu mién tuong tu

K§ thuat tri¢t nhidu mién tuong tu (ADSIC: Analog-circuit-Domain Self-
Interference Cancellation) nham khit SI trong phan mach tuong ty, truée mach
ADC. Viéc khit nay c6 thé thuc hien trude hodic sau mach déi tan xudng va
mach LNA. Hinh 1.2 cho thiy mot vi du vé ADSIC, trong dé6 tin hiéu phét
trén ang-ten phat duge dan, xit 1y dién tit trong mach tuong ty va trir di tin
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b. Xac suat 16i ky hiéu

Pinh Iy 3.5: Biéu thiic gan ding SEP cho hé théng chuyén tiép AF-FDR hai

chiéu c6 dang:
a/B ) [2m 27 orf [B8+2C2 +2d
2v2m BV B+2C:+2d 2d

B+2C:
_ 2A20xp (7%) As 27 erf B+ 2Cs
V(B +2Cs) B+2C,\ B+2C, 5d

2B2(f +2C:2 + d)exp(_w)
(B+2Cs — 2d)2V/d3

n 3Bs> 2w orf [B+2C2 —2d
(ﬁ +2C5 — 2d)2 ﬁ +2C5 — 2d 2d ’

SEPSQ ~

trong d6, erf 1a ham 16i (error function) duge xac dinh béi erf(z) = % [~ dt.
0

3.2.3 Phan b6 cong suat toi uu cho hé théng AF-FDR hai chiéu

Dinh ly 3.6: Phan bd cong suat t6i wu cho hé théng AF-FDR hai chidu dugc
xac dinh béi:

N —2dgr (1 - xd)(QrP + of) + VA 7 (31())
—4dR(1 — CL‘d)(QRP + 0'1%{) + 2d1(Q1P + 20’%)

v6i A = 2dydr (1 — 2d)(QrP + &) (W P + 20%).
3.2.4 Két quéa tinh toan s6 va thao luan

Hinh 3.6(a) minh hoa OP khi sit dung va khong stt dung phan b6 cong suét
t61 wu theo ti s6 tin/tap trung binh. Trén Hinh 3.6(a), dd thi biéu dién két
qué phan tich sit dung biéu thic (3.7) cho hé théng khong ly tudng, dudng
xap xi thé hién két qui & bidu thite (3.8), v6i HI 1a ki = ks = kg = 0.1, va RSI
Q= —30 dB. Hinh 3.6(a) cho thay mitc do 4nh hudng 16n ctia phan ciing khong
ly tuéng dén OP hé thong, dic biet 6 ving SNR cao (trén 30 dB). phan ciing
khong 1y tudng két hop véi RSI, lam cho OP sém dat miic bao hoa. Trong khi
dé, v6i phan cting 1y tudng, OP tiép tuc gidm khi ting SNR. Mat khac, phan bd
cong suat t6i uu cho do 1¢i dang ké so véi trusng hgp ngau nhién, dic biét cho
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Hinh 3.5: M6 hinh hé théng chuyén tiép AF-FDR hai chiéu v6i phan ciing
khong 1y tuéng.

3.2.2 Phan tich pham chat hé théng
a. Xac suat ding

— Biéu thiic chinh xac OP
Dinh 1y 3.4: Xac suat ding tai S; ctia hé thong AF-FDR hai chiéu dudi sy
anh hudng ctia ca HI va RSI dugce xéac dinh theo biéu thic sau:

T 1:2
pS2 — 1= 211+_69'C2dm exp (_ 1A—2.rd - U%W)?) vV M2E: (2\/ MQ) , w<1/d, (3 7)
out — .
1, x>1/d.
Véi
A, & Irdr n t2(Q2Pod2 + QlPldl)'B s 2Pstod'dr ., o d'QoPo—dW P
2= lel 91P192PR 2 lelpl’{ R lel ’
D, A Pot3did A todi (Prirdr + Patadz) a 1212
2 NP PE’ 2 NP P? T P QPR
M, L D2fL'3 i E2$2 Frx 1+ CQCL'.
: 1-2zd)3® (Q-—=zd)? 1—2d| 1—2ad

— Biéu thiic xip xi OP
Dé thu duge bidu thitc dang don gian hon ciia OP & (3.7), trong phan nay,
luan an dua ra biéu thitc xap xi OP trong trudng hgp cong suat phat du lén.

_ 1—xd Asx Box?
P327P o (7 — )
out 1+ Coz CP\TT " 2d (1 — zd)?

~ 1—exp (—(d + Cg)z) + Aszexp(—Cax) + Box® exp(d — Co)x. (38)
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hiéu qua ang-ten thu dé khit SI. Viec dan tin hieu phat t6i dng-ten phét theo
dudng gan nhat c6 thé mang lai nhiéu wu diém nhu han ché tap pha bo dao
dong khong 1y tudng, méo phi tuyén bo HPA. Tuong ti, viec bo tri diém SIC
gan ang-ten thu nhat c6 thé c6 wu diém han ché sit dung nhiéu mach phan
cing trong qua trinh x Iy tin hiéu véi dai dong cao.

1.3.3 Triét nhiéu mién sb

Muc dich ctia k§ thuat SIC mién s6 (DDSIC: Digital-Domain Self - Inter-
ference Cancellation) 1a loai b SI sau mach ADC béing cach ap dung céc ki
thuat DSP hién dai cho tin hiéu thu. Uu diém ciia viéc nay 1a sy xit 1y tinh vi
tuong doi dé trong thoi dai ngay nay. Chéng han khi chum tin hi¢u thu (noi
cac tin hiéu thu trén ting ang-ten dugc xac dinh thong qua do lgi thich tng
rieng ré trude khi duge két hop lai cing nhau) sé duge thyc hién trong mieén
tuong ty, nhung thiyc té thi thyc hién trong mién sé 1a phd bién hon, do sy
rang budc vé do phiic tap ctia mach va cong suat tieu thu.

1.4 Ky thuat chuyén tiép

Chuyén tiép 1a qua trinh st dung mot thiét bi trung gian dé truyén tin tir
méay phat dén may thu nhim mdé rong ving phii séng, ting cuong do tin cay,
nang cao toc do truyeén tin, khac phuc hién tuong che khuat, suy hao truyéen
dan. Dya theo tiéu chi ky thuat, tic 1a ki thuat xit 1 tai nit chuyén tiép thi
chuyén tiép duge phan thanh hai loai: gidi ma va chuyén tiép (DF: Decode-
and-Forward) va khuéch dai va chuyén tiép (AF: Amplify-and-Forward).

1.5 Cac tham s6 phan tich pham chat hé théng

Xac suat ding (OP: Outage Probability), thong lugng hé théng (system
throughput), xac suat 16i ky hieu (SEP: Symbol Error Probability) 1a nhing
tham s6 quan trong st dung cho danh gi4 pham chat he théng vo tuyén, lam
¢o sd cho nhitng noi dung tiép theo.

1.6 Két luan chuong 1

Chuong 1 trinh bay nhitng kién thitc chung vé truyén thong FD, mot s6 mo
hinh thu phat st dung thiét bi FD. Dong thai dé cap cac bien phap SIC cho
thiét bi FD nhim gidm anh hudng ciia SI dén pham chat hé théng. Bén canh
dé, nhitng van dé chung vé kj thuat chuyén tiép DF, AF ciing da duge phan
tich dé lam r6 hon hoat dong ciia nit chuyén tiép. Miit khac, mot s6 dinh nghia
va biéu thitc cho phan tich pham chat hé théng dude dé cap. D6 1a co sé dé
tinh toan, phan tich pham chat hé théng trong nhitng chuong tiép theo.



Chuong 2

Panh gia, nang cao pham chit mang chuyén tiép
FDR véi phan ciing 1y tuéng

2.1 Danh gia pham chit mang chuyén tiép FDR mot chiéu
trong trudng hop cé dudng lién lac truc tiép tir nit nguon
t6i niat dich

2.1.1 Mo hinh hé théng

Mo hinh hé théng chuyén tiép AF-FDR khi ¢6 dudng truc tiép duge minh

hoa trén Hinh 2.1. N1t nguon S phat tin hiéu t6i nat dich D qua hai tuyén: qua

nit chuyén tiép R va qua dudng tryc tiép tit S t6i D. Trong d6, S va D la nhing

thiét bi chi c6 mot ang-ten st dung cho phat hoac thu va hoat dong & ché do

HD. Trong khi d6, R ¢6 hai &ng-ten, mot sit dung cho thu va mot st dung cho

phat. Chu y ring, luan an xem xét trudng hgp R c6 hai ang-ten dé dam bao

qué trinh SIC hi¢u qué hon, trong thuc té, R c6 thé ding mot ang-ten chung

cho cé thu va phat.

(1) h Yp ()
SD R
I .2
S | X

D

Hinh 2.1: M6 hinh hé théng chuyén tiép AF-FDR khi c6 duong truc tiép.

Trén co s6 mo hinh hé théng, luan an xac dinh duge biéu thic tin hieu thu
tai nit chuyén tiép va niat dich. Tit d6, tim ra biéu thtc ti s6 tin hiéu trén tap
am cong nhiéu (SINR: Signal-to-Interference plus-Noise Ratio) lam co sd xac
dinh cac biéu thiic phan tich pham chat heé thong.
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b). SEP hé thong khéo sat.

Ti s6 tin/tap trung binh (SNR [dB])
a). Thong lugng he thong khéo sat.
Hinh 3.4: Thong lugng va SEP hé théng AF-FDR duéi syt 4&nh hudng ciia
HI va RSI.

rang thay rang, véi he thong truyeén dan toc do thap (R = 2), thong lugng dat
t6i dich khi ti s6 SNR khodng 25 dB. D6i v6i hé thong truyen dan toéc do cao
hon, thong lugng dat t6i dich R = 4 khi SNR = 40 dB va R = 5 khi SNR > 40 dB.
Hinh 3.4(b) minh hoa xac suat 16i ky hi¢u SEP ctia hé thong v6i nhitng gia tri
khac nhau ctia RSI, Qg = —10,—-30 dB,k; = kr = 0.1, stt dung diéu ché BPSK
két hgp véi sit dung va khong st dung phan bd cong suét téi wu. Trong hinh
nay, dudng ly thuyét thé hien két qua phan tich & bidu thitc (3.5) Dinh Iy 3.2.
Chi ¥ ring, sai sb giita két qua phan tich va mo phéng 1a rat nhé va c6 thé
b6 qua, diic biet 1a 6 viing SNR cao. RS rang rang, khi RST 16n (Qr = —10 dB),
pham chat SEP tién t6i san 16i (khoang SNR = 20 dB) khi khong sit dung cong
suat t6i vu. Khi RST nhé hon (Qr = —30 dB), san 16i SEP xuat hien muon hon
(khodng SNR = 35 dB). Vi vay, dé gidm do phitc tap cho hé théng truyén thong
FD, céc nha thiét ké vo tuyén cé thé sit dung cong suat phét tai ntat chuyén
tiép phit hop tiy thudc vao RSI duge do ludng va thit nghiém sau toan bo cac
ky thuat triét nhiéu SIC.
3.2 Danh gia pham chit mang chuyén tiép AF-FDR hai
chiéu trong trudng hop c6 HI va RSI

3.2.1 Mo hinh hé thong

Trén co s HI tich hgp da trinh bay trong phan trude, ta xay dung dudc
mo hinh hé théng chuyén tiép AF-FDR hai chiéu vé6i cd HI va RSI nhu trén
Hinh 3.5.
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Béi vi khi SNR > 40 dB, RSI anh huéng rat 16n dén pham chat hé théng, lam
cho OP tién téi khu virc bao hoa khi khong st dung phan bo cong suat téi wu.
Vi vay, khi cdc ki thuat hién hanh khong thé loai bo hoan toan SI gay nén
béi ché do FD, viec phan bd cong suat toi wu 1a vo ciing can thiét cho truyén
thong FD. Dong thoi, gia tri cong suat t6i wu c6 thé sit dung cho hé théng ly
tudng bang cach chon k; = kr = 0 trong biéu thitc (3.6).

o Toiwu(mp)
Téi wu (It)
O Khong tiwumpf | R — 5
—.=+-Khong t3i wu (It}if/ I
7

5@
b

Xic suéit dirng (OP)
Xic suit dirmg (OP)

0 0.05 0.1 0.}15 0.2 0.25 0.3

a). Anh hudng ciia HI len OP he théng 1), Anh hudng déng thoi ciia ci HI va
khi RST co6 dinh. RSI len OP hé théng.

Hinh 3.3: OP hé théng AF-FDR duéi sy 4nh hudng ctia HI va RSI.

Hinh 3.3 khao sat pham chat OP theo HI khi ¢6 dinh RSI (Hinh 3.3(a)) va
theo ca4 HI va RST (Hinh 3.3(b)). V6i he thong truyen dan toc do thap, (R = 2,3
bit/s/Hz) va hé s6 méo dang nhd, anh hudng ctia phan ciing khong 1y tudng
14 rat nho. Tuy nhién, khi té¢c do truyén dan tang lén (R = 4,5 bit/s/Hz), anh
hudng clia phan cing khong 1y tudng la dang ké ngay ca khi hé s6 méo dang
nhé (k = 0.1) (Hinh 3.3(a)). V6i Hinh 3.3(b), khi k£ = 0 vd Qr = 0, pham chat
hé théng khao sat trd thanh pham chéat he thong HD véi phan cing 1y tudng.
Trong trudong hgp nay, ta thu duge OP = ¢(0,0) = 3.10~*. Tuong tu, khi & # 0 v&
Qr = 0, hé thong khao sat tré thanh hé théng HD v6i HI. Trong trudng hop k = 0
va Qr # 0, hé thong khéo sat trd thanh he thong FD 1y tuéng. That bat ngo vi
anh hudng ctia HI 13 manh hon RSI dén pham chét OP hé thong (Hinh 3.3(b)).
Chéng han ta ¢6 ¢(0.02,0.1) = 0.0031 trong khi d6 ¢(0.1,0.02) = 0.0066. O day, ta
stt dung cong suat t6i wu tai nit chuyén tiép FDR, do vay, anh hudng ctia RSI
duge giam dang ké so véi &nh hudng ctia HI dén pham chat OP hé théng.

Hinh 3.4(a) so sdnh thong lugng hé thong ly tudng va khong 1y tudng si
dung cong suat t6i wu véi R = 2,4,5 bit/s/Hz; ki = kg = 0.1; Qr = —30 dB. Ro
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2.1.2 Phan tich pham chat hé théng
a. X4c suat dimg

Ap dung céc bude bién déi toan hoc, luan an dua ra biéu thic xéc suét
ding he thong AF-FDR thong qua Dinh 1y 2.1 sau day.

Pinh ly 2.1: Biéu thtic OP ctia hé théng truyén thong hgp tac AF-FDR st
dung G (ky hidu & Pou,) va G, (ky higu 1 Py, ) duge bidu dién lan lugt nhu
sau:

Pouty = Pr{yt <} = Pr{ysp + 7srp; < 2}

N
=1—exp(—bszx) — b%exp(fbfm) Z %\/1 — $2G(u), (2.1)
n=1

Pou, = Pr{yw <z} = Pr{ysp + vsrp, < 2}

{1 _avespChu) | byespava) ooy

~ ay—by by—ay
~

(2.2)

1 — byzexp(—ayr) — exp(—=byx), ay = by,

trong d6 N 1a tham s6 trd gia vé do phiic tap tinh toan, ¢, = COS(M),

2N
2 2 2 2 2 2 2
_ =z _ 9RSIT9R _ _%D _ %D _ 9RsITOR oD _ _%
U= 2(¢n +1), ar = Q1 Pg Q3Ps by = QsPs) W= TQO P Qo PR’ by = Q3Pg
Gu) = 2exp(—aru) | = TB% K, 2,] 7B (2.3)
u) = 2exp(—asu)y | ————=——- K1 —= . .
P 01 PsG2 0102 PsG?

b. X4c suat 16i ky hiéu
Biéu thtic SEP ciia hé théng AF-FDR dugc x4c dinh qua Dinh 1y 2.2 sau.

Dinh ly 2.2: Biéu thiic SEP ctia he théng hop tac AF-FDR véi hé s6 khuéch
dai ¢ dinh (SEP;) va hé s6 khuéch dai thay déi (SEP,) dugc cho béi:

=P [ e A (FEG] 2
SEP, = :i [\}f N ii (\/abl%v N \/sai%v)]’ av # by, 2.5)

2 T2 - By - )7 Ay = bV>
VB B2y \/(B+2ay)3
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trong do

M= Z V1= ¢2 exp (;L)W%W% %(%)» (2 6)
n=1
2(1+ o 14+ ¢n
X= %W:“f R (2.7)

va W 1la ham Whittaker.
2.1.3 Lua chon cong suat téi uu cho truyén thong FD

Dinh ly 2.3: Gi4 tri cong sudt toi wu tai nit chuyén tiép FDR dude cho béi:

Pi=p= 1/%5’3 (2.8)
2

2.1.4 Két qua tinh toan s6 va thio luan

Trong phan nay, luan an danh gia pham chat hé théng thong qua két qua
tinh toan sb, két hgp véi moé phéng Monte Carlo dé minh chitng sy ding dan
clia két qua phan tich. Do 1¢i trung binh kénh truyén Q; = Q, = 1 va cong suat
tap am o3 = 0% = 1. Tham s6 trd gid do phic tap tinh toan N = 20. Trong dé
t1 s6 tin/tap dudce dinh nghia 1a SNR = Ps/o%. Chu y rang khi khong sit dung
cong suat t6i wu, cong sudt tai nat chuyén tiép duge dat 1a Px = Ps. Khi sit
dung cong sut tbi wu, cong sudt tai nut chuyén tiép thay déi theo biéu thiic
t6i wu da xac dinh. Mit khéc, ky hiéu “opt” trén hinh biéu thi st dung cong
suat t6i uu tai niat chuyén tiép.

Hinh 2.2 m6 t4 xac suat ding hé thong khao sat theo SNR trung binh, sit
dung cac biéu thitc trong Dinh ly 2.1. Téc do truyén dan hé thong la R = 2
bit/s/Hz, tit d6 ta ¢6 x = 2% —1 = 3. Do khoang céch tit S t6i D 1a xa hon so véi
ti S t6i R hay tit R t6i D, nén do 1gi trung binh kénh truyén tit S t6i D duge
chon 1a Q3 = 0.1 nhé hon so véi Q1 v Q2 (21 = Q2 = 1). Ching toi khao sat cong
suat RSI véi nhitng gia tri khac nhau %KSI = —5,5,15,25 dB. Chu ¥ rang, trong
truong hop nay RSI ¢6 dinh khi SNR thay déi. Hinh 2.2 cho thay, khi hée théng
ton tai duong tric tiép, pham chéat he théng dudc cai thien dang ké. Ngoai ra,
OP khong dat dén san 15i véi cting mitc RSI ngudng khéo sat. Chéng han, khi
RSI 16n (%?fl =25 dB), OP hé théng tiép tuc gidm khi SNR tang. Chu ¥ réing,
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a). So sénh OP hé thong HI va 1y b). Do lgi khi st dung cong suat t6i uu.

tudng.

Hinh 3.2: OP hé théng AF-FDR véi HI.

3.1.4 Két quéa tinh toan s6 va thao luan

Hinh 3.2(a) minh hoa OP hé théng theo SNR trung binh véi hai toc do toi
thidu 1a ® = 2 vd ® = 5 bit/s/Hz. Do dé, mitc ngudng khéo sat cho OP tuong
tng la z =22 -1 =3 va z = 2° — 1 = 31. Trong d6, dudng thé hien két qua phan
tich stt dung biéu thic (3.3) trong Dinh ly 3.1, cac ky hi¢u (maker symbols)
thé hieén két qua mo phéng. D& thiy ring, véi toc do truyen dan thap (R = 2
bit/s/Hz), pham chét suy hao do phan ciing khong 1y tudng rat nhé va cé thé
b6 qua. Nhung khi truyén dan véi toc do cao (R =5 bit/s/Hz) thi phan pham
chat suy hao la rat 16n va khong thé bé qua. Dong thdi, do o&s; = QrPr, nén
khi cong suat phat tai nit chuyén tiép tang len, dan t6i lam tang RSI, tic 1a
khi SNR ting kéo theo RSI tang lén. Do vay, tity thudc vao tdc do truyén dan
dit lieu ctia hé théng dé liya chon cac thiét bi vo tuyén phit hop, nhim tranh
suy hao pham chét, dic biét cho hé théng truyén dan téc do cao. Ngoai ra, &
viing SNR cao, pham chit OP ciia ci hé théng 1y tudng va khong 1y tudng dat
dén bao hoa. Dé giai quyét van dé nay thi viec sit dung phan bd cong suat toi
wu 13 hét stic quan trong trong hé théng FD. Hinh 3.2(b) 1a pham chat OP clia
hé théng khong 1y tudng trong truong hgp sit dung va khong st dung cong suat
t61 uu tai nat chuyén tiép. Gia tri cong suét toéi wu dude xéc dinh theo biéu
thitc (3.6) trong khi d6 gia tri khong t6i wu st dung Pz = Pi. R& rang thay
rang, khi SNR thap hon 35 dB, do 1gi thu dudc ciia viec phan b cong suat toi
wu so v6i khong sit dung 1a khong dang ké. Nhung & viing SNR cao (trén 35 dB),
cong suat toi wu gitp OP hé théng gidm va tranh dude san 16i gay nén béi RSI.
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Hinh 3.1: M6 hinh hé théng chuyén tiép FDR mot chiéu v6i phan ciing
khong 1y tudng.

— Biéu thiic xap xi OP
Biéu thiic xap xi OP dudc xac dinh nhu sau:

_ Az Az

plap 1—e T-2d, z<1/d, ~ i, x<1/d, (3 4)

out ~ .
1, x >1/d, 1, x>1/d.

b. Xac suat 16i ky hiéu

Dinh 1y 3.2: Biéu thitc xap xi SEP ctia hé théng AF-FDR duéi 4nh huéng
cua HI va RSI dugce cho bdéi

~_BAL [T T exn(—
SEP~ 2 27r(C’1d)3{ (/€)= VCiexp(=C1)

2
+%[17erf(01 +1)], (35)

v6i Oy = £ — 15 erf(-) 1a ham 15i (error function) dugc xéc dinh bang biéu thic
f(z) = 2 [e Pt

erf(z) = {e

3.1.3 Phan bo cong suat toi wu cho hé théng AF-FDR mot chiéu

Dinh Iy 3.3: Gia tri cong suat toi wu tai nit chuyén tiép FDR dugce cho béi

bidu thic:
. M Pioidy
P = =2t 3.6
N QuOndr (3.6)
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a) Hé s6 khuéch dai c6 dinh. b) Hé s6 khuéch dai thay doi.

Hinh 2.2: Pham chét hé théng khéo sat theo SNR

két qua phan tich 1y thuyét 13 trung khép véi két qua mo phéng trong trudng
hop hé s6 khuéch dai c¢6 dinh. V6i trusng hop hé s6 khuéch dai thay doi, co
sai 86 nho gitta hai két qua nay, tuy nhién tai vimg SNR cao thi hoan toan phit
hgp. Mit khac, khi RSI nhd, chéng han LR — 5,5 dB, pham chat OP khi st
dung G, 1a t6t hon dang ké so véi truong hop st dung G. Tuy nhien, khi RSI
16n hon, ching han %2? = 15,25 dB, pham chat OP khi st dung G, va Gr la nhu
nhau.

10° Q
R

Xic suit dirng (OP)

+  Goddinh (md phong)
===-G cb dinh ( Iy rlmyé[

0 0 20 30 40
Ti s0 tin/tap trung binh (SNR [dB])

a) He s6 khuéch dai c6 dinh.

50

Xic suit dirng (OP)

o Gthayddi (md phong)

—— Grthay ddi (1 thuyé)
A Gihay ddi (mo phong, opt)

==~ G thay i 1y thuyé, opt)

3,

Tis tin/tap trung binh (SNR [dB])

b) Hé s6 khuéch dai thay doi.

- N
0 10 20 30 40 50

Hinh 2.3: OP hé théng khi RSI thay ddi theo cong suat phat

Hinh 2.3 cho thay OP hé théng AF-FDR trong truong hop RSI thay déi theo
cong suat phat tai nat chuyén tiép, véi Qs = 0.01 va Qr = —30,—10,0 dB. R6
rang rang, sy anh huéng ctia RSI tang theo cong suat phat béi vi okg = Qr Pr.
Vi thé, khi SNR trung binh ting, tic la cong suat phat Pr tai R tang, giy nén
gia tri o2 tang theo tuong tng. Ta thay rang khi Qs rat nhd, tic 14 duong
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true tiép tir S t6i D ¢6 thé bd qua, OP hé théng sé tién t6i san 161 & viing SNR
cao khi Px = Ps. Dé nang cao pham chat hé théng, tranh hién tugng san 16i,
luan an st dung phan bd cong suit t6i wu cho nit chuyén tiép. Hinh 2.3(b)
cho théy, trong truong hgp hé sé khuéch dai thay ddi, bang viec sit dung cong
suat t6i wu cho ché do FD, pham chat OP dudc cai thien dang ké. Mat khac,
khi RSI nhé, chdng han Qr = —30 dB, do lgi dat dugc khi sit dung gia tri cong
suat toi uu chtt yéu & viing SNR cao. Tuy nhién, khi RSI tré nén manh hon,
chéng han Qg = —10 dB, pham chat OP khi st dung gié tri cong suat tbi uu la
tot hon nhiéu so véi truong hgp khong st dung gia tri nay.

A Gobdinh (md phong)
==+ Gobdinh (iy thuyét)

(SEP)

——=- Gthayddi (Lthuyét, opt)
Q, =-10dB,
R, =001

Xic suét 18i ky higu (SEP)

Xae sufit 18i ky higu
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Ti s tin/tap trung binh (SNR [dB]) Ti s0 tin/tap trung binh (SNR [dB])

a) Cong suat phat nit FDR thay ddi b) Cong suat phat niat FDR ¢6 dinh
Pr = Ps khi khong t6i vu. Pr/o? = 25 dB khi khong t6i uu.

Hinh 2.4: SEP hé théng khao sat véi nhitng gia tri khac nhau cta Pg.

Hinh 2.4 bié¢u dién SEP ctia hé thong AF-FDR theo SNR trung binh tai nit
chuyén tiép, sit dung diéu ché BPSK (« = 1,8 = 2) v phan bd cong suat toi wu.
Dutng biéu dién SEP ly thuyét sit dung biéu thic (2.4) cho Gy va biéu thiic
(2.5) cho Gy. Chiing toi kho sat hai trudng hop cho do loi trung binh dudng
trye tiép va RSI véi Qr = —20 dB, Q3 = 0.1 v Qg = —10 dB, Q3 = 0.01. Ngoai ra,
SEP khi sit dung cong suit t6i wu (P theo biédu thitc (2.8)) duge so sanh véi
SEP khi khong sit dung cong suat t6i wu (Px = Ps) dé minh chitng vé hiéu qua
cia thuat todn phan bd cong suat dé xuat, dac biet 1a & ving SNR cao. Khi
xac suat 16i dich 1a SEP = 107* v6i Qr = —10 dB, Q3 = 0.01, SEP sit dung cong
suat toi wu c6 do lgi gan bang 12.5 dB so vé6i trudng hop khong st dung gia tri
nay. Khi RSI gidam xudng va do 1¢i kénh truyén tryc tiép tang len, ching han
Qr = —20 dB, Q3 = 0.1, st dung cong suat t6i wu chi 1gi hon khodng 5 dB khi
SEP = 10~%. Mat khéc, trong trudng hop cong suat phat nat chuyén tiép duge
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Chuong 3

Panh gia, nang cao pham chit mang chuyén tiép
FDR vé6i phan ciing khong 1y tudng
3.1 Danh gia pham chit mang chuyén tiép AF-FDR mot
chiéu trong truong hop c6 HI va RSI
3.1.1 Mo hinh hé thong
Xét mot he thong lien lac diém — diém v6i phan cing 1y tudng (goi tat 1a he
thong 1y tudng), trong d6 méi dau cudi ¢6 mot ang-ten dung cho thu va phat
tin hiéu & ché do HD, tin hiéu thu c¢6 dang sau:
y=hs + z, (3.1)

Trong hé théng vo tuyén thyc té, may thu phat luon chiu &nh huéng ctia phan
cting hé théng do 16i sdn xuét, dac biét 1a nhing thiét bi gia thanh thip nhu
nit chuyén tiép. Do vay, biéu thic tin hiéu thu cho hé théng véi phan ciing
khong 1y tudng c6 dang sau

y=h(s+n)+ 2 (3.2)

véi n biéu dién phan cting khong 1y tudéng téng hop & cad may phat va may thu,
n ~ CN(0,k*P). Trén co s6 d6, ta xay dung dugc mo hinh hé théng chuyén tiép
FDR mot chiéu vé6i ca HI va RSI nhu Hinh 3.1 sau day.

3.1.2 Phan tich pham chat hé théng

a. Xéc suat ding

— Biéu thiic chinh xac OP
Dinh Iy 3.1: Biéu thiic chinh xdc OP hé théng AF-FDR mot chiéu (ky hieu
la P}, ) dwdi &nh huéng ctia HI va RSI duge xac dinh nhu sau:

= By (z+22) B (‘LJrl)
o PR e RERD, <y (3.3)
1, x>1/d.

2
A A trdr o3di | A g tR
Trong do A, & o P + P ;B = 0. PR
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Xic suét 15i ky hi¢u (SEP)
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a) SEP khi diéu ché BPSK va 4-QAM.

Xac suéit 18i ky hi¢u (SEP)
=5

10

_Py/o*=50dB

0 10 20 30 40

Ti sb tin/tap trung binh (SNR [dB])

b) So sanh SEP khi Pr = Ps va

PR/O'2 =50 dB.

Hinh 2.7: SEP hé thong FD-V2V.

hop B gan nhut dat bao hoa tai SNR = 40 dB trong khi d6 SEP truong hop A
van tiép tuc gidm.

Cubi cung, Hinh 2.7(b) so sdnh SEP clia hé thong trong truong hop Pr = Ps
v6i truong hgp cong suat phat tai nit chuyén tiép duge ¢ dinh Pg /o = 50 dB.
Két qua cho thay ring, st dung cong suat phéat cao & nut chuyén tiép khong
phai 13 mot gidi phap tét dé nang cao pham chat hé théng FD-V2V. Béi vi
khi ting cong suat phat tai nit chuyén tiép FDR, dan dén viec tang RSI do
oks1 = QPr. V1 vay, dé nang cao pham chit hé thong FD-V2V, céc nha nghien
cttu va thiét ké mang vo tuyén can lga chon cong sudt phat phit hop & nut
chuyén tiép FDR nham gidm anh huéng ciia RSI dén pham chéat hé théng.
2.3 Két luan chuong 2

Chuong 2 phan tich pham chéit hé théng chuyén tiép FDR mot chiéu trong
truong hgp phan ciing hé théng 13 1y tudng. Trong d6, luan 4n tap trung phan
tich hai kich ban: khi c¢6 dudng lién lac tryc tiép va khi khong c6 duong lién lac
trie tiép. Trong kich ban tht nhat, pham chat hée théng AF-FDR duge danh
gi4d qua kénh pha-dinh Rayleigh. Ddng thdi, tac gia dé xuat phan bo cong suat
t6i wu cho nit chuyén tiép FDR nhim nang cao pham chit hé thong. Trong
kich ban tht hai, luan an phan tich pham chit mang chuyén tiép DF-FDR qua
kénh pha-dinh Rayleigh kép. Thong qua céc biéu thic giai tich vé xac suat
ditng, xac suat 161 ky hiéu, luan an da danh gia toan dién pham chat hé théng.
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Hinh 2.5: M6 hinh hé théng truyén thong FD-V2V.

¢6 dinh v6i Pr/od = 25 dB, khi SNR < 30 dB, SEP cho c& G; va G, ¢ Hinh 2.4(b)

14 xau hon so v6i ¢ Hinh 2.4(a). Tuy nhién, khi SNR > 30 dB, SEP ¢ Hinh 2.4(b)

tré nén té6t hon. Mat khac, déi v6i truong hop G, do 1¢i khi st dung cong suat

t6i wtu 14 khong nhiéu so véi khi khong st dung gia tri nay. Vi vay, khi trong hé

théng FD ton tai RSI 16n, viéc st dung cong suat phat tai nut FD phi hop 1

rat quan trong, nham cai thien pham chat hé théng, dong thoi tiét kiem ning

lugng.

2.2 Danh gia pham chit mang chuyén tiép FDR mot chiéu
trong truong hop khong cé duong lién lac truc tiép tir
nit nguon t6i nat dich

2.2.1 Mo hinh hé thong

M5 hinh hé théng truyén thong FD-V2V duge minh hoa trén Hinh 2.5. Tin
hiéu dugc truyén tit nit ngudn S t6i niat dich D thong qua nit chuyén tiép R.
Do ci ly xa va hién tugng che khuat, khong c6 dudng truyén tryc tiép tir S
t6i D, dong thai CSI 1a hoan hio cho tat ci cac nit trong hé théng. Dé khao
sat pham chat he thong sat véi didu kien thyc té, luan 4n xem xét hai trudng
hgp: i) kich ban pha-dinh thit nhat: S 1a tram c6 dinh (stationary) ching han
nhu tram goc (BS: Base Station) trong khi R va D la nhiing tram di dong
(truong hgp A). Do d6, kenh truyén tir S t6i R la kénh pha-dinh Rayleigh va
kénh truyén tit R t6i D 1a kénh pha-dinh Rayleigh kép; ii) kich ban pha-dinh
thit hai: tat ca cac nat 1a tram di dong, do d6 tat ci kénh truyén trong mang
la kénh pha-dinh Rayleigh kép.
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2.2.2 Phan tich pham chat hé théng
a. X4c suat dimg

Dinh ly 2.4: Xac suat ditng cia hé thong truyén thong FD-V2V duéi sy anh
huéng ciia RSI va kénh pha-dinh Rayleigh kép trong trusng hgp A (ky higu la
P2,) va truong hop B (ky hieu 1a P2,) dugce cho bdi:

Phy =1 — 2exp(—Xaz)VYaz K1 (2v/Yaz), (29)
PE. =1 —4v/XpYsa? K1 (2VXp2) K1 (2VY52), (2.10)
trong do
o= Bnlohsi +0%) 0 dhno® 0 XAy o0y
Q1 Ps ’ Qs PR’ Q' o ’

la do 1¢i trung binh ciia kénh truyén i, toan tit E biéu dién phép lay ky vong;
K1(.) 13 ham Bessel stta d6i bac 1 loai 2 (the first order modified Bessel function
of the second kind).

b. Xac suat 16i ky hiéu

SEP cho hé théng FD-V2V trong hai truong hop khio sat duge xic dinh
theo Dinh 1y 2.5 sau day.

Pinh ly 2.5: Biéu thitc SEP ciia hé thong truyén thong FD-V2V trong truong
hop A (ky hiéu la SEP4) va truong hop B (ky hidu 1a SEPg) duge xéc dinh nhu
sau:

SEPA = . (2.11)

3 1
/271' 5 5 Ya W Ya
11
2\/27r /XA+£ 2(Xa + ) 272 XAJrﬂ

SEPg

o Oé\/B 7 — _QXBYBlny
=V {\/> Z V1—¢2 =5

x K (21/—2)(21“3’)}(1 <2 —Zy‘zlnyﬂ, (2.12)

trong d6 T' va W lan lugt 1a ham Gamma va Whittaker; N 1a tham sb tra gia
vé do phic tap tinh toan; y = 1 + 1¢n; ¢n = cos(%).
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a) OP he thong theo SNR trung binh  b) Anh huéng ciia hé sb suy hao truyén
v6i nhitng khoadng cach khac nhau. dan dén OP.

Hinh 2.6: OP hé théng FD-V2V.

2.2.3 Két qua tinh toan s6 va thio luan

Hinh 2.6 minh hoa pham chat OP ctia h¢ thong FD-V2V theo ti s6 tin/tap
trung binh véi nhitng khodng cach va hé s6 suy hao truyén dan khéac nhau.
Hinh 2.6 cho thay ré rang rang, khi tat cd cac nit trong hé thong duge bo tri
¢b dinh (truong hgp truyén qua kénh pha-dinh Rayleigh), pham chat hé thong
t6t hon déang ké so v6i kich ban tat ci cdc nit déu di chuyén (truong hop B).
Ta thay ring, do lgi vé SNR clia trudng hop A 1a 5 dB tai OP = 1072 so véi
truong hop B. Ngoai ra, &nh hudng ctia RSI la manh hon & viing SNR cao. Khi
SNR > 35 dB, OP ctia hé thong khao sat gidm cham va dat t6i san 16i. Mt khac,
su suy giam pham chat hé théng qua kenh pha-dinh Rayleigh kép so véi truong
hgp truyén thong qua kénh pha-dinh Rayleigh trong két qua nay la hoan toan
phit hop vé6i nhitng két qua nghién citu trude day.

Hinh 2.7(a) cho thiy xac suat 16i ky hiéu SEP ctia hé thong truyén thong
FD-V2V theo SNR trung binh, st dung diéu ché BPSK (a = 1,8 = 2), va 4QAM
(a = 2,8 = 1). Trén Hinh 2.7(a), dudng biéu dién két qua 1y thuyét sit dung
bidu thic (2.11) va (2.12) & Dinh 1y 2.5 cho trudng hop A va B tuong ting,
V6i dsg = drp = 1, ¥ = 2 vA Q = —30 dB. Dé dang nhan thay rang, tai ving SNR
thap, pham chat SEP trong trudng hgp A va B khac nhau khong dang ké. Tuy
nhién, tai vilng SNR cao, st suy gidm pham chat thé hién qua SEP ctia trudng
hop B so véi trusng hgp A 1a rat 16 rang. Cu thé, khi SEP = 1072, do lgi vé
mit cong suat phat SNR clia trudng hop A so véi trudng hop B 1a khoang 5 dB
khi stt dung diéu ché BPSK va 10 dB cho 4QAM. Mit khac, SEP trong trusng
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