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Dé &n Tét nghigp Pai hoc Chuwong 1. Téng quan vé thong tin di déng CDMA

LOT NOI PAU

Trong nhitng thap nién gan day, cing véi sy phat trién vuot bac vé khoa
hoc k¥ thuat, nhitng nha nghién citu da khong ngung dua ra nhirng phuong
phap truyén tin méi, hiéu qua va tién dung hon dap ang nhu cau thdng tin ngay
cang cao cua con ngudi. Phuong phép truyén dan di dong 1a mot trong nhimng
phuong phép tiéu biéu. Céc thé hé truyén dan di dong lién tuc ra doi va thay thé
cdng nghé cii, ban dau I1a cdng nghé da truy nhap phan chia theo tan s6 FDMA
cuia thong tin di dong thé hé thir nhat. Khic phuc nhitng han ché cua thé hé thi
nhat, hé thong thdng tin di dong GSM d4 ra doi va phét trién rong réi véi nhiéu
uu diém vuot troi. Tuy nhién, hé théng GSM van chua dap tng duoc yéu cau la
mot hé thong théng tin thich hop voi ca truyén dan thoai va dir liéu, lai tiét
kiém bang tan truyén dan. Mot yéu cau méi dat ra 1a phai c6 mot hé thong
thdng tin méi voi nhimg tinh nang wu viét hon hé théng GSM. Hé thong
CDMA ra doi véi ki thuat da truy nhap phan chia theo ma cho phép nhiéu
ngudi str dung dung chung maot dai tan truyén dan, véi toe do truyén dan cao da
chtng t6 vi tri va tinh wu viét caa nd. O Viét Nam, cdng nghé CDMA dang
duoc khai thac va dang rat duoc quan tdm. Tuy nhién, su phat trién cua cong
nghé hién dai ludn ludn doi hoi phai cé nhitng séng tao méi, vi thé ma nguoi ta
khéng ngimg cai tién hé thong théng tin di dong CDMA dé ting thém nhiing

tién ich cho hé thng.

Mot phuong phap rdt dwoc quan tam 36 13 sie dung thiét bi thu phét
théng minh. Hé thong anten thong minh 1a mot sw hea chon khd hop Iy cho cac
nha nghién ciru ciing nhu khai thac hé thong. Gian anten thich tng 1a mot loai
anten thong minh cho hiéu qua truyén dan kha cao. Trién khai gian anten thich
{rmg cho hé théng thong tin di dong CDMA 1a mot lira chon kha phtl hop. Vi vay

né rat can dugc nghién ctiru mot cach c6 hé thong va duge phd bién rong rai.

La mot sinh vién chuyén nganh Dién tir - vién théng, véi mong mudn tim

hiéu sau hon vé viéc ing dung hé théng anten thdng minh va gép phan vao
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cdng cudc xay dung ciing nhu phat trién nang cao chit lugng truyén dan di
dong & nudce ta thdng qua viéc tmg dung anten thdng minh, tdi d4 quyét dinh
lya chon dé tai “Ung dung gian anten thich wng cho théng tin di dong

CDMA” lam dé tai d6 &n tét nghiép ciia minh.

pé tai “Ung dung gian anten thich ung cho théng tin di dong
CDMA” bao gom phin m¢ dau, két luan va phan noi dung dd an véi gan 80
trang duoc chia lam ba chuong:

> Chuong I Tdng quan vé thdng tin di dong CDMA

> Chuong II Tong quan vé gian anten thich tung.

> Chuong III Gian anten thich tmg cho hé théng CDMA.,

Pé thyc hién d6 an tét nghiép nay, ching t6i ¢4 sir dung nhiing kién thirc
duoc trang bi trong 4 nam dai hoc va nhiing kién thirc chon loc tir cac tai liéu
cuia c4c thay gi4o, cd gi4o trong va ngoai hoc vién. Ngoai ra, dd an con sir dung

nhitng tai liéu vé anten thong minh da dugc phd bién rong rai trén Internet.

Mic du d4 rat c6 gang, nhung do han ché vé thoi gian ciing nhu nhimng
hiéu biét c6 han ciia mot sinh vién nén dé an khong tranh khoi thiéu sot. Bé db
an duoc hoan thién hon, ti rit mong nhan duoc céc y kién dong gop cua cac

thay gido, cd gi4o ciing nhu céc ban sinh vién.

Trong qué trinh thuc hién dd &n, tdi d4 nhan duoc su gidp d& nhiét tinh
tir phia cAc thay gido, cd gido. Qua day, t6i xin gui 1oi cam on chan thanh téi
cac thay cd gido trong Bo mon Vo tuyén va cac thay cd trong Hoc vién cong
nghé Buu chinh Vién thong va dic biét la co gido, thac sy Pham Thi Thuy
Hién da gitp d& va hudng dan tdi hoan thanh ban d6 &n nay.

Em xin chan thanh cam on!

Ha Noi ngay 22 thang 10 namg 2005

Sinh vién Vi Xuan Pai
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” ~ CHUONGI
TONG QUAN VE THONG TIN DI PONG CDMA

1.1. So lwge vé hé théng thdng tin di dong

1.1.1. Qua trinh phat trién

Thé ky qua d& chung kién mot sy thay d6i Ion trong sy phat trién cua
cdng nghé truyén tin. Cac cong nghé méi lién tuc ra doi thay thé cong nghé cii
Vv6i nhiéu vu diém vuot troi. CO thé ndi sy ra doi cua thong tin di dong 1a mot
budc dot pha Ién trong cdng nghé truyén tin. Lich st phét trién caa théng tin di

dong duoc thé hién mot cach so luoc trong hinh 1.1 [3 /6]
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Hinh 1.1 Qua trinh phat trién cta cac hé thong thong tin di dong

Lan dau tién xuat hién vao nam 1920 trong cac co quan quan sy Hoa Ky,
chiéc may di dong ltc d6 1a phuong tién lac giit cac don vi trinh sat, mai dén
nam 1960 né maéi thuc sy duge phat trién thanh mot hé thong sir dung duoc.

May dién thoai di dong IGc nay rat it tién ich va c6 dung lugng rat nho.
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Mang dién thoai di dong dau tién dugc dua vao thuong mai hod 1a vao

dau nhitng nam 1980, hé théng thong tin di dong nay sir dung cong nghé da

truy nhap phan chia theo tin sé (FDMA), va st dung k§ thuat truyén dan tuong

tu (Analoge). Hé thdng ndy dugc trién khai & Bic My voi tén goi 1a AMPS

(Analoge Mobile Phone System), va vé sau ndy duoc goi la hé thong thong tin
di dong thé hé thir nhat (1G).
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Hinh 1.2. Cac thé hé thong tin di dong

Ngoai AMPS, Thé hé thong tin di dong tha nhat gdom c6 cac hé thong da

duoc khai thac nhu:

- TACS (Total Access Communication System): Hé théng thong tin di

dong truy nhap toan bo.

- NMT450 (Nordic Mobile Telephone 450): Hé théng dién thoai di dong
Béic Au bang tan 450 MHz.

- NMT900: Hé théng thdng tin di dong Bic Au bang tan 900 MHz.
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- NTT (Nippon Telegraph and Telephone): Hé thng dién thoai va dién
b4o do Nippon phat trién.

Do nhirng han ché cua cdng nghé da truy nhap phan chia theo tan sb
(FDMA) nhu: han ché vé& dung luong, tan s6, chat lwong, kha nang truyén
dan... d& thic ddy cac nha nghién ctru dé tim ra mot ky thuat truyén tin véi
phuong phap da truy nhap méi khic phuc nhitng han ché trén. Puoc phat trién
tir nam 1982 véi tén goi ban dau 1a “Nhém dic trach di dong” (Group Special
Mobile) danh diu mot bude phat trién méi trong truyén dan di dong bang viéc
sir dung cdng nghé sé bang thap. Hé théng GSM sir dung ca hai cdng nghé da
truy nhap FDMA va TDMA va dai tan sir dung 1a 900 MHz. Hé thong thong tin
di dong nay duoc goi 1a hé thong théng tin di dong thé hé hai (2G). Hé thong
2G d4 va dang phét trién rat manh véi nhiéu wu diém vuot troi so voi hé thdng
1G.

Céc hé théng str dung cdng nghé cua thé hé 2G la:

- 1S-54 TDMA (Interim Standard 54 TDMA).

- 15-136 TDMA.

- GSM (Global System for Mobile Communication): Hé thong thong

tin di dong toan cau.

- PCN (Personal Communication Network): Mang thong tin ca nhan.

- CT-2 (Cordless Telecommunication): Dién thoai khéng day.

- DECT (Digital Enhanced Cordless Telecommunication): Vién thong

khong day s tién tién.

- PDC (Personal Digital Cellular): Hé thong t6 ong sé c& nhan.

Ngoai ra con cd cac hé théng nhin tin clng ton tai song song nhu:
POCSAG, ERMES.

Viéc Gmg dung cac két qua nghién ciru moi da gilp céc nha khai thac dich

vu vién thong cai thién dang ké van dé truyén dan cia minh. Hé thong GSM,
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PDC va céc hé théng sa dung TDMA khac d& phat trién cong nghé 2G+ (hay
thé hé 2,5G), dua trén chuyén mach géi va va ting toc do truyén sd liéu 1én téi
384kbps. Cac hé théng 2G+ dya trén céc céng nghé: HSCSD (High Speed
Circuit-Switched Data), GPRS (General Packet Radio Service) va EDGE
(Enhanced Data Rates for GSM Evolution).

Hé thong thong tin di dong thé hé ba (3G) 1a sy hoi tu ciia nhiéu hé thong
vién thong vo tuyén 2G trong mot hé thdng toan cau bao gdm ca cac thanh
phan vé tinh va mat dat. LA mot hé thdng tng dung cong nghé CDMA, 1am viéc
& dai tan 2 GHz cho phép cung cép rat nhiéu dich vu téc do thap ciing nhu toc
d6 cao. Mot trong nhitng dic diém quan trong cia 3G 1a kha ning théng nhat
c4c tiéu chuan 6 nhu CDMA, GSM, TDMA. C6 ba phuong thic dat duoc két
qua nay la WCDMA, CDMA2000 va UWC136 (Universal Wireless
Communication)

CDMAZ2000 tuong thich v6i CDMA thé hé hai 1S-95 phﬁn 16n da duoc
st dung & My.

UWC, con duoc goi 1 IS-136HS, dd dugc dé xuét bai TIA va thiét ké
theo chuan ANSI-136, mét tiéu chuan TDMA Bic My.

WCDMA twong thich véi mang 2G GSM pho bién ¢ chau Au va da
phan chdu A. WCDMA sir dung bang tan 5SMHz va 10 MHz, tao nén mét nén
tang thich hop cho cac nhiéu Gmg dung. N6 co thé dit trén cdc mang GSM,
TDMA hay 1S-95 san c6. Mang WCDMA s& duoc st dung cho cac ung dung
toc do cao va cac hé thdng 2G duge s dung cho cac cudc goi thoai thong

thuong.
1.1.2. Ciu triic chung ciia h¢ thong thong tin di dong
1.1.2.1. M6 hinh h¢ théng thong tin di dong

Hé théng thdng tin di dong co thé hiéu 1a mot tap hop cac phan tur vat ly
thuc hién cac chac nang vé thu, phat, truyén dan va tuong thich gitra cac phan

tir véi nhau. Hau nhu tat ca cac thiét bi nay déu duoc chuan hod, vi vay ma nha
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cung cap dich vu va ngudi sir dung c6 thé dung cac thiét bi cua nhitng hdng

khac nhau dé truy nhap vao cing mot hé théng. Md hinh tham khao cia mot hé

thdng thong tin di dong thong thudng ¢ dang nhu hinh 1.3.
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Hinh 1.3 Céu trdc hé théng thong tin di dong

chae nang khac nhau. Ta cd thé tam phan hé thong thong tin di dong ra thanh:

khéi thiét bi di dong, khdi céc thiét bi tap trung va khéi thiét bi giao tiép voi

mang ngoai.

Trong céu tric cua hé thong gom co céc khdi thiét bi chinh sau:[1 /26]

MS (Mobile Station): Tram di déng thuc hién cac chirc nang truy nhap

vao hé thong di dong thong qua giao dién vo tuyén.

thuc hién nhiéu chirc nang phirc tap. Trong d6 bo phan quan trong nhat

ning quan 1y tit ca cac thiét bi truy nhap hé thong thong qua giao dién vo

BTS (Base Transceivar Station): Tram thu phdt géc bao gdm cac thiét bi

ciia BTS la TRAU thyc hién cac chirc nang vé ma hoa va giai ma.

BSC (Base Station Control): Bé diéu khién tram géc thuc hién cac chirc

tuyén.
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- MSC (Mobile service Switching Center): Trung tdm chuyén mach cac
dich vu di déng thuc hién céc chac nang thiét lap cac cude goi dén nguoi
sir dung mang di dong. N6 cung cap céc giao dién giao tiép BSC voi

mang ngoai.
1.1.2.2. Cdu triic dia Iy ciia hé thong thong tin di dgng

Khong gidng nhu véi mang truyén théng ¢ dinh, viéc quan ly thiét bi di
dong 1a mot van dé rat phirc tap. Dé thuan tién trong viéc quan ly mang ciing
nhu céc thiét bi di dong nguoi ta phan chia mang di dong theo ciu tric dia ly.
Day 1a mot phuong phap rat hiéu qua cho phép ngudi ta cd thé dé dang quan Iy
thiét bi ciing nhu xac dinh cdng suat phat hay luu luong cuc bd ciia mang.

Theo nhu phuong phap do, nguoi ta phadn mang di dong ra thanh vung
mang, vung phuc vy, vung dinh vi va 0.

- Phan chia theo viing mgng: mdi qudc gia thudong duoc phan thanh nhiéu
viing mang Vvién thdng. M&i viing mang dugc dai dién bang tong dai
GMSC lam viéc nhu mot tong dai trung ké, thuc hién cac chirc nang hoi

dé dinh tuyén va két cubi tram di dong.

e

@

Hinh 1.4 Céc vung phuc vu MSC/VLR
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- Phén chia theo ving phuc vu MSC/VLR: M&i mang dugc chia thanh
nhiéu viing nho, mdi viing nay duoc phuc vu bai mét MSC/VLR ta goi
la vung phuc vu MSC/VLR

- Vang dinh vi: M&i ving phuc vu MSC/VLR duge chia thanh mot sb
viing dinh vi LA. Khi & trong LA, tram di dong c6 thé di chuyén tu do
ma khdng can phai cap nhat thong tin vi tri cho MSC/VLR. O viing nay,
thdng béo s& dugc phét quang ba dé tim thué bao di dong bi goi.

L A1 LA1 LA1

VLR
MSC LA,

LA, LA, %

Hinh 1.5 Phan chia 6 trong cac vung va viing phuc vu MSC/VLR

- Phan 6: O l1a pham vi dinh vi nhé nhit, n6 duoc xac dinh bang mot
ving phi vo tuyén va dugc mang nhan dang bang 6 toan cau (CGI —

Cell Global Identify).

1.1.3. Pic diém truyén din di dong

Viéc truyén dan trong thong tin di dong st dung giao dién truyén din vo
tuyén, vi thé viéc truyén dan nay ludn bi anh hudng boi méi truong truyén dan

hd va su han ché vé bang tan.
M®i trudng truyén dan ho gay rat nhiéu khd khan cho viéc dam bao vé
chat lugng truyén tin. Bai 18, véi moi truong ho, viée truyén tin luén phai chiu

nhitng anh huéng caa mdi truong bén ngoai nhu: anh hudng cua thoi tiét, khi
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hau, caa dia hinh, caa c&c ngudn nhidu trong ty nhién, hay cac thiét bj vo tuyén
khac, suy hao 16n,... O day ching ta xét mot sb dic diém ndi bat cua truyén

dan thong tin di dong.
1.1.3.1 Suy hao dwong truyén

Do tin hiéu duoc truyén di trong méi truong hé nén truyén dan di dong
chiu suy hao rat I16n. Hon nita, thiét bi di dong lai ¢ anten thu dat gan mit dat,
vi vay suy hao ty 1€ véi luy thtra bac n cua khoang cach R gitra anten thu va

phéat, voin > 2.

Trén ly thuyét, ton hao dudng truyén tir BS téi MS dugc biéu dién bai

cong thuc sau:

R
P(R) =N(R,0) +n IgR_ (1.1)
0
Trong do:

P(R) :la tén hao tai khoang cach R so véi ton hao tai khoang
cach tham khao Ry.
n : Luy thira to hao dudng truyén.
6 : Léch chuan thdng thuong 8 dB. [1/76]
Nguoi ta dwa ra mot s6 mod hinh tham khao trong thuc té, trong d6 hai mé

hinh: Hata-Okumura va Walfisch-lkegami la nhitng md hinh c6 d6 chinh xac

cao.
a. Mo hinh Hata-Okumura

Hata-Okumura dwa ra hai céng thirc tinh do ton hao trung binh L, ap

dung khéc nhau déi voi khu vuc khéc nhau.

Ving thanh pho:

L,= 69,55 + 26,161gf.— 13,82Igh, — a(hm) + (44,9 - 6,55Igh,) B~ (1.2)
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Trong cong thue (1.2):
f.  :Tansd (MHz).
L, :Ton hao trung binh (dB).
h, :D6 cao anten tram gdc (m).
a(hm) : Hé s6 hiéu chinh cho d6 cao anten di dong (dB).
R :Khoang cach tir tram gdc (km).
Dai thong str dung cho mé hinh nay la:
150 <f, <1500 MHz
30 <hy <200 m
1<hp<10m
1<R<20km

Vung néng thon.
Véi ving ndng thén théng thodng, do ton hao duoc Hata dua ra theo
cong thuc sau:

L, = Ly(thanh phd) — 4,78lg(lgf.)* + 18,33(Igf.) — 40,49 dB (1.3)

b. M6 hinh Walfisch-lkegami

M6 hinh nay cho phép danh gia ton hao duong truyén & ving thanh ph
trong dai tin 800 + 2000 MHz v&i hé thdng théng tin té ong.

Biéu thtrc sir dung cho md hinh nay Ia:

Lp= L¢+L s+ Lims dB (1.4)
Hoac

Ly = Li Khi Ly + Lys <0 (1.5)
Trong do:

L, :Ton hao khong gian tu do.
Lt : Nhidu xa mai nha - phé va ton hao tan xa.

Lms : Ton hao vat che chin. [1/78+79]
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1.1.3.2 Pha dinh

Diéu khac biét rat 16n trong truyén dan c6 dinh 1a cac MS trong truyén
dan di dong ludn di chuyén, trong qué trinh di chuyén d6 c6 nhiéu truong hop
cac MS nay gip phai nhitng vat che chan nhu doi ndi, nha cua,... Didu nay lam
cho cuong d6 tin hiéu ma MS thu dugc khdng 6n dinh gay ra hién tuong pha
dinh. Hién tuong nay gay ra nhiéu bat loi trong qua trinh truyén tin nhu: gay
thang giang cuong do tin hiéu thu, gay ra nhiéu giao thoa ky hiéu (ISI Inter
Symbol Interference).

Nguoi ta dwa ra mot sb phuong phap dé chong pha dinh nhu:

- M4 hoé kénh chdng 15i két hop véi dan xen tin hiéu.

- Sur dung da sbng mang.

- Phan tap: tan s, phan cuc, goc,...

- Can bang thich ung

- Trai phé

1.1.3.3 Pong chinh thoi gian

Chinh vi tram di dong la thiét bi c6 thé di chuyén ngay ca khi dang két
ndi, nén mot vin dé cé thé xay ra I1a hién tuong MS di chuyén gay thay d6i
khoang céch so véi BS. Hién tugng ndy gy mat dong chinh pha cua cac kkhe
thoi gian thu duoc 6 BTS d6i véi hé thng TDMA, con d6i véi thé thong
CDMA thi n6 lam tang nhidu dong kénh.

Vi vay van dé dit ra 1a can phai dong chinh khe thoi gian, va diéu khién
cdng suat phat & hé théng CDMA.
a. Pong chinh thoi gian

Mot van dé dat ra trong hé thong TDMA 1a mdi MS chi phat trong mot
khe thoi gian dugc 4n dinh ndo d6. Vi vay, khi MS di chuyén s& 1am thay d6i

khoang cach cua n6 dbi véi BTS s& ¢6 thé 1am BTS nhan sai khe thoi gian ma
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nd dang sir dung. Piéu ndy c6 thé 1am cho BTS nhan nham MS d6 véi mot MS

khéac phat cuing tan sd.

Pé khic phuc hién tugng nay, trong qua trinh goi BTS s& giam sét khe
thoi gian ciia m&i MS va BTS sé& phat di cac 1énh dé cac MS phat sém hon khi

chung roi xa BTS, va nguoc lai.
b. Diéu khién cong sudt ¢ hé thng CODMA

O hé théng CDMA céc méy di dong déu phét chung tan s6 & cung thoi
gian nén ching s& gay ra nhidu dong kénh véi nhau. Chét lwong truyén dan doi
V6i nguoi st dung phu thude vao ty sé giira nang luong mai bit trén mat do tap
am tring (Ex/No). Nhung ciing khdng thé ting cong suat cia ngudi st dung Ién
qué 16n, va hon nita do sy trénh léch cng suat ¢ thé gay nhiéu cho nguoi ding
khac. Dé dam bao ty s6 ndy khong ddi hodc I6n hon mot mic ngudng nao do
ma khong 1am anh huéng dén may thu khac, ngudi ta phai diéu khién cho cong

SUit ctia CA&C may phét cia ngudi stir dung theo khoang cach dén tram goc.

Dung leong cua hé théng CDMA dat cuc dai khi cdng suét thu duoc tai
BTS cua tat ca cac MS 1a nhu nhau. Viéc diéu khién cong suit duoc sir dung
cho dudng 18n dé tranh hién tuong “gan — xa” va lam giam anh hudng cua

nhiéu I&n dung luong cua hé thong.

Déi v4i cdng suit cia duong xudng & hé thong don 8, nhidu do ngudi sir
dung khéc ludn & mirc khong do6i ddi véi tin hiéu c6 ich. Tat ca céc tin hiéu déu
duoc phéat chung nén khong xay ra su khac biét vé ton hao truyén séng. Do dé,

khong can phai diéu chinh céng suat phét cua dudng xudng.

Mot phuong phép diéu khién cong suat 1a tu diéu khuéch (AGC -
Automatic Gain Control), trudc khi phat tram di dong giam sét tong cong suat
thu dwgc tir tram gdc. COng suat do duoc cho phép xac dinh ton hao duong
truyén ddi voi nguoi st dung. Tram di dong s& phai diéu chinh cong suat phat

ctia minh ty 1& nghich d6i voi tong cong suat ma né thu duoc.
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Phuong phap tht hai gitp ta c6 thé diéu chinh céng suét trung binh thoi
gian dai hiéu qua hon bing so do diéu khién cong suat vong kin (Close — loop
Power Control). Phuong phap nay yéu cau MS phai lién hé thuong xuyén voi
tram gbc. Tram géc thu tin hiéu tir duong 1én, danh gid so sanh né véi cong
suit ngudng danh dinh. Trén co sé mirc thu cao hay thap hon ngudng, tram gdc
s& phat lénh dén tram di dong dé ha thip hay nang cao cdng suit phat cia tram

di dong 18n mot nic nao do.

O hé thong thyuc té, nguoi ta sir dung phuong phap két hop diéu khién
vong hé va kin. Cong suat danh dinh cé thé duoc gin véi mirc ¢ong suat thuc té
dé dat duogc ty s 161 bit cho trude. Tuy nhién, do hién tugng che téi nén murc
cdng suat nay khong 6n dinh. Vi vay can mot vong diéu chinh cong suit duoc
goi la vong ngoai (Outer Loop) dé diéu chinh muac cdng suat dinh danh dén ty
s6 161 bit yéu cau.

1.2. He thong thong tin di dgng CDMA

Pé dat duoc hiéu qua truyén din cao nguoi ta dd khdng ngimg cai tién
cac phuong phap truyén dan va truy nhap vo tuyén. Lién tuc c6 cac phuong
phap da truy nhap vo tuyén méi ra doi dan dén su ra doi cua cac thé hé thong
tin di dong khac nhau.

Pé hiéu r6 vé hé thong thong tin di dong CDMA, trudce tién ching ta
cling xem xét so lugc vé cac phuong phép da truy nhap vo tuyén. Tur nhimng
Kién thire d6, ching ta nghién ctru cac van dé tong quan vé hé thdng thong tin

di dong sir dung phuong phap da truy nhap phan chia theo md CDMA.

1.2.1. Traiphd

Trong truyén dan vo tuyén, dé sir dung t6i da dung luong, tang kha ning
chdng nhiéu cho hé théng, ngudi ta st dung phuong phép trai phd.

Mot cach tong quat, co thé ndi “trai phd” 1a mot ki thuat ngit thuc hién

di€u che lai tin hi€u d& dicu ché, tao ra tin hiéu giao thoa véi cac tin hiéu dang
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cuing hoat dong trong cling Mot biang tan nhung may thu van tach duoc tin hiéu
mong mudn véi mot ti 18 16i cho trude. Bé dat duge didu d6, diéu ché trai phd
phai giam mat d6 cong sudt phat xudng dudi mic nhifu nhiét cia bat ky may

thu nao.

Hé théng st dung trai phd cho dung luong kénh tiang lén theo cong thirc

Shanon:
C =B *logy(1 + S/N) (1.6)

Trong do:
C : La dung lugng kénh (bit/s).
B : Po rong bang tan
S : COng suat tin hiéu
N : Cong suat tap 4am
Nhu vay, khi st dung trai phd, dung luong kénh truyén dan s& ting 1én
mot khoang phu thudc vao ti s tin hiéu trén tap &m (SNR = S/N).

Nguoi ta dat G, la d6 loi xu ly, dugc tinh theo cong thiec:

B B

Gp=B—‘_ Hay Gp =&~ (1.7)

Trong do:
B:: 12 d6 rong bang tan truyén dan.
Bi: d6 rong bang tan cua tin hiéu mang thong tin
B : D6 rong bang tan vo tuyén
R : Téc do thong tin
Xét mdi lién hé gitra ti s6 tin hiéu trén tap &m va ti s6 nang luong mbi bit
trén mat do pho cong suat tap am, ta co:

E
sNR=> - ExR_E 1 (1.8)
N I,xB I, G, '
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Trong do:
Ep: la nang luong trén bit.
lo : L& mat do phd cong suit tap &m

Theo cong thirc (1.8) ta thdy, Tai mot ti sb Ey/lo nhat dinh, néu d6 loi xtr
ly cang cao thi ti s6 S/N yéu cau cang thép.

C6 ba kiéu hé thong thdng tin trai phd co ban 1a: Trai pho chudi truc tiép
(DSSS - Direct Sequence Spread Spectrum), trai phd nhay tan (FHSS -
Frequency Hopping Spread Spectrum), va trai phd dich (nhay) thoi gian (THSS
— Time Hopping Spread Spectrum).

Hé thdng trai pho nhdy tan FHSS 1a hé théng thuc hién trai phé tin hiéu
bang cach chuyén dbi séng mang ¢ mot tap hop céc tan sé theo mau duogc Xac
dinh biang mot chudi ma gia tap am ngau nhién PN. Trong do6, chudi ma nhay
tan cd thé cd téc do nhanh hon hodc cham hon tc d6 s6 ligu, vi vay ta co hé
thdng nhay tan nhanh hoic cham.

Hé thdng trai phé dich thoi gian teong tu nhu diéu ché xung, cac day
ma dong/md bo phat, thoi gian dong mé nay dugc chuyén ddi thanh dang tin
hiéu gia ngau nhién theo ma.

Trong phan nay, d6 an chi tap trung trinh bay vé phuong phap trai phd
chudi truc tiép, va ung dung cua phuong phap nay cho hé théng thong tin di
dong CDMA.

Phwong phap trdi phd chudi truc tiép (DS - Direct Sequence) 1a ky thuat
xt ly s6 quan trong dugc st dung cho hé thdng théng tin di dong CDMA. Hé
thong DSSS thyc hién trai phd bang cach nhén tin hiéu ngudn véi tin hiéu gia
ngau nhién (PN). Tin hiéu trai phd chudi truc tiép 1 tin hiéu trong d6 bién do
cua tin hiéu da diéu ché dugc diéu bién vi mot dong s6 liéu nhi phan NRZ tdc
d6 rat cao. Nhu vay, néu tin hiéu ban dau 1a s(t) 1 tin hiéu diéu pha cd dang
BPSK.
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s(t) = 4/2P.d (t) cos m,t (1.9)

Thi tin hi¢u sau trai phd DS 1a :

o(t) = g(t)-s(t) = /2P, g (t)d (t).cos at (1.10)

O day g(t) 1a ddy nhi phan ngiu nhién gia tap &m (PN) nhan céc gi4 tri
bang *1, c6 chu ky rat dai. Ddy PN Iy tuong phai thuc sy ngau nhién, khéng

tuong quan.

Tin hiéu trai phd va giai trai phd c6 dang nhu hinh vé

d(®

a(t) o

d(®).9(t) e

Hinh 1.6. Dang tin hiéu trai phd
Trong hinh 1.6, d(t) 1a dang s6ng s6 liéu, g(t) la dang s6ng tin hiéu
chip, va d(t).g(t) la tin hi¢u.

O phia thu, qua trinh giai trai phd duoc thuc hién bang cach nhan tiép tin
hiéu trai phd voi tin hiéu chip tuong ty dé cho ra tin hiéu s6 liéu gdc. Tin hiéu
chip nay duoc may thu tao ra bang céc phuong phap dong bo va cé dang gidng

nhu tin hiéu chip dwa vao trai phd & may phat.
1.2.2. Patruy nhap vé tuyén

Viéc chia sé bang tan vo tuyén 1a mot van dé rat dau dau cua nha quan ly.
Dé st dung tot dai tin khéa eo hep trong truyén din nguoi ta ¢4 dua ra nhimng

phuong phép da truy nhap vo tuyén khac nhau.
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Phuong phap da truy nhdp phdan chia theo thoi gian TDMA (Time
Division Multiple Access), & TDMA cac may dau cudi vd tuyén phat khong
lién tuc trong dai thoi gian. M6i may phat chi phat di mot cum, cac cum duoc
dua va mot cau trdc thoi gian dai hon goi 1a chu ky khung. Bé phan chia duong
phat va duong thu, phwong phép truy nhap nay sir dung cac cip tan sé song
cong cho TDMA goi la da truy nhap phéan chia theo thoi gian ghép song cong
theo tan s6 TDMA/FDD (TDMA Frequency Division Duplex). Ngoai ra nguoi
ta cling ¢ thé sir dung ca duong lén va xudng voi chung mot tan sé nhung lai
phan chia cho thu va phéat ¢ nhitng khe thoi gian thu phat khac nhau, phuong
phap nay goi la phuong phap da truy nhap phéan chia theo thoi gian ghép song
cong theo thoi gian TDMA/TDD (TDMA Time Division Duplex).

Phuong phap da truy nhdp phdn chia theo tan so FDMA (Frequency
Division Multiple Access), FDMA Ia phwong phap truy nhap vé tuyén ma trong
d6 do rong bang tan cip phét cho hé théng dugc chia thanh cac bang tan con.
MJi kénh dugc cip phat mot bang tan xac dinh, cac kénh 1an can dugc cung
cap mot khoang bao vé dé tranh giao thoa kénh 1an can. C6 hai phuong phuong
phap thuong dugc su dung la FDMA ghép song cong theo thoi gian
FDMA/TDD (FDMA Time Division Duplex), va FDMA ghép song cong theo
tan s6 FDMA/FDD (Frequency Division Duplex).

Phuong phép da truy nhdp phan chia theo ma CDMA (Code Division
Multiple Access), CDMA Ia phuong phap da truy nhap ma & dé méi kénh dugc
cung cip mot cap tan sé & mot ma duy nhat. CDMA st dung ba phwong phap
trai phd 1a: Trai phd nhay tan, trai phd nhay thoi gian va trai phd chudi truc
tiép. Pay la phuong phap da truy nhap méi voi nhiéu vu diém manh va dang
duogc trng dung rong rai.

Phuong phap da truy nhap CDMA dad va dang dugc Gng dung trong
théng tin di dong, véi nhimg tinh nang cua nod, hé théng théng tin di dong

CDMA dang thé hién nhiéu vu diém vuot troi so véi cac thé hé di dong trude.
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1.2.3. Hé théng thdng tin di dgng CDMA

Pé cai tién cac hé thdng thong tin di dong st dung cac cdng nghé truy
nhap cho chat lwong thap nhu: AMPS, IS - 54, IS — 136,... Ly thuyét vé& hé
thong thdng tin di dong sir dung céng nghé da truy nhap phan chia theo ma
(CDMA) da ra doi vao nam 1950 va duoc ap dung trong thdng tin quan su tu
nhitng nam 1960, sau nay hé thong nay duoc goi tit 12 hé thong thdng tin di
dong CDMA. Trong thong tin CDMA, nhiéu nguoi sir dung chung thoi gian va
tan s6, ma PN véi su twong quan chéo thip duoc an dinh cho mdi ngudi sir
dung, ngudi sir dung truyén di nhirng tin hiéu trai phd bang ma trai phé PN
dugc 4n dinh trude.Vé co ban, hé théng thdng tin di dong CDMA ciing mang
nhitng dic tinh chung ciia mot hé thong théng tin di dong nhu chiu anh huéng

ctia mdi trudng truyén din, phadinh, ...

CDMA sir dung k thuat trai phd nén nhiéu ngudi st dung c6 thé chiém
cuing kénh vo tuyén dong thoi tién hanh cac cudc goi. Nhitng ngudi sir dung noi
trén dugc phan biét 1an nhau nho viéc sir dung mot ma dic trung khong trung
v6i bat ky ai. Cac kénh vo tuyén duoc ding lai & mdi té bao (cell) trong toan
mang, va nhitng kénh nay dugc phan biét nhau nho ma trai phd gia ngau nhién.
Dong dit liéu gbc duge ma hoa va diéu ché ¢ toc do cdt (toc do chip cua ma trai
phd). Bang phuong phap nay, niang luong cua tin hiéu gbc duoc phan b vao
mot dai tan rat rong, & phia thu, phd cua tin hiéu lai duoc nén tré lai vé phé cua
tin higu géc.

Str dung c6ng nghé CDMA trong thong tin di dong gitp cho hé théng
nay c6 nhitng vu diém hon han véi cac cdng nghé trude d6. Dudi day 1a mot s6
dic diém noi bat cua hé théng thong tin di dong CDMA sir dung trai pho chudi
truc tiép:

- CO6 tinh da dang phan tap, hé théng CDMA cho phép st dung nhiéu dang
phan tap ca vé thoi gian, khdng gian va tan s6. Diéu ndy cho phép han ché

dang ké nhiéu do tap &m va phadinh.
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- Diéu khién cdng suat phat thu hai chiéu hiéu qua cao dan dén giam dang
ké cong suat phat. Hé théng CDMA thuc hién diéu khién cong suat theo ca
hai chiéu (Tur BS dén MS va nguogc lai), gilp tiét kiém cong suit phat,
giam nhiéu gita nhirng nguoi st dung. Hon nita, hé thdng gilp giam ti s6

Eu/No Yéu cau lam giam dung luong hé thdng va giam cong suat phat.

- Bo6 ma - giai ma thoai cua hé thdng CDMA dugc thiét két vai tée do bién
d6i 8 Kb/s, cho phép cung cip nhiéu dich vy da dang véi téc do dir licu

khac nhau.

- Bao mat cudc goi & mic do cao nho tin hieu CDMA da duogc tron
(scrambling) trudc khi phat. Ngoai ra hé thng con sir dung phuong phap
bao mat hé théng rat hiéu qua DES va nhiéu cdng nghé ma tiéu chuan
khéc.

- HJ trg chuyén giao mém, diéu nay thuc hién khi MS di chuyén giira cac
BTS, nd ludn thu tin hiéu tir cac BS khac khi dang trong cudc goi va tién

hanh so sanh dé chon ra BS cho cudong d6 tin hiéu cao nhét.

- Dung leong hé théng Ién, hé thdng CDMA cd dic tinh gat giao thoa rat
cao, hon nita, hé théng ndy cho hiéu qua tai s dung bang tin cao do
khong yéu ciu ti s6 tin hiéu trén tap &m & mic cao.

Hién nay, hé théng CDMA dang phat trién rit manh va tién dén nhiing
y&u cau xa hon, hé théng thong tin di dong CDMA bing rong (WCDMA) dang
la xu huéng phét trién cia CDMA trong thong tin di dong thé hé ba.
1.3. Tinh hinh phét trién Thong tin di déng hién nay

1.3.1. Tinh hinh chung trén thé gi6i

C6 thé néi: chua bao gio thdng tin di dong lai phat trién nhanh nhu hién
nay. Chinh vi Ii do d6 ma cac hé thng truyén tin, nhét 1a théng tin di dong
dang phat trién rat manh. Tuy rang hé thong ra doi vé sau hé théng dién thoai

¢ dinh rat nhiéu, nhung nho nhirng wu diém hon han may dién thoai ¢é dinh
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nén mang dién thoai di dong da phat trién hon hin. Tinh dén thang chin vira
qua (nam 2005), ca thé gidi d4 cd dén 3 ti thué bao di dong va du kién con sb
nay sé Ién tgi 6 ti vao nam 2015.

Cung véi su phét trién vé sé luong thué bao, chat luong dich vu dugc
cung céap ciing lién tuc dugc nang cao. Khdng chi dung lai ¢ chirc nang nhu
mot chiéc dién thoai thong thuong, chiéc may di dong dan dan dugc tich hop
thém cac cdng cu tién ich hon nhu: may tinh, cong cu tir dién,... Va hon thé
nira, cac nha cung cép dich vu con lién tuc dwa thém vao hé théng cac dich vu
kém theo dé thu hat khach hang nhu céc dich vu dit liéu, truy cap wap,... Su
lién két gitra nha cung cap dich vu di dong va nha cung cap dich vu giai tri con
cho phép nguoi dung dién thoai di dong cd thé xem ti vi, choi tro choi truc

tuyén trén chiéc may dién thoai caa minh.

Hé théng dién thoai dang dugc hau hét cac nudce s dung hodc hudng téi
la hé thdng thong tin di dong 3G, sir dung cng nghé da truy nhap phan chia
theo ma CDMA. Tuy nhién, tuy vao diéu kién mdi nuéc va huéng nghién ciru
ban dau ma cdng nghé sir dung thuc té cd thé khdng hoan toan gidng nhau.
Hién nay, day la hé thdng di dong tién tién nhat, nhung do nhu ciu cua nguoi
dung khong ngirng doi hoi cac nha nghién cau va phat trién cac cdng nghé moi.
Thoi gian vira qua, cac nha cung cap dich vu di dong cua Trung Qubc va Nhat
Ban d4 ky két hop tac cuing nhau phat trién thé hé di dong thir tu (4G) nham st
dung céc thanh qua cdng nghé ciia Nhat Ban va ