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MO PAU

Cong nghé vo tuyén nhén thie (cognitive radio - CR) ra doi gitip cai thién
hiéu suét sir dung phd tdn bai nd cho phép cac dich vu vo tuyén cé thé sir dung
chung dai phd. Bén canh v6 tuyén nhan thirc, truyén thong da ching cho phép
hé¢ théng mé rong ving phii song ciing nhu cai thién chét lugng tin hidu trong
ving phu séng d6. Tuy nhién, nhuoc diém cia truyén théng da chiang 1a hiéu
sudt str dung pho tan thap. Dé giai quyét vin dé nay, cong nghé vo tuyén nhan
thirc 14 mot sy lwa chon tot nhéat. Phuong thirc truyén dang nén c6 vu diém 1a
cho phép mang so cdp va mang thir cp c6 thé dong thoi truyén nhan dir liéu
mién 14 can nhidu ctia mang tht cip khong duge 16n hon mirc chiu dung cua
may thu so cAp. Dé thuc hién didu nay, may phat thir cip thuong phai diéu
chinh céng sudt phu thudc vao do loi kénh truyén can nhidu tir may phat thi
cap dén may thu so cAp dan dén ving phu song clia mang thir cip thuong gidi
han va viéc dam bao chét luong dich vu QoS cua hé théng thir céip 12 mot van
dé thir thach.

Luan an dinh huéng giai quyét bai toan ning cao hiéu ning ciia mang thir
cap trong khi vin dam bao mirc can nhidu cho mang so cdp bang cach sir dung
cac ky thuét tién tién ¢ 16p vat Iy nhu: truyén chuyén tiép, truyén hop tac,
truyén thich nghi va ma hoa khong gian.

MUC TIEU, POI TUQONG VA PHAM VI NGHIEN CUU

Muc tiéu nghién ciru:

Xay dyng cac mo hinh mang truyén thong két hop va chuyén tiép hiéu qua
cho mang thir cap: dam bao QoS va mé rong ving phu séng. Dé xuét cac
phuong phap méi cho phép phén tich hidu ning ctia cac md hinh mang dé xuét.

Ap dung cac k¥ thuat cai thién hidu ning ¢ 16p vat ly: ma khong gian thoi
gian, truyén thich nghi dé cai thién hiéu ning ctia mang thir cdp trong khi van
dam bao thong tin ciia mang so cip.

Poi twong nghién ciru

Cac ky thuat két hop: selection combining va maximal-ratio combining;

Cac k¥ thuat truyén thich nghi giam anh hudng can nhiéu 1én hé thng so cap;

Kénh truyén fading: Rayleigh; Cac mé hinh truyén thong hop tac: truyén
lwa chon, truyén lap lai, truyén gia tang;

Céc giao thic xir 1y tin hiéu tai nat chuyén tiép: amplify-and-forward,
decode-and-forward, va coded cooperation;

Céc ky thuat chon niit chuyén tiép trong mang truyén thong hop tac;

K thuat truyén da chang sir dung cong nghé MIMO.



Pham vi nghién cuu:

Théng tin v6 tuyén, mang truyén thong két hop va ky thuat vo tuyén nhan thic.
Nhiém vu nghién ctru

Dé nang cao hiéu ning, mé rong ving phu séng va chat luong dich vu QoS
ciia mang thir cdp (Mang Cognitive radio) ma khéng anh hudng dén chat
lugng cia mang so cép; NCS phai thyc hién cac nhiém vu sau:

Mot 1a dé xuat mo hinh truyén thong két hop sir dung nhidu ndt chuyén
tiép, nhung chon nit chuyén tiép AF tt nhat dang nén. Trong d6 xem xét
trong cac diéu kién sau:

* Xem xét dén kénh can nhiéu tir nit ngudn va nat chuyén tiép dén nut
thu so cip

* Xem xét trén kénh truyén Pha dinh rayleigh doc lap, khéng déng nhat

* Xem xét dén kénh truyén truc tiép tir ngudn dén dich va ki thuat két
hop tai nut dich.

Hai & d& xuit mo hinh chuyén tiép da ching tién hanh t&i wu vi tri nat
chuyén tiép DF dang nén. Trong d6 xem xét trong cac diéu kién sau:

* Xem xét cong suét chju dung can nhidu tbi da cta may thu so cip
* Xem xét cong suét phat tdi da cua may phat tht cip

Ba la (ng dung ma hoa khong gian thoi gian Alamouti vao trong mang vo
tuyén nhan thtrc dang nén trong truong hop mét ching va nhidu chiang. Trong
d6 xem xét trong céac diéu kién sau:

* Xem xét cong suét chiu dung can nhidu t6i da cia may thu so cap
* Xem xét kénh can nhiéu tir may phat thtr cip dén may thu so cap.

Bon 1a tmg dung diéu ché thich nghi trong méi truong vo tuyén nhan thic
dang nén. Xay dung va giai bai toan t6i wu hiéu suét phd tan, cac két qua biéu
dién dudi dang dong cho kénh truyén fading Rayleigh trong d6 xem xét trong
diéu kién kénh can nhiéu tir may phat thir cip dén may thu so cap.

Cau tric luin an
Chuong 1: Gidi thiéu vé vo tuyén nhan thic va truyén thong két hop
Chuong 2: Dé xuit va danh gia hiéu ning md hinh truyén théng két hop
hiéu qua trong méi trudng vo tuyén nhan thirc dang nén.
Chuong 3: Panh gia hi¢éu nang ma hoa khong gian thoi gian Alamouti
trong moi truong vo tuyén nhan thirc dang nén: mot chang va nhiéu ching
Chuong 4: Diéu ché thich nghi trong méi trudong vo tuyén nhan thirc
dang nén: THi wu hidu suat pho tan.
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CHUONG 1. GIOI THIEU VE VO TUYEN NHAN THUC VA TRUYEN
THONG KET HQP

Tom tdt: Chirong nay gioi thiéu nhung klen thite co ban lién quan den lugn
an do la nhung khai niém co ban vo tuyén nhdn thirc, truyen théng két hop
(MIMO do) va truyen thong két hop trong moi truong vo tuyén nhan thuc. Moi
quan hé gllm VO tuyen nhdn thirc voi vo tuyen thong minh, kién tric vat ly
vachirc nang vo tuyen nhén thirc. Phan tich cac mo hinh mang vo tuyén nhén
thire va cdu triic mang vé tuyén nhdn thire.

1.1 GIOI THIEU

Chuong nay trinh bay tong quan nhirng Van dé co ban vé vo tuyen nhén
thire, truyén thong ket hop va su két hop truyen thong két hop véi vo tuyén
nhan thirc. Phan cudi cua chuong rat ra mot s6 nhén xét dé xuat hudng nghién
ctru nham cai thién hiéu suat sir dung pho tan ma van dam bao chét lugng dich
vu QoS.

1.2 VO TUYEN NHAN THUC
1.2.1  Sw can thiét ra doi vo tuyen nhén thirc

Do véy nhu ciu bure thiét dat ra d6i v6i nén vién thong thé gidi 1a chora
doi mot hé thong vo tuyen nhén thue ¢6 kha nang st dung nhung khoang trang
trong dai tan sd. Su xuat hién ctia v6 tuyén nhan thirc cho phep giai quy€t dugc
nhirng kho khin trong viée sir dung hiéu qua tai nguyén tan sb vo tuyén.

1.2.2  Khéi niém v tuyén nhén thirc

Theo IEEE: “Vo tuyén nhén thirc 12 hé thong phat/nhan tan s6 vO tuyén ma
duogc thiét k& dé thong minh phat hién mot khoang phé dang st dung hay
khong, va nhdy (hodc thoat khoi néu can thlet) rat nhanh qua mot khoang pho
tam thoi khong st dung khac, nham khong gy nhiéu cho cac hé théng duogc
cép phép khac.

1.2.3  Mbi quan h¢ gitra vo tuyén thong minh (Software Defined Radio)
va vo tuyén nhén thirc

V6 tuyén nhan thire can duya trén vo tuyén thong minh dé phét trlen Hay
n6i cach khac, vo tuyén thong minh chinh 1a cong nghé 15i ctia v6 tuyén nhan
thtre.

1.2.4  Kién tric vat Iy ciia vo tuyén nhén thirc

B0 phan chinh cua h¢ thong thu phat vo tuyén nhén thue gdm hai phan la
phan cao tin (RF font end), va phan xir ly bang goc (baseband processing
unit).
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1.2.5 Chitc ning vo tuyén nhan thirc

He¢ thdng vo tuyen nhén thire ¢6 bén chire nang chinh, d6 1a: Cam bién pho,
Phan tich quan 1y phd, Quan Iy phd va chia sé phd.

1.2.6 Mo hinh mang vé tuyqn nhén thirc .
1.2.6.1 M6 hinh mgng v tuyen nhdn thizc dang nén (underlay)

Trong mo hinh vo tuyen nhan thie dang nén, mang thir cap va mang so cap
hoat dong trén cung mot tan so trong d6 may phat thir cap phai diéu chinh
cong suat phat sao cho cong suat can nhidu nhan tai may thu so cap phai nho

hon mdt ngudng quy dinh trude, |p .
1.2.6.2 M6 hinh mang vo tuyén nhdn thizc dang chong chdp (overlay)

Trong mo hinh nay, mang so cip va thir cip hoat dong trén ciing bang tan
voi gia dinh rang hai mang phai trao d6i thong tin va hop tac 1an nhau dé loai
bo/trach can nhiéu gitra hai mang bang cac ky thuét xu 1y tin hiéu phirc tap.

1.2.6.3 M0 hinh mang vo tuyén nhan thirc dang dan xen (interweave)

M0 hinh vo tuyén nhén thirc dang dan xen 1& mo hinh h¢ thong thir cap phai
dung truyen neu hé théng so cip truyén phat trd lai han ché gy can nhiéu cho
hé théng so cép.

1.2.7 Céu triic mang vo tuyén nhin thirc
 Mang vo tuyén nhan thirc c6 thé ton tai ¢ hai dang co céu trlic va khdng cé
cau truc.
Vi dang co6 cu truc, cac phan tu mang co the glao tiép v6i nhau thdng qua
tram gbc (hodc nut chu) ¢ tan sd ban quyen hodc tan s khong ban quyen Trong

mo hinh mang, c6 thé co phan tr quan ly pho (Spectrum broker), gitip trao doi
thong tin tan s6 (16 pho) gitra cac hé thong vo tuyén nhén thirc.

Vi dang khong co cau truc (ad-hoc networks), cac phan tr mang két ndi
v6i nhau thong qua két nbi ad-hoc. M hinh mang khéng cé ciu trac thuong
dugc st dung trong mang cam bién, thu thap thong tin.

1.3 MO HINH KENH CUA HE THONG TRUYEN THONG TRUC TIEP
1.3.1 ™Mo hinh co ban

P hes 7,
S > D
X5

Hinh 1.8: M6 hinh kénh ciia hé théng truyén thong truc tiép
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132 Cacky thuit phén tip sir dung trong mang vo tuyén nhén thirc
1.3.2.1 Cac phuwong phap to hop phan tdp

Cho dén nay, k¥ thudt phan tdp duoc chia lam bdn loai co ban:

= Két hop lua chon (Selection Combining)

= Két hop chuyén mach (Switching Combining)

= Két hop do loi can bang (Equal-Gain Combining)

= Két hop ti s6 cuc dai (Maximal Ratio Combining)

1.3.3 Ky thuat MIMO (Multi-Input Multi Output)
1.3.3.1  Khai nigm MIMO

Pinh nghla MIMO 14 cong nghé truyén thong khong day, trong d6 ca may
phat va may thu déu st dung nhiéu anten.

1.3.3.2  Uu nhuoc diém cua ky thugt MIMO

Viéc str dung nhiéu anten trong hé thong MIMO cho phép: i) céi thién hiéu
nang dudi dang d9 loi phan tip cta hé thdng va ii) nang cao dung lugng cua hé
thdng (truyén nhiéu luong dir licu).

1.4 TRUYEN THONG KET HQP
141 Truyen thong chuyén tiép

Niitngnén Niit chuuyén tiép Ntdich
Hinh 1.10 M hinh h¢ théng truyén théng chuyén tiép da ching

1.4.2 Ky thuat MIMO #o (Hay con goi la truyén thong két hop)
1.42.1 Ly do ra doi MIMO do

Cong ngh¢ MIMO kho ap dung trong cac thiét bi di dong cAm tay va mang
cam bién khong day véi ning luong va nang luc tinh toan gidi han.

1.4.2.2 Khai niém MIMO do

Hé thong cho phép cac dau cudi di dong chi su dung mot anten duy nhét
trong moi truong da nguoi dung, co thé chia s¢ va su dyng chung anten vdi
nhau, tao ra mot by phat gom nhi€u anten a0 dé dat dugc su phan tap khong
gian nhu h¢ thong MIMO. Hé théng nhu vy goi 1a truyén thong két hop hay
1a hé théng MIMO 4o.



1.4.2.3 M0 hinh hé thang

A
hiz
>
X

Hinh 1.11 M hinh co ban ciaa hé théng truyén thong két hep

MBS hinh co ban cua hé thong truyén théng hop tac bao gdm mot nut ngudn
(S), mdt nat chuyén tiép (R) va mot nut dich (D).
1.4.2.4 Mgt sé ky thudt xa¢ /7 tin hiéu trong truyén thong két hop.

Khuéch dai va chuyén tiép va Giai ma va chuyén tiép
1.4.2.5 So sanh kj thudt chuyén tiép AF va DF

Vé mit ky thuat, kiéu AF don gian hon nhung né doi hoi nut chuyen tiép co
nhleu bd nhd dé luu trit cac mau tin hiéu thu trude khi khuéch dai va chuyen

tiép. Trong khi d6, kiéu DF lai ¢6 wu diém 14 thich hop cho cac hé thong s6 c6
str dung ma hoa.

1.5 TRUYEN THONG KET HQP TRONG MOI TRUONG VO TUYEN NHAN
THUC
1.5.1 Phan tich wu va nhwoc diém cta truyen thong ket hop
* Uu diém: Cai thién do loi phan tap (hi€u nang) cho hé théng don anten;

M6 rong vung pht ma khong tang cong sudt phat. Han ché can nhidu cho cac
hé thong don anten

* Nhuge dlem Hiéu suat sir dung pho tan (spectral efficiency) thap do
viée su dung nhiéu khe thoi gian dé truyén mot khung dir li€u. D9 phirc tap tai
nut dich cao do viéc sir dung bd phan tap két hop.

1.5.2 Uu diém ciia vé tuyén nhén thirc

Hiéu suit su dung phé tan co thé duogc cai thién, cho phép trién khai cac
dich vu v6 tuyén mai.
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1.5.3 M6 hinh két hop truyén thong két hop trong méi truwdng vé tuyén
nhén thire.

Cac nit trong mang thi cp c6 the hop tac va chia sé v&i nhau thdng tin
nhan dang tan sd trong clia mang so cip tir d6 cai thién chat luong hoat dong
nhén dang. Hoac chat luong cua mang so cip va thir cip c6 thé dugc cai thién
hon bang cach sir dung k¥ thuat truyén théng hop tac.

1.6 KET LUAN CHUONG 1

Chuong 1 da trinh bay nhiing van d& co ban vé vo tuyén nhan thirc va
truyén thong két hop. Chu:ong 1 cling dong thoi cling dua ra sy can thiét khi
két hop hai cong nghé vo tuyén nhén thirc va truyén thong két hop.

CHUONG 2. PE XUAT VA PANH GIA HIEU NANG MO HINH
TRUYEN THONG KET HQP HIEU QUA TRONG MOI TRUONG VO
TUYEN NHAN THUC DANG NEN

Tom tit: Trong chuwong nay trinh bay vigc danh gia hi¢u nang cua mang
truyen thong két hop trong moi truong vé tuyén nhdn thire dang nén voi mit
chuyén tiep AF tot nhat. Pong thoi ciing trinh bay viéc 10i uu hiéu nang cua
mang truyen théng két hop da ching trong méi truong vo tuyén nhdn thirc
dang nén.

2.1 GIOI THIEU CHUONG

Chuong 2 trinh bay dé xuat m6 hinh méi ap dung ky thuét Iya chon nut
chuyen tiép tot nhat cho hé thong thir cp va dé xuat k¥ thuat phan tich dé tinh
Xé&c suit dimg cua hé thong Phuong phép phan tich la méi va co thé ap dung
cho kénh Rayleigh dong nhat va kénh khong dong nhat. Téi uu hi¢u nang cua
hé thong chuyén tlep dang nén c6 xem x€t rang budc cong suét can nhleu t6i
da tai may thu so cap va cong sudt phat toi da cua may phat thir cap. DBé danh
gia hiéu nang hé thong, bleu thirc dang dong cuia xac suit dung hé thong o
dang chinh xac va dang xap xi & vang ty 1& tin hiéu trén nhidu thap va cao
duoc thiét 1ap cho kénh truyén fading Rayleigh.

2.2 MO HINH #1: TRUYEN THONG HQP TAC LUA CHON NUT CHUYEN
TIEP DANG NEN AF TOT NHAT
2.2.1 MO hinh h¢ thong dé xuat

M6 hinh cua hé¢ thong ta nghién ctru gbm mot nut nguon thir cap (s), mot
nut dich thtr cap (d) va N chuyén tiép thir cap ky hiéu lan luot N, Ny
cung ton tai véi mot cap PU.



