A. MO DAU

1. Ly do nghién ctru

Hién nay cac hé thong tin v6 tuyén di dong thé hé thir 4 dang
phat trién manh m&. Yéu cau vé ting dung luong cho hé théng dé hd
tro cac dich vu nhu truyén dir liéu tdc dd cao, xem video truc tuyén,
duyét Web..vv, & moi luc moi noi ciung véi vai dich vu thoai phi
truyén thong dang ting lén.

Céc van d& nghién ciru quan tam khong chi 1a dbi véi cac k§
thuat mai riéng ré& tach biét nhu: md hoa, didu ché, phan tap, hop
kénh voi anten dan, anten thong minh...ma con & goc d6 phdi hop va
t6 hop cac ki thudt trén cung mot lac dé nang cao hidu qua sir dung
tai nguyén hé thong. Tuy nhién, nhitng nghién ctru & goc do t6 hop
k¥ thuat ndy trong nhitng nim qua con han ché.

2. Dit véan dé

Muc dich chinh ctia luan an nay la xay dung mét mo hinh va
phéi hop ky thuat anten thong minh, la k¥ thudt phat hién dugc
hudng song dén va c6 thé diéu khién duoc bup song bam theo nguoi
ding, b6 sung cho anten tram gbc ¢ hé thong tin di dong hién hanh.
Dé chimg to hiéu qua cta hé thong nay, chung toi d tién hanh danh
gia dung luong va dung ning cua hé thong phdi hop OFDM/SDMA
¢6 str dung da truy cdp theo khong gian dung véi so d6 anten thong
minh ndy. Van dé nay chua duoc nghién ctru nhiéu trong nhitng nim
qua.

3. Cac muyc tiéu nghién ciru
- Xay dung mot so d6 anten thong minh bao gdm mét hé tim hudng
dé xac dinh hudng song dén dung ky thuat anten khong tam pha va

mot hé didu khién bup song bam theo thué bao di dong.



- Ap dung so dd nay vao hé thong thong tin di dong OFDM dé tao
nén mot t6 hop cau tric méi 1a OFDM/SDMA véi nhitng kich ban cu
thé.
- Panh gia kha ning ting dung lwong va dung ning cua to hop céu
truc méi nay.
Két cAu luan an: Ludn 4n gdm mé& dau, 04 chuong, két ludn,
¢6 30 hinh, 5 bang, 62 tai liéu tham khao, 107 trang luén an.
4. Pham vi va gi6i han ciia ludn an
Heé anten thong minh dé xuét trong luan an c6 thé ap dung
cho cac hé thong tin di dong hién hanh c6 cdu tric té bao hinh luc
gidc déu voi miu st dung lai tin sé 3x3x1. Mbi truong truyén séng
dugc xem xét 1a d6 thi va vung phu can véi suy giam cong suét theo
cu ly dugce coi la tuan theo luat Lognormal voi phuong sai o, =8 dB.
Dich tin va PAPR (Peak to Average Power Ratio) khong xem xét
trong ludn 4n. Dan anten mang pha bang rong c6 kha ning didu khién
btip song thich nghi.
5. Phwong phap nghién ciru
e Tinh toan Iy thuyét: Duya trén co so cta ly thuyét anten
dan, anten khong tdm pha, xtr 1y tin hiéu ngﬁu nhién, tach nhan
tin hiéu va tong hop cac van dé 1y thuyét co lién quan dén dé tai.
e Mo phong may tinh: Pugc tién hanh véi cac kich ban cy thé

va so sanh véi tinh toan 1y thyét



B. NOI DUNG
Chuong 1
MOT SO KY THUAT CHO HE THONG
TIN DI BPONG THE HE MOI

1.4.3 Dung niing ciia h¢ théng MIMO

(Multiple Input Multiple Output)

Dung nang cua mdt kénh MIMO Fading Rayleigh véi
n; anten phat va n, anten thu, cong sudt phat téng P, phuong sai tap
am ¢ biéu dién la
(1.42)

HH™)

2
o

C =B, log, det(l,, + P
trong do Ny

- m=min(n;,n,) ; H la ma tran kénh truyén; B, 1a bang thong cua
cac kénh nho bang nhau.

Tir cong thirc (1.42) ta suy ra khi ma tran kénh H ¢ hang déy du,
cac anten phat va thu khong tuong quan thi dung niang kénh MIMO

s€ ty 1€ voi det(l o HH") theo ham logarit.

2
o

1.6 Anten thong minh cho OFDM

Viéc ap dung anten thong minh cho hé théng OFDM da c6
mdt s6 nghién ctru bude dau nhu cia K. K. Wong [24]; VY. Li va N.
R. Sollenberger [60] va F. Wang cung cong su [16]. K. K. Wong da
thuc hién tdi uu trong sd phuc (bién d6 va pha) ciia dan anten tai ca
tram gbc va nguoi dung dé co mirc SNR cuc dai ¢ daura. Y. Liva N.
R. Sollenberger thi xem xét ap dung anten thich nghi cho hé thdng
OFDM dé nén nhiéu dong kénh; sir dung két hop ca du doan kénh
thuédn va nguoc; khai thac trang thai kénh qua khu, hién tai va tuong
lai vao viéc dy doan kénh. Do d6 d6 chinh xac cua dap ung kénh du

doan tang 1én. Véc-to trong s6 phu thudc ca vao ma trin ty twong
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quan cua tin hiéu va dap ung cua kénh truyén. Song han ché cua cac
cong trinh nay 1a hé anten xir 1y tin hiéu phirc tap va mé hinh cau trac
bup séng cho mang di dong OFDM chua ro rang.
Chuong 2
TAO BUP SONG TRONG HE
ANTEN THONG MINH

C6 nhidu phuong phap tao bip séng anten dé phuc vu cac
muc dich khac nhau. Chuong nay dé cap dén hai phuong phap diéu
khién bup séng 1a didu khién t6i wu theo muc tiéu cb dinh (so dd
phan tir bap séng va so dd khong gian bup séng) va diu khién td hop
blp thich nghi (thuat toan LMS) cho truong hop muc ti€u di dong.
Do yéu cau hé xir Iy tin hiéu anten phai don gian va anten phai c6 kha
nang thich nghi véi muc tiéu di dong nén ching toi lya chon phuong
phap quay bup song thich nghi.

Phwong phap quay bup thich nghi :

Bip song chinh ciia hé anten thong minh dat & tram gdc ¢o
kha ning quay bam theo muc tiéu di chuyén trong pham vi mot séc-
to [3-4]. That vay, vi luan an str dung dan anten mang pha nén chi
can diéu khién pha cta cic phan tir anten dé xoay béip song chinh ciia
dan anten hudng vao muc ti€u. Muc ti€u ¢ day 1a vi tri c6 mat do
ngudi dung cao nhat trong mot séc-to.

Véc-to trong sb cua dan anten duoc biéu dién la
1
w=—a(h)
L
trong d6 L 1a s6 phan tir (tir 4 dén 8) ciia dan anten mang pha, 6 la
hudng song dén tir myc tiéu trong miat phing phuong vi.

Pé thyc hién duge viée quay bup thich nghi, hé diéu khién

blp song anten can co thong tin vé hudng song dén cua muc ti€u
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(véc-to hudng a(0)) tir hé thdng tim hudng (hé thong nay s& duoc
trinh bay chi tiét & chwong 3). Khi muc tiéu di chuyén, véc-to hudng
s& thay ddi va véc-to trong sb ciing s& cap nhat theo. Két qua 1a bap
song chinh s€ thuc hién viéc quay buip thich nghi.
Chuong 3
XAC PINH HUONG SONG DUNG DAN ANTEN
KHONG TAM PHA

3.5.5 Phan tich dan anten khong tiam pha véi déc tinh
pha phi tuyén

Dan anten khong tim pha dung 4 dipole ding xép thanh 2
cap dé truc cua cap th nhét vudng goc vdi truc cua cap thir 2. Toa do
Dé Céc cua cac dipole va pha cta dong kich thich cua chung mé ta
nhu sau:
S6 1 (0, -dy/2, 0), 0 radian; s6 2 (0, di/2, 0), 7 radian; s6 3 (d2/2, O,
0), 7 /2 radian; s6 4 (-d2/2, 0, 0), 37 /2 radian.

Suy ra, hé sb dan cuaa cip dipole thir nhat, AF,,, biéu dién 1a

AR, =21, i?sin(Csing) (3.47)

trong do |, la bién d§ cua d(‘)ng2ki0h thich va 6 1a goc phuong vi.

Tuong tu, hé sb dan cua cap dipole th hai 1a

AF,, :2I0jzsin(’87dzcosé’)

(3.48)
bic tinh pha cua hé anten la
AE sin(ﬂsin 0)
®(0) = artg| |—22| | = art (3.49)
) -ang [ A% | -ang

sin(—2cos@
( > )



Noi chung, ®(#)1a mot ham phi tuyén theo . Néu chon
d, =54, d,=31taco

sin(57sin 49)} (350)

©0)= angLin(?w cosd)

Day rd rang ciing 1a mot ham phi tuyén theo 6.

3.6 Két hop dung dan anten khong tim pha va thuit toan
MUSIC (Multiple Signal Classification)

Trude tién s& md ta ciu trac dan anten bao gdm hai phén tir.
Chung t6i d& xudt phan tir thir nhit 14 mot don cuc (monopole) va
nhu vay dic tinh pha ciia n6 1a khong thay dbi (déng pha).

Chung t6i dé& xuét phan tir anten thtr hai 1a dan anten khong
tam pha (viéc phan tich chi tiét kiéu phin tir ndy dd moé ta & muc
3.5.5) v6i dic tinh pha ctia phan tir thir hai duge mé ta & Hinh 3.6.

Mot diém quan trong 1a dic tinh pha cia anten thir nhat va

hai déu dugc biéu dién la cac ham cia géc phuong vi. C6 nghia la

®,(0)=C, V0e(0,27) (3.51)
®,(0)=Dd(0), YOe(0,27) (3.52)

Hinh 3.6 Pac tinh pha cua phd‘n tie thir hai trong hé toa do cuc
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Tiép theo s& phan tich viéc sir dung dan anten dé xut nay két
hop véi thuat toan MUSIC dé xac dinh hudng cac ngudn phat song:

Thay vi sit dung mot dan anten L phan tir tuyén tinh cach
déu, d& nghi dung mot dan anten 2 phan tir két hop dich pha va liy
mau phan tir thr hai theo thoi gian L-2 1an. Véi cdch lam nhie vy déi
Vv6i phan tir thir 2 ¢6 ddc tinh pha phi tuyén sé hinh thanh mét ma
trdn dan ¢é hang L twong tw nhw ma trdn dan truyén thong (sir dung
dan anten L phan tir tuyén tinh cach déu).

Céc bude xir Iy tin hiéu tiép theo hoan toan tuong tu nhu
phuong phap MUSIC truyén théng.

Vi ma tran tu twong quan dau ra cta dan anten dong hang véi
ma tran dan, do d6 khi chéo hoa né ta s€ c6 dugc L gia tri riéng,
A4, A, A, Trong sb cac tri riéng nay chung ta s& tim duoc D tri
riéng khong Am, twong tmg véi D ngudn phat séng. Két qua nay hoan
toan tuong dwong véi két qua sir dung mot dan anten L phén tir tuyén
tich cach déu.

Trong dan anten L phan tir tuyén tich cach déu, thi khoang
cach giita cdc phan tir nhé hon hodc bang A/2. Déi v6i dan anten 2
phan tir két hop di pha va ldy mau theo thoi gian thi luong di pha
tuong (mg trong mdi 1an dich pha s& nhé hon hodc bang 7 .

Vi cc phdn tir sau phan tir thir nhat cta véc-to huéng duoc
xdy dung trén cic mau do thoi gian khac nhau cia dic tinh pha cia
phan tir anten thir hai nén véc-to huéng hiéu chinh nhu & cong trinh
s6 [2] tré thanh

ay () = {Lexp(— j g (8)),...exp(~ jg (6,))} (3.53)

Sau khi thay thé véc-to huong thong thuong bang  véc-to
hudng hiéu chinh thi phé MUSIC hiéu chinh tré thanh

P, () = (3.54)

ay (O)V,V,'ay (6)
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3.7 M6 phéng danh gia chit lwgng ciia phwong phap
MUSIC dung dan anten khong tam pha.

Gia thiét c6 3 ngudn tin hidu diéu ché theo mot phuong thirc bat ky
nao do, dat ¢ cac hudng : 0.2, 1, va 2 radians. Mirc tin trén tap cua cac
ngudn nay la bang nhau va bang 20 dB (SNR;=SNR,=SNR;=20dB).
Dung 2 dan anten dé so sanh. Dan thir nhat 13 mot dan anten khong
tam pha 2 phan tir (dan anten d& nghi), dan thir hai 1a mot dan tuyén
tinh 3 phﬁn tu. Cac budc xur 1y tin hiéu da dugc mo ta trong muc 3.6,
chiing t6i dat duogc cac két qua mo phong sau:

- Ca hai dan anten déu c6 thé phat hién cac ngudn tai cac
huéng 1 va 2 radians. Cac dinh phé cua dan anten dé nghi va dan
anten tuyén tinh 1a xap xi 30dB va 40 dB (Hinh 3.7).

- Thuat toan MUSIC chi c¢6 thé phat hién t6i L-1 ngudn trong
dan anten L phin tir (dan tuyén tinh 3 phan tir chi phat hién duoc 2
ngudn). Song dan anten dé& nghi c6 thé phat hién thém ngudn tai
huéng 0.2 radians trong khi dan anten tuyén tinh truyén thong thi
khong thé (dan 2 phan tir c6 thé phat hién dugc 3 ngudn).

- Mot cach tong quat nhu da giai thich & muc 3.6 dan anten
dé nghi c6 thé phat hién D ngudn khi sé phan tir cia dan anten nho
hon D. V& nguyén tic, sb ngudn phat hién dugc khong gidi han boi
s6 phan tir ciia dan anten (Hinh 3.7 va 3.8).

- Chat lugng ciia dan anten dé nghi phu thudc vao goc quay
ctia anten khong tim pha c6 didc tinh pha phi tuyén. Khi goc quay 1a
0.1 va 0.5 radians, dinh phd cia dan anten dé nghi 1a 30dB (Hinh
3.7). Khi géc quay 14 0.5 va 0.8 radians dinh phd cia dan anten dé
nghi 1a 35dB (Hinh 3.8).



Pho MUSIC voi dan anten tuyen tinh va dan anten de nghi(dB)
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Hinh 3.7. Phé doi véi nguon tai 0.2, 1 va 2 radians trong
mdt phang phwong vi. Duong lién nét la véi dan tuyén tinh
va duwong dut nét la voi dan anten khong tam pha. Goc
quay cua anten khong tdm pha la 0.1 va 0.5 radians.
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Pho MUSIC voi dan anten tuyen tinh va dan anten de nghi(dB)

Goc quet(Radians)

Hinh 3.8. Phé clia ngué‘n tai 0.2, 1, va 2 radians trong mdt
phdng phuong vi. Puong lién nét la véi dan anten tuyén tinh
va dwong dut nét la voi dan anten khong tam pha. Goc quay
cua anten khong tdm pha la 0.5 va 0.8 radians.



3.8 Két ludn

Mic dii phwong phap MUSIC tim huéng song dén rat hiéu qua,
tuy nhién sb muc tiéu t6i da ma thuat toan nay c6 thé phat hién duoc gisi
han boi sb phﬁn tir cua dan anten (sé muc ti€u phat hién duoc la L-1 muc
tiéu khi dung dan anten L phan tir tuyén tinh cach déu).

Chung t61 dé xuét sir dung mot hé tim hudng mdi, trong do
ding anten hai phan tir va thuat toan MUSIC. Phan tir thir nhat déng
pha, phan tir thir 2 khéng c6 tm pha va c6 dic tinh pha phi tuyén.

Céc két qua phan tich va mo phong cho thay hé tim hudng
nay lam viéc tét.

Do phan tir thtr hai ¢6 dic tinh pha phi tuyén, néu 1dy miu
n6 L-2 lan trong khong gian, s€ dugc mot tap dir li€u tuong duong
v6i viée str dung mdt dan anten tuyén tinh L phan tir cach déu. Vi ma
tran dan c¢6 hang 1a D, nén ta c6 thé phat hién dugc D muc tiéu. Noi
cach khac 1a s6 muc tiéu phat hién dugc vé nguyén tic s& khong bi
giéi han boi s6 phan tir ciia dan (0 day chang t6i dung anten co 2
phan tir ma c6 kha nang phat hién D muc tiéu).

Céc dong gdp méi ctia hé tim hudng duoc thé hién trén
ba diém.

Piém thir nhdt 1a vé mat cau trac dan anten, hé tim hudng
ctia chiing ti ¢6 cdu triic dan anten hai phan tr don gian hon nhiéu
cdu tric dan anten tuyén tinh L phan tu.

Piém thir hai 13 vé s6 lwong muyc tiéu co thé phat hién dugc.
Theo 6, sé lwong muc tiéu phat hién duoc khong bi gioi han boi sb
phan tir cia dan anten sir dung.

Piém thir ba 36 1a vé chat luong du doan, cac tinh toan va

mb phong di chimg minh rang chét luong du dodn hudng séng dén
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clia chung toi tuong duong nhu chat lwong cta phuong phap MUSIC
truyén thong,

Két qua khoa hoc lién quan da cong bé 14 cong trinh s [2].

Chuong 4

ANTEN THONG MINH DUNG CHO HE THONG TIN DI PONG
THE HE MOI

4.1 Anten thong minh & tram goc

4.1.1 Anten & tram gbc truyén thong

Céu triic mot tram BTS truyén théng nhu ¢ Hinh 4.1. Anten
dugc dat trén 3 canh ciia mdt tam giac déu (trén hinh chi vé mot
canh). Mdi mét canh s& phuc vu mot séc-to 120°. Trén mdi séc-to, cd
Tx; va Rx; dung dé phat va thu théng tin con RX, va Rx; dung dé xac
dinh huéng séng dén.

RX3

Rx; Txyva Rxy

Hinh 4.1 Cdu tric dan anten BTS cii

4.1.2 Anten thong minh & tram goc

4.1.2.1 Anten thu va phat

Ching toi dé xuat ding anten thir nhat 1a mét dipole dat &
tam cua tram géc, ky hiu la Tx; va Rx; nhu trén Hinh 4.2. Anten thu
hai 14 cac dan anten mang pha bang rong L phan tir (thuong tir 4 dén
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8 phﬁn tr) dat & ba canh ctia tram géc, ky hi€u la Tx, va Rx, nhu trén

Hinh 4.2. Ca hai anten déu 1am viéc & ché d6 song cong.

4.1.2.2 H¢ anten tim hwéng cia tram gbc

Anten khong tam

pha dung dé xac

S dinh hudéng song

I" | \I dén, dat tr@n dinh
cua tram goc.

Monopole — l
(don cuc) l I

I <«—  TxyvaRx; (dipole)

TX> va Rx»
(la anten mang pha L phan tir)

Hinh 4.2 Cdu triic dan anten BTS mdi

Chung toi dé xuat dung hé tim huéng dé xac dinh hudng
song dén gom hai phan tir va thuat toan MUSIC nhu miéu ta & muc
3.6. Dan anten nay dat trén dinh cua tram goc (Hinh 4.2).

4.3 Cac hé thong cu thé va mé phong

4.3.1 H¢ thong hién dung cai tién hd tro OFDM (hé thong 1)

Céc anten dugc dat trén 3 canh cia mét tam gidc déu. Anten
trén mdi canh sé& bao phu mot séc-to rong 120° va hoat dong & ché do
song cong. Trong hé théng OFDM goi 1 hé SISO-SECTOR-OFDM.

4.3.2 H¢ thong hi¢n dung cai tién h§ trg OFDM va tao
buip séng thich nghi theo hwéng ngudi dung (hé thong 2)

Khac véi hé thong 1 anten trén mdi canh 13 anten mang pha
bang rong c6 thé tao ra mot bup song chinh ¢ d6 rong 60° hoic (30°,
15°). Bup song ndy c6 thé bam theo muc tiéu (vi tri c6 mat do nguoi

12



ding cao nhit trong mot séc-to 120°) dwa trén két qua du doan hudng
song dén dung dan anten khong tim pha va thuat toan MUSIC. Trong
hé thong OFDM goi 14 hé SISO-ADAPTIVE-OFDM

4.3.2.1 Cac tinh toin dung lrgng cho dwdng 1én h¢ thong 2

Gid thiét bai todn:

Xét cau truc té bao hinh luc gidc déu va hai 16p té bao dau
tién xung quanh té bao trung tim (sé lwong té bao khao sat, M=18).
Cac tram géc dat tai tAm cua céc té bao. Mdi séc-to c6 toi da K nguoi
dung hoat dong. Mau st dung lai tan s6 1a 3x3x1.

C6 didu khién cong suét trong mdi té bao dé cong suét phat
mdi ngudi ding 1a P. Suy giam cong sudt theo cu ly duoc coi 1a tudn
theo luat Lognormal, phuong sai, o, =8 dB.

Hé théng thong tin di dong OFDM hd trg nhiéu kiéu da truy
cap. Luan an xét vi du truong hop da truy cap theo khong
gian(SDMA) xem nhu mdi ngudi dung trong mot séc-to sir dung N
song mang va déu c6 kha ning cing mot lic truy cip vao hé thong
theo cac phuong khac nhau, khoang cach khac nhau.

Anten ¢ tram gdc 1a anten méang pha bang rong L phan tir cach
déu (4 dén 8) véi do rong bup chinh khoang 30°. Hé tim huéng ding dan
anten khong tm pha va thuat toan MUSIC (da trinh bay & Chuong 3).

Anten ciia ngudi dung chi yéu cau 1a anten vo hudng.

Thong tin vé huéng dén ciia muc tiéu tir hé tim huéng BTS
ding dé diéu khién bip song chinh cta dan anten mang pha trén mdi
sector bam theo muc tiéu (¢ ddy chinh 1a vi tri c6 mat do nguodi dung
cao nhét trong sector).

Tir d6, ta tinh toan xac suit vuot ngudng 1a ham s cua sd
ngudi dung va do rong bip song anten voi mirc BER=10" (dé dap
{mg kha nang truyén tin hiéu hinh anh) nhu sau.
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Tin hiéu dau vao mot tram goc sau khi qua anten 1a :

JEN—l

X(t) = Wz X, COs @, (t—7,)a,
n=o
P 4.1
+£Z X2\ C0S @, (t — 7, )a (4.1)
N k=1 n=0
ﬁ M K-1N-1
Wz By Xy COs @, (t—17, )a, +mn(t)
m=1k=0 n=0

trong do

- P 1a cong sut phat dbi voi mdi nguoi dung.

- K 1 s6 ngudi dung hoat dong trong mét séc-to; N 13 sé séng mang
ma mdi ngudi ding sir dung (N=2, 8, 16, 32); M 1a sb luong té bao
trong mo hinh bai toan (M=18).

- X 1a dit lidu dau vao ciia ngudi ding thir k déi véi song mang thi
N tai té bao thtr m.

-a, 1a véc-to hudng cta dan anten d6i v6i nguoi dung thir K tai té bao
trung tam. akm 1a véc-to hudng cua dan anten ddi véi ngudi dung thu
K tai té bao thi m.

-7, 14 tré tir ngudi ding thir k vao tam té bao.

ﬂU\

‘“k “ trung tam;

2 ]a ty so cong suat nhicu dong kénh cua

« > nguoi dung tha K, tir té bao thir m vao té bao

-1," 12 khoang cach tir ngudi ding thir k trong té bao thir m vao té bao
trung tam; Ha,in Hz tuan theo Iuat Lognormal vo&i phuong sai,
o, =8dB.

-1(t) 14 tap Am tuan theo phin bd Gauss véi trung binh bang khong,
phuong sai, o
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Sau khi lay FFT ctua x(t), dit liéu thu dwoc tir ngudi dung
thir 0 (ngudi ding mong mudn) tai song mang thir n & té bao trung

tam la
J_
z (n)_ N no a, + ankak
p M K1 N
£22ﬂk Xnk8, +€(N)

N mik (42)

Dung anten mang pha thi bién d¢ céac trong so doi voi cac
song mang (subcarrier) 1a nhu nhau, nén sau khi nhan voi trong so va

cdng chung lai ta co

N -1 K
z_zxn oo +_zzxn K
n=o0 k=1
N—l M K-1 4.3
TS S e, e )

n=o m=1 k=1
Z,=Sa,+1,+1,+¢

trong d6 1., 1,1a nhidu dong kénh tir cac nguoi ding trong té bao
trung tAm va tlr cac nguoi dung trong cac té bao xung quanh.

Qua trinh du doan a,: ¢ day viéc du doan a,dugc thuc hién
dung hé tim hudng da gidi thiéu ¢ Chuong 3.

Trong trudng st dung anten thong minh, thi dan anten c6 dap
mg don vi theo huéng muc tiéu, hay laal'a, =1. Dung gi4 tri a,du
doan duoc va tinh chat trén cua dan anten thong minh thanh 1ap bién

quyét dinh: d, =z,al
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NlK

JP
d, =S, +— N D> x

n=0 k=1
[5) N-1 M K-1 H H
m
203 W e )
n=0 m=1 k=1
M-1K-1

K-1
d, =S, +>_lala +
k=1
d,=S,+n +n,+n,
Phuong sai cta n; va n, dugc tinh nhu sau

H H
Z Ikma0 a, +ea,

1 k=1

3

HM

[

M-tk
var(n,) = Pzzﬂkzm
k=0

m=1 k=

(4.5)
[

trong do:
- I3 12 ty 18 cong suét nhidu trén tin hidu tai t& bao trung tim

- 1412 ty 1€ cong suat nhicu trén tin hi¢u tai cic té bao xung

quanh.
Xét ty sb nang lugng bit trén mat do nhiéu va tap am nhu sau
B, _ P ! (4.6)
N, +1, o’ o’

—+Pl;+PI, EHSH“
AL X A 14 5 \ Eb
Yéu cau vé chat lugng BER > 10 hay la IR >6dB=S
0+ o

dé dap mg duoc kha ning truyén tin hiéu hinh anh.
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E,

P, =Pr(BER > R,) =Pr( <S)
N, +1,
1 1 o? (4.7)
=Pr(——<S8)=Pr(l;+1,>=——
(U2 )=Prly+1,><=15)
—+ 1+,
LP

Ta suy ra la xac suat vuot ngudng la mot ham so ctia hai bién
so Iyval,.

Xét tai toi da cho mét séc-to : K nguoi dung hoat dong. Vi so
lugng cac nguon nhiéu do cac ngudi dung khac nhau 1a ngau nhién

R 2 . A 4 X .« A
nén co thé thay aoHakH trong |;,1,boi mét bién ngau nhién

Bernoulli, y, . Bién nay c6 x4c suit xuét hién p.

1p
<70 g=1- (4.8)
Tirdé |, viét lai la K,lq =i=p
;=2 7 (4.9)
k=1

Tasuyra |, co phan bd nhi thirc v6i tham s6 (K-1, p).

Tinh p:

Ta gia thiét ngudi dung phan bd thanh cic cum trong mot té
bao. Pdng thoi ciing hop 1y néu gia thiét 1a phan bd cum cia ngudi
ding theo goc trong mdi séc-to tuan theo phan b Gauss, trung binh
bang m; phuong sai, 6.

Tai thoi diém ban ddu quan sat, vi tri trung binh & giita cta
séc-to (truong hop 1). Vi mdi séc-to bao phit mot goc 120° nén ta co
m=60°, /o =60°. Suy ra xac suét vi tri trung binh roi vao bup séng
chinh cta anten nhu & Bang 4.3. Trong truong hop nguoi dung phan

b déu trong séc-to, thi ta s& ding anten vo hudng.
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Bdng 4.3 Xdc sudt vi tri trung binh, truong hop 1

D6 rong bup chinh 60 do 30 do 15 dé

P Q(0) Q(0.5) Q(0.75)

Vé6i Q(X) 1a ham 16i x4c dinh nhu sau

Q) = Je " "dy

Trén thyc té, vi tri trung binh c¢6 thé di chuyén ngiu nhién
trong pham vi mét séc-to quan sat. Chung toi xét truong hop, trung
binh di chuyén dén canh cua séc-to (trudng hop 2).

Liic nay thi m=120° /o =60°. X4c sudt ma vi tri trung binh
nim trong bup song chinh cua anten nhu & Bang 4.4.

Bdng 4.4 Xdc sudt vi tri trung binh, truong hop 2

D§ rong bup chinh | 60 do 30 do 15 do
D 1-2Q(0.5) | 1-2Q(0.25) | 1-2Q(0.125)

Vi gia thiét vé g, tasuyra |,co thé viét lai la
M-1K-1

I, = ZZZkIBkZm (4.10)

m=1 k=1
Dbi voi mot s6 1on nguoi dung, bién ngiu nhién I, (chiu
nhidu tir KM ngudi ding) 6 thé xap xi boi mot bién Gauss véi trung
binh 1, K va phuong sai 67K (1,0, phu thudc vao p, phuong sai
bong che o, va s té béozgéy nhiéu M).
Néu goi 6 = é—f—P thi xac suat vuot ngudng duong lén Hé 2
nhu & cong trinh [6]
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K-1
P, =Y Pr(l,>5—k|l, =k)Pr(l, =k)

v
k=0

K1/ K 1 S—K— 1K (4.11)
K -1k —K=
P, = Z(k jp 1- P QAT
k=0 Oy
Két qua mo phong xac suat vuot ngudng dudng 1én Hé 2 cho
boi Hinh 4.7, Hinh 4.8 va Bang 4.5.

Xac suat vwot ngwéng dwong lén, TH 1, N=2,8,16,32

1 4

100 200 400
Pr(BER<104-5)
0.1
/ / ——15d5
001 —=—30d%
./ 120 d
60 do
0.001 /

0.0001

S6 nguwoi dung /séc-to

Hinh 4.7 Xéc sudt vieot ngueong dwong 1én Hé 2,
truong hop 1, N=2, 8, 16, 32, 6=30.
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Xac suat vwot ngwéng dwong lén, TH 2, N=2,8,16,32

1

B B
1 200 300 40
Pr(BER<10¢-5)
0.1

/ —— 1549
—=—30d6

120 d6

60 do

0.001

S6 nguwoi dung /séc-to

Hinh 4.8 Xdc sudt vweot nguong duong lén Hé 2,
truong hop 2, N=2, 8, 16, 32, 6=30.

Tir cac két qua trén ching toi suy ra 1a Hé 2 c6 dung luong
cao hon Hé khoang 3 1an. Tang dung lugng trong trudng hop 2 kém
hon & truong hop 1 vi truong hop 2 13 trudng hop x4u nhat (khi

nguoi dung nam ¢ canh cia séc-to).

Bdng 4.5 Dung lwong dwong lén hé thong OFDM/SDMA ding cdc

loai anten khac nhau.

Loai Anten S6 nguoi dung tdi da trong séc-to
Séc-to 35
Théng minh (Btp chinh rong 60°) 75

Théng minh (Biip chinh réng 30°) 120

Théng minh (Btp chinh rong 15°) 230
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4.3.2.2 Cac tinh toan dung lwong dwong xudng hé thong 2

Céc tinh toan dung luong cho dwdng xudng Hé 2 twong tyr
nhu céc tinh toan dung lugng dudng 1én Hé 2. Két qua md phong xac
sudt vuot ngudng dudng xudng Hé 2 cho bsi Hinh 4.9, Hinh 4.10 va
Bang 4.6.

Tir két qua nay ta ciing c6 két luan 1a Hé 2 c¢6 dung luong

duong xubng cao hon Hé 1 khoang 3 1an.

Xac suit virgt nguwdng dwong xudng, TH 1, N=2,8,16, 32

0 10% ZMOO 400
0.1 ——15d%
Pr(BERx10e-5) —5-30do
60 do
0.0% i / 120 do
0.00%

A4

S6 nguwoi dung /séc-to

Hinh 4.9 Xdc sudt vieot nguong dwong xuon Hé 2,
truong hop 1, N=2, 8, 16, 32, 6=30.
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Xic suét virgt ngudng dwong xudng, TH 2, N=2,8,16,32

1+— T A L L L AR A
0 0 200 300 400
Pr(BER<10e-5) 154
-8-30d6
0.1
/ 60 do
120 do

0.0F

S6 nguwoi dung/séc-to

Hinh 4.10 Xdc sudt vieot nguéng dwong xuong Hé 2,
truong hop 2, N=2, 8, 16, 32, 6=30.

Bdng 4.6 Dung lirong duwong xuong hé thong OFDM/SDMA diing cdc

loai anten khac nhau.

Loai Anten S6 nguoi dung ti da trong séc-to

Séc-to 30
Thong minh (Btp chinh rong 60°) 60

Thong minh (Bup chinh réng 30°) 110

Théng minh (Bup chinh rong 15°) 200

4.3.3 Hé théng hién dung cai tién h§ trg OFDM va
MIMO 2x2 (h¢ thong 3)

Ngodi cac anten trén 3 canh tam gidc déu nhu hé théng 1, ta
bd sung thém mot anten vo hudng (thu phat song cong) ¢ tim tam

gidc déu phdi hop phuc vu cho ca 3 canh. Nhu vdy theo hudng cua
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modi canh ta c6 hé MIMO 2x2 (ngudi dung ciing doi hdi c6 2 anten).
Trong hé théng OFDM goi 1a hé¢ MIMO 2x2-SECTOR-OFDM.

4.3.4 Hé théng hién dung cai tién hé trg OFDM va
MIMO 2x2 két hop tao biip song thich nghi (h¢ thong 4)

Ta bd sung anten v6 hudng & tim tam gidc déu vao hé thong 2
hay 13 két hop k¥ thudt tao bip ctia anten trén mdi canh cing su phdi
hop ciia anten v6 hudng & tim tao nén hé MIMO 2x2. Trong hé théng
OFDM chiing t6i goi hé nay 1a hé MIMO 2x2-ADAPTIVE-OFDM. Hé
anten nay co thé dung lam anten tram géc cua thé hé di dong thu 4, bd

sung cho cac anten cta thé hé di dong hién hanh san c6.

C. KET LUAN
Lu4n 4n nghién ciru va xay dung md hinh st dung két hop k¥
thudt anten théng minh vao hé thong thong tin di déng hién hanh va
d3 dat duoc nhitng két qua méi sau:
- Xay dung mot hé tim hudng méi (chuong 3) dung anten hai
phan tir. Phan tir thir nhat 13 mot don cuc vo hudng. Phan tir thir hai
khong c6 tam pha va cé dic tinh pha phi tuyén. Khi két hop véi
thuat toan MUSIC thi hé tim huéng niy c6 kha ning phat hién sd
muc tiéu khong bi gidi han béi sb phan tir ciia hé (¢ day 1a hai phan
tr). Tuy nhién dé phat hién duogc s6 muc tiéu nhu cua dan anten
tuyén tinh cach déu L phan tr, phai tién hanh lay mau trong khong
gian L-2 1an nira dé duoc tap dir liéu twong dwong.
- Dé xuit mo hinh két hop anten thong minh (13 anten diéu khién
bup séng theo hudng séng téi) vao hé thong tin di dong OFDM dé tao
nén hé thong t6 hop OFDM/SDMA vdi 4 cau hinh cy thé:
e H¢l: SISO-SECTOR-OFDM
e H¢2: SISO-ADAPTIVE-OFDM
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e H¢ 3: MIMO 2x2-SECTOR-OFDM
e H¢ 4: MIMO 2x2-ADAPTIVE-OFDM
Két hop tinh toan va mé phong di chimg minh duoc ring:
e Dung luong cia Hé 2 cao hon Hé 1 khoang 3 lan.
® Dung nang kénh ctia Hé 3&4 con cao hon cia H¢ 1&2 vi
dung thém ky thuat MIMO.
e H¢ 2 dung phuong phap quay bup thich nghi, don gian hon
so v&i thuat toan LMS.
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