Hinh 2.1 M8 hinh h¢ thong truyén thdng hep tac lwa chen nit chuyén tiép tdt
nhat dang nen

Két qua 1a CDF cuia 7 duoc viét nhu sau:

f1,%

gq=1 7/_'_(22,nq

P () =142 (D X

k
e LI (2.16)
b1 "
2.2.2  Phan tich xac suit dirng h¢ thong
1
Pr(0) = Pr[alog2 (1+7)< R}= Pr(yz <7w)
Hi (2.17)

k
N N - + o
K q=1 7 2,n,
:1+k§;(—1) 727 ) —5— —
: i B DA

p=1

Cu thé voi truong hop kénh truyén dong nhat, ta co: =0 and &, =,

véi moi K , khi d6 (2.17) duoc don gian nhu sau:

Pr(O) :1+i(—1)k(':J 1 (2.18)

)

Dé tang do loi phan tap cho h¢ thong, nut dich két hop tin hi¢u tor nht
chuyén ti€p tot nhat. Khi do, xac suat dirng cua hé thong c6 thé duoc viét:
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1 1
Kro Y Ko
1+ 1+ +-0

(L)

(2.22)

Hinh 2.2 cho thay sy giam dang ké cua OP khi s6 nit chuyen tlep thir cap
tang lén. Hon nita h¢ thong dang xem xét ciing cung cép chat luong t6t hon so

v6i truyén dan truc tiép.

2.2.3 Mo phéong va danh gia két qua

Hinh 2.3 so sanh hiéu
ning hé théng cho truong
hop: khong két hop, ket
hop lua chon va két horp ti
1¢ t6i da (MRC) ddi véi ty
1¢ tin hi€u trén nhiéu trung
binh. Véi cdu hinh mang
c¢d dinh va thiét 1ap kénh,
MRC rd rang cho hi¢u
nang t6t hon SC trong dai
SNR hoat dong.

Trong Hinh 2.4, két qua
m6 phong rit théng nhét
voi két qua phan tich ly
thuyet va mang i.id. cho
chat lwong tét hon trong
truong hop mang i.n.d. Hay
noi cach khac la khi kénh
truyén doc lap dong nhat s&
cho hiéu nang tot hon, tuy
nhién phai cing ché d6 phan
tap.

Qutage Probability
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Hinh 2.2 X&c suat dirng cia hé théng khi sb nat
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chuyén tiép thir cip thay déi

No Combining
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Hinh 2.3 Hiéu suit ciia h¢ théng khi thay dbi cac

ky thuat phan tap tai nit dich tha cip
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o iid. channels
< Simulation
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Qutage Probability
5
&

Hinh 2.4 Hiéu suét caa hé théng theo dic tinh kénh
2.3 MO HINH #2: CHUYEN TIEP PA CHANG DF DANG NEN TOI UU
2.3.1 xaydungvanmtﬁhéﬂﬁngkhﬁosm
Xem xét hé thong gdm mot cap thu (PU-RXx) va phat (PU-Tx) so cép ton tai
cung voi rnot mang thtr cip da chang Qua4 trinh truyén théng tin gitra nat
ngudn thtr cdp (CR,)va nut dich thit cp (CR,,,) v6i su hd trg clia K —1
nut chuyén tiép vo tuyén nhan thirc, ky hiéu CR 2r--»CR
2.3.2  Phan tich xac suit dirng hé thong
X&c suat dimg ctia hé théng dugc viét nhu sau:
1—e #n, TH1
OP = 1 K a,
k=1 Y T O
Bai toan tdi wu hiéu ning ciia h¢ thong
Bai toan t6i wu duoc phat biéu ¢ dang toan hoc nhu sau:
min OP s.t.dy, +d,, +...+dy =1 (2.42)

TH 2 (2.40)

Ta dé dang nhan thay rang cong thirc xac suit dimg chinh xac cua hé thong,
khi thyc hién xap xi biéu thirc nhu sau:

1 1
7th[j+'”+j]’ TH1 (2.43)
71 Yk
OP —
y[h[i+ +ij TH 2
o ay

Hinh 2.7 trong diéu kién rang budc vé cong suit phat va can nhidu & may
thu so cép, thi mang véi s6 ching 16n hon khong phai ludn ludn cho hiéu ning
t6t hon.
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Hinh 2.8 Duo‘ng xap xi & ving nhiéu thap va ving nhiéu cao cling hoi ty
tuong ung voi duong két qua chinh xac ¢ vung ty 1€ tin hi¢u trén nhleu xem
xét. Két qua nay cho phép chiing ta kiém chimng lai lan nira tinh ding dén cua

xap xi trong cong thire (2.36).

2.3.3 M0 phéng va danh gia két qua

10°

w0

Outage Probability

2
10

b
-
TN

Average SNRs, J"‘m

Hinh 2.7 Xéac suat ding hg thong theo P, véi | /N, =10 dB, 77 = 4

Outage Probability

Exact
Lowi Approximation

— — — High Approximation
©  Simulation

L 1 1 L -
10 15 20 25 30
Average SMNRs, Pm

Hinh 2.8 Kiém chitng cong thirc (2.40) véi |, /N, =10 dB, 7=4,va

(%, Y,)=(051).

Hinh 2.9 trinh bay cac két qua ta dé dang nhan thay hi€u qua cua phuong
phap phan b6 tdi ru khi gia tri ty 1€ tin hi¢u trén nhiéu Ién hon 10 dB. Khi do,
xac suat dung cua hé thong cho boi phuong phap phan bo t6i wu dugc dich
xudng dudi mot khoang 16n so véi phuong phap phan bo ngiu nhién.
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Qutaps Probability

15
Average SHRs (0]

Hinh 2.9 So sanh cac phwong phap phéan bd nit chuyén tiép thé cap véi
1,/N, =10 dB, =4, va (x,,Y,) =(0.8,0.4)

2.4 KET LUAN CHUONG 2

bong gop mai trong chuwong nay la da giai bai toan phan b t6i wu vi tri nat
chuyén tiép cua mang thr cap cho truong hop tong quat, thich hop ca ving ty
1€ tin hiu trén nhleu cao lan thap. Két qua mo phong da chimg minh phuong
phap phan bo t6i uu hiéu qua hon so v6i phuong phap chia déu khoang cach
hodc chon khoang cach ngau nhién cua hé thdng truyen thong phan tip da
chang ng dung cong ngh¢ vo tuyén nhan thic trong diéu kién rang budc mirc
can nhidu va cong suét phat tdi da.
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CHUONG 3. PANH GIA HIEU NANG MA HOA KHONG GIAN THOI GIAN
TRONG MOI TRUONG VO TUYEN NHAN THUC DANG NEN:
MQT CHANG VA NHIEU CHANG

Tém tit: Chirong nay da de xudt vmg dung ma hoa khong gmn thoi gian
Alamouti trong mang Vo tuyen nhén thirc thir cap mét chang va da chang.
Pong thoi siv dung cdc tham sé xdac sudt dieng OP va dung lwong Shannon de
danh gla hiéu nang cua hé thong co xem xét dén kénh can nhiéu tir may phat
thir cap, nut chuyén tlep dén may thu so cap. M6 phong monte carlo dwoc thire
hién dé chitng minh cdc két qud da phan tich.

3.1 MA HOA KHONG GIAN THOI GIAN TRONG MOI TRUONG VO
TUYEN NHAN THUC DANG NEN
3.1.1 M0 hinh hé thong

Primary network

:

/
— 7
/

Secondary network

i >‘t

Hinh 3.1 H¢ théng M1SO dang nén.

3.1.2  Phan tich xac suit dirng hé thong

OP = Pr()’z < }/th)
F. ()

2
e 2a In a
Vi +20  (yy +2a) Vit

(3.9)

Cho truéc ddc tinh kénh truyén o , xac suét dimg hé théng x4p xi & ving ty
1€ tin hiéu trén nhiéu cao nhu sau:

OP > 7/th2 (310)
2a’
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3.1.3 Dung lwgng Shannon hé thong

€= [Cocun O 1, (e

log, @+ ) f,_()dy

O'-;8

Str dung tich phan tirng phén, ta c6 thé viét C lai nhu sau:

dalnat In(A+y)
n2 (4 2a)
J ()
Ao |n(y+0¢)|n(1+7/)d
N2 (y+2ax)
J ()
40( = In(7+1)
Tn2] o (y+2a)’
J (1.22)
2 J- In(+1) In(py+1) d
T In2 Y+ ¥y + 2«

J.La.2a)
3.1.4 Két qui mé phong va thio luin

C = —

dy

sdy

(3.15)

(3.16)

Hinh 3.2 va Hinh 3.3 Két qua trong hai hinh chi ra rang két qua mo phong
va két qua phan tich 1a trung khorp v6i nhau cho phép két luan ring rang

phuong phap tinh toan va két qua phan tich 1a hoan toan dung dén.

10 %, [ siso g

Outage Probability

Alamouti N 5 7

0 Simulation

Exact Analysis

......... Approximation
i

L L L L
0 5 10 15 20 25 30
Average SNRs

Hinh 3.2 X&c suit dirng h¢ théng Alamouti va SISO dang nén
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o Simulation
Analysis

Alamouti

Shannon Capatity

L L . L L
5 10 15 20 25 30
Average SNRs [dB]

Hinh 3.3 Dung lwgng Shannon h¢ théng Alamouti va SISO dang nén

Két qua nay ciing chi ra rang hé thong Alamouti trong moi trucmg vO tuyen
nhan thuc dat dugce do loi phan tap 14 2 so v6i d6 loi phén tap 13 1 cta hé thong
SISO.

3.2 MA HOA KHONG GIAN THOI GIAN VOI CHUYEN TIEP PA CHANG
DF DANG NEN
3.2.1 Giéi thi¢u
Truyen thong da chang la ky thuét cho phép m& rong vung phu song cua hé
thdng vo tuyén va han ché can nhiéu. Trong phan nay dé xuat ap dung ma hoa
khong glan thoi glan véi k¥ thuéat chuyen da chdng dang nén véi muc tiéu cai
thién ving phii song va/hodc hiéu ning cua hé thong.

3.2.2 Mo hinh h¢ thong

Hé thong xem xét bao gdm nat ngudn ky hi¢u T,, K nut chuyén tiép, va
mdt nat dich T, nhu & Hinh 3.7. Cac nat déu duoc trang bi hai anten phat va
mot anten thu su dung ma khong gian thoi gian Alamouti.

PU-TX I :

=1
-7

7
I, j7>Y /A j>i T.

Hinh 3.7 H¢ théng hai ching MIMO dang nén
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3.2.3  Phan tich x4c suit dirng hé théng

K 2
opP =1—H{1— Yo, 20 _pp_% }
k=1 Yo T200 (Yo +204)° 7+

(3.41)
O ving ty 18 tin hiu trén nhiéu cao, ta c6 thé xap xi OP:

OP ~ li(&f
2iala) (3.42)

3.2.4 Két qui md phéng va phan tich két qua

109

—— Exact Analysis
— — — Approximation
< Simulation

Outage Probability

o 5 10 15 20 26 30
Average SNRs [dB]

Hinh 3.8 Anh hwéng cia sb ching I1&n xac suit dirng hé théng ma héa khong gian
thoi gian da chiang, PU (0.5,05), n7 = 3,va Vin = 3.

Trong Hinh 3.8, cho thay rang khi s6 chang tang lén thi x4c suat ciia hé
thdng giam, nghia 1a hiéu nang ctia h¢ théng duge cai thién. Cac ket qua mo
phong trung khit véi két qua phan tich chinh xac trong toan ving ty s tin hiéu
trén nhiéu.

e U~ S ot

Hinh 3.9 Anh hwéng i

cia vi tri may thu so

cap lén xac suat dirng g ot .
hé thong ma héa khong £ S o, W

gian thoi gian da | . o Ngueson N
ching, K=3, 5=3,va I'\\\ \\\,, h\\
. S N
]/th — 3 . 10t \.\g\u\fo.a.o 9) \\l\\ \\Q‘
\‘\?\ ™ ) \‘\

o 5 10 16 20 26 a0
Average SNRs [dB]
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Hinh 3.9 chi ra rang, vi tri mang SO cap cang xa mang th cap thi hiéu nang
mang thu cap tang 1é€n dang ké do cong suat phat cua mang thtr cap khi cang xa
mang so cap thi cang it bi rang budc boi mang so cép.

Trong Hinh 3.10 ¢6 thé thay rang véi cling diéu kién hé thong, thi kénh
truyén c6 7] cang 16n thi hiéu ndng cia mang cang cao. Hién tugng nay hoan
toan tring khép véi mang truyén thong da ching truyén thong.

Outage Probability

o 5 10 15 20 25 30
Average SNRs [dB]

Hinh 3.10 Anh hwéng ciia méi trudng fading 1én OP ma héa khdng gian thai gian
da chang, K =3, PU (0.5, 0.5),va y,, =3.

3.3 KET LUAN CHUONG 3

De xudt ung dyng ma khong gian thoi gian cho mang vo tuyén nhan tng
dang nén va dong thoi dé xuat phuong phap _phan tich hiéu nang méi dudi
dang xéc suét dimng va dung luong dirng hé thong. Chu’ng minh rang hé thong
Alamouti v6i hai anten phat va mot anten thu dang nén c6 thé dat do loi phan
tap 1a hai.

Pé xudt ap dung ma khong glan va thoi g1an cho mang da chang va
phén tich xac suat dung dang chinh xac va dang xap xi ¢ vung ty 1€ tin hi¢u
trén nhiéu cao. Chirng minh rang hé thong da chang chi tang d6 lgi ma ma
khong tang dg lgi phan tap. Cac két qua phén tich hi¢u nang 1a nhung két qua
méi, dugc kiém chimg boi két qua mo phong dua vao phan meém Matlab va
dong thoi cho phép ching ta chu'ng minh dugc HE thong mi Alamouti, c6 thé
cai thién dang ke hiéu nang ctia h¢ thong thir cdp ma van dam bao mirc can
nhiu cho hé théng so cép.
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CHUONG 4. UNG DUNG PIEU CHE THICH NGHI TRONG MOI TRUONG
VO TUYEN NHAN THUC DANG NEN: TOI UU HIEU SUAT PHO TAN

Tom tit: Trong chu’ong nay gidi thi¢u ky thugt truyén thich nghl cho h¢
thong thar Cap dang nén cé xem xét dén kénh truyén can nhiéu tir may phat ther
Cap dén may thu so cap. Pé XUat phirong phdp phan tich dé danh gia hiéu
nang cua hé thong o kénh truyen fading Rayleigh duwéi dang x&c suat ding,
hi¢u Suat phé tan va xac sudt 16i bit trung binh. M6 phong Monte Carlo trén
phan mém Matlab duwoc sir dung dé kiém chirng tinh chinh xac cua ket qua moé
phong va chitng minh wu diém cua ky thuat truyén thich nghi trong viéc cai
thién hiéu suat phé tan cia hé thang thi cap.

4.1 GIOI THIEU CHUONG

Trong chuong nay, de xuat ap dung k¥ thuat truyen thich nghi cho mang vo6
tuyen nhén thirc dang nén dé cai thién hiéu nang cua h¢ thong trong do xem
xét dén kénh truyen can nhiéu tir nut phat tha cap dén nat thu so cap trong ty
s6 tin hiéu trén nhidu cua hé thong thir cip. bé danh gla hiéu nang cua hé
thong, phén tich cac tham s6 hiéu ndng hé thong bdo gom: xdc sudt ciia moi
ché do truyen X4c sut dung, hi¢u sudt phd tan va xac suit 15i bit trung binh
ctia hé théng & kénh truyén fading Rayleigh.

4.2 MO HINH HE THONG PE XUAT VA KHAO SAT

o o

Hinh 4.1 M6 hinh mang v tuyén nhan thirc dang nén sir dung diéu ché thich nghi

V6i xac sudt 18i bit cho trudc, BEP, , ngudng chuyén ctia ché do thir k 7/Tk
s dugc tinh dé dam bao ring xac suét 15i bit tirc thoi cua hé théng1 s€ nhd hon
hodac bang BEP,. Khi h¢ thong st dung dieu ché két hgp (coherent
modulation), ta c6 thé viét

! Tuong dwong véi xac suét 16i bit & kénh truyén nhiéu tring
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akQ(\fﬂk?ﬁlf )S BEP;, (46)

Tir (4.6), ta c6 thé tinh 77 nhu sau:

Al (%] -

4.3 PHAN TiCH CAC THAM SO PANH GIA CHAT LUQNG HE THONG
PIEU CHE THiCH NGHI TRONG MOI TRUONG VO TUYEN NHAN
THUC DANG NEN

4.3.1 Xac suit ciia mbi ché do truyén

Véi diéu ché thich nghi M QAM K ché d9, hé thong s& truyén véi K —1
mirc diéu ché. Xac suat xay ra ctia ché do thir K véi k =1,..., K nhu sau:

e =Pr(p =y =")

K1
rT

- J' f (p)dy . (4.8)

Thay thé (4.5) vao (4.8) va sau d6 thyc hién tich phan, ta c6 thé x4c dinh
xac sudt cia ché do truyén thir k nhu sau:

K+1
T

O

Sk (r +a)?
et s (4-9)
AT ra Ara
432 Xac suit dirng hé thong
OP =Pr(y <7)
1
1T (4.11)
yr to
4.3.3 Hiéu suit pho tin
K
ASE = > z,m,
k=2 (4.12)

véi m, =log, M, . Chi y ring v6i ché do dau tién, k =1, hé thong khong
truyénnén m, =0.
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4.3.4 Ty s618i bit trung binh

K
> mBEP,
BEP=F2 (4.13)
Z my 7z
, ~ k=2 ,
trong d6 BEP, 12 x4c suét 18i bit trung binh trong ché do thtr K , dugc tinh nhu
sau.

" »
BEP, ~ | ak%(%e'%’ +e’L’)

P (r+ 05)2
aall A ef%ky A e’%v (4'16)
= — + | —=
4 3;’; (y+a)’ ;'T;(y+a)

_ aza[; | (/’*)+ | (z/xk )}
4.4 TOIUU HIEU SUAT PHO TAN

Bai toan tbi wru duoc phat biéu dudi dang biéu thire toan hoc nhu sau
max , . ASE subjectto BER < BER, - (4.19)

St dung toan tu Largange, ching ta chi y ring 72 =0, yf =00 voi
It <yk,ta viét nhan tir chung nhu sau:

A = ASE + A(BER —BER,ASE) _ (4.20)
= ASE(Q1—-1BER;)+ ABER

Str dung diéu kién BER-BER_ASE = 0 két hop véi (4.18), gid tri tdi vu ciia
y2, ..., Kt langhiém cia h¢ K —1 phuong trinh phi tuyén sau:

ViOT)— Y. Gf)=0,k=2,.., K —1

voi Y () = m, BER e (M, 77) =M BER e (M 5, 757)
m,—m,._,

{ S m.BER, - BER, S m,z, =0 (4.21)
k=1

45 MO PHONG VA PANH GIA KET QUA

0

Hinh 42 O Vung gia tri - nho, trong khoang 0-7 dB, h¢ thong thuong
xuyen ding, truyen vi khong dam bao xéac suit 13i bit theo yéu cau Tuy nhién,
khi gia tri N— tang 1am hé thdng c6 xu hudng sir dung cac ché do truyén cao
hon.
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Hinh 4.3 chi ra rang khi Khong tmyén
Xac suat 151 bit trung binh '
cua h¢ thong ludn ludn nho
hon xac suat 16i bit yéu cau,
nghia [a luén dam bao QoS
yéu cau cua h¢ thong.

0.7 F e 32-QAM
© Mo phong

Xie sufil ché db truydn
-
g

0 5 10 15 20 25 30
Ty 1¢ cbng sufi tin higu trén nhidu trung binh theo ky tu [dB]

Hinh 4.2 X&c suét cia cac ché dd truyén.

1075 .
BEP = 10 .
— — — BEP = 10
Mb phong
10°®
o 5 10 15 20 25 30

Ty 12 cong sufit tin hidu trén nhifu trung binh theo ky ty [dB]

Hinh 4.3 Xé&c suit 13i bit trung binh caa hé théng véi 6 ché dé truyén

102
. ——BEP =10

N\ — —-BER =107
~
~

s Mo phong

Xic sudt dimg
s
/s
s
/!
/

o ) 10 16 20 26 30
Ty 1§ cong suit tin higu trén nhidu trung binh theo k ar [dB]

Hinh 4.4 X4c suit dirng h¢ théng
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Trén hinh 4.4, khi gia tri BER, glarn cung lam xac suat dimg cua h¢ thong
tang cao, nghia la hé thong s& thuong roi vao trang thai khong truyén do khong
dam bao dugc QoS yéu cau.

3 s
&3] e
Z s
251 7
7 //
2t Y 1
-
15+ 4 — BEP_=10" -
Ve T
v — ——BEP =107
1~ T
. Mb phong
05 . . . . .
5 10 16 20 25 30

Ty 1 cdng sufit tin higu trén nhidu trung binh theo ky tu [dB]
Hinh 4.5 Hi¢u suiat phd tan caa hé théng véi 6 ché dd truyén

Hinh 4.5 khi gia tri BER, tang ciing lam hi¢u suat pho tan giam xudn. Tu
doé ta co the di den két luan rang, khi chung ta ting QoS dan dén sy danh dbi
voi hiéu suat phd tan ctia hé thong.

Hinh 4.6 da chi ra rang trong cung diéu kién kénh truyén, viéc tang 5O
lwong ché do truyen s& cai thién dang ké hiéu suat pho tan, dic biét & _vung tin
hi¢u trén nhleu cao. Tuy nhié€n, khi ngudng chuyén 1a khong thay dbi s& dan
dén xac sudt dimg cta hé thong s& khong phu thudc vao sb luong ché do
truyen

— M=6 e

—--M=2 -
sl M& phong P

-
rd
P
s -
—
// "
P /
w 7 @
< /
»
Ly~
s
3 7
Z
)
P
2 p
P

P
p
0 5 10 15 20 25 30

Ty 18 cdng sufit tin higu trén nhidu trung binh theo ky ty [dB]

Hinh 4.6 Anh hwéng cia sé lwgng ché d9 truyén 18n higu suat phd tan
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4.6 KET LUAN CHUONG 4
Chuong 4 c6 hai dong gop quan trong:

- Pé xuat phuong phap méi danh gia hi€u nang cua hé thong bao gom Xac
sut dung, xac suat 101 bit trung binh, hiéu suat pho tan va xéac suat clia cac ché
do truyen o kénh truyen fading Rayleigh. Phuong phap nay 13 tong quét va ¢
thé ap dung cho cac mo hinh kénh khac;

(D Ap dung va khao sat hi€u nang cua ky thuét truyén thich nghi vao hé
thong truyén thong hgp tac nhan thic dang nén,

(2) Ap dung va khédo sat hi€u nang cua ky thuét truyén thich nghi vao hé
thong MIMO dang nén va

Thiét 1ap va giai bai toan t6i uu hiu suat pho tan cua hé thong truyen thong
nhén thire dang nén ¢6 str dung truyen thich nghi. Cac két qua chi ra rang nguong
chuyen tiép t6i wu cai thién dang ké hiéu sut phd tan so véi ngudng chuyeén tiép
c0 dinh.

KET LUAN VA PINH HUONG NGHIEN CUU TIEP
KET LUAN

Qua thoi gian nghién ciu két qua cta luan an déa dat dugc myc dich dé ra
ban dau do 1a: i) Xay dung cdc m6 hinh mang truyen thong két hop va chuyen
t1ep hi€u qua cho mang thir cdp: dam bao QoS va mo rong ving phi song
Bong thoi dé xuit cac phuong phap moi cho phép phan tich hi¢u nang cua cac
md hinh mang dé xuat va ii) Ap dung céc k¥ thuat cai thién hi¢u nang o 16p vat
ly: mé khong gian thoi gian, truy€n ng Gng dé cai thién hi€u nang cua Jmang
thir cip trong khi van dam bao thong tin clia mang so cap Nhing két qua
nghlen curu ndy vira mang tinh co bén, vira mang tinh chat dé xuét nhimg van
dé mai, phat trién nham tng dung c6 hidu qua vao trong mang khong day hién
nay va trong tuong lai.

Céc két qua dat dugc ciia luan an 14 tin cdy va c6 mot sé dong gop moi:

(i) Xac dinh nhitng gi6i han dbi véi cac chi sd hi¢u néng (xac suét dimg, ty
1¢ 16i bit trung binh, dung luong Shannon, hi¢u suat pho, . ..) trén 16p vat ly
(m6 hinh OSI) d6i véi truong hop ctia hé mang thir cp trén nén vo tuyén nhan
thirc dang nén.

(11) Ap dung céac dac thu trén 16p vat Iy (m6 hinh OSI) déi voi hé mang thur
cap cua h¢ thong truyén thong hop tac trong mdi trudng vo tuyen nhan thue
vao phan tich chat luorng hé thong trong truong hop phan b vi tri nat chuyén
tiép cia mang thir cip, ma Alamouti, cic phuong phap diéu ché.
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PINH HUONG NGHIEN CUU TIEP THEO

Tw cong trinh nghién ctru so 1 d6 1a: “Phén tich xac suét dung ctua hé
thong truyén thong két hop chuyen t1ep AF trong mdi truong vo tuyen nhan
thue trén kénh fading Rayleigh”, co thé phat trién bai toan danh gia chat luong
ctia hé thong truyén thong két hop chuyen tiép AF trong moi tmong vO tuyen
nhén thirc thong qua so nit chuyén tiép t6i wu, vi tri ciia nit so cap va anh
huong cua moi trudong truyén trén kénh Rician va Nakagami-m. Dong thoi tiép
tuc phat tr1en nghlen ciru hé thong truyen thong két hop da ching khi phan
dinh cong suat toi uu cho cac may phat cia tirng nut chuyén tiép.

Trén co so cong trinh s 3 “T01 uu hi€u nang cta he thong truyén thong
da chang trong moi truong vo tuyen nhén thuc dang nen s€ nghién cuu phat
trién thiét ké mang vO tuyén ket hop nhan thirc thu cip cho phép tan dung tdi
da kénh truyen roi trong khi van dam bao chat lugng dich vu cua mang v
tuyén so' cap va danh g1a chét luong cua mang. Dong thoi giai quyet bai toan
phan bo nang lugng glu’a nat nguén va nit chuyen tiép trong diéu kién rang
budc vé nang lugng tong cu thé: Khao sat hé thong trong truong hop khi xem
xét cong suat phat toi da cua may phat so cap va can nhleu gdy ra cua may
phat so cap dén may thu so cdp; Tinh toan cac théng sb chat luong khéc cua hé
thong: Nhu ty sé 161 bit (Bit Error Rate) dung luong kénh truyén (Ergodic
Capacity); Khao sat hé thong véi cac loai kénh truyen khac nhu Rician,
Nakagaml m; Nghlen ctru hé thong truyén da chang cua 1 mang thir cAp khi gioi
han cong suét cho cac may phat cua tng nit chuyen tlep, Toi wu khoang cach
gilra cac nut chuyen tiép cua mang thir cap khi vi tri cta cac nut chuyén tiép
khong cing nim trén mot duong thang.

Trén co s& cong trinh s6 2 “Panh gia chat luong hé thong ma hda Alamouti
trong mbi trudng vo tuyén nhan thirc dang nén’ ngh1en ctru sinh méi phan tich
gi6i han trén mot an ten thu, Phuong phéap nay ¢6 thé mé rong cho tmong hop
sau: Khao sat hé théng Alamouti trong truong hop may thu th cap co nhiéu
hon 01 anten thu; Khao sat cic ma khong gian thoi gian khac voi nhiéu hon
hai anten & may phat thir cip; Xem xét khao sat anh huong ctia kénh truyén
can nhiéu khong hoan hao 1én hiéu ndng cua hé thong thur cap véi mot mire can
nhidu quy dinh trude; Khao sat hé thong véi kénh truyén phirc tap hon nhu
kénh Nakagami-m hay Rician.

Vi cong trinh s6 4 “Panh gia hiéu nang cua hé thong vO tuyen nhén
thirc dang nén véi diéu ché thich nghi” day la cong trinh c6 tinh chét tong quat
co the ap dung cho cac moé hinh khac. Keét qua cua cong trinh nay c6 thé phat
trlen giai quyet cac bai toan nhu: Ap dung va khéo sat hi¢u nang cua h¢ thong
truyén thong két - hop nhén thirc dang nén st dung ky thuat diéu ché thich nghi;
Hodc ap dung két qua trén khao sat hiéu nang cua hé théng MIMO st dung ky
thuat truyén thich nghi;
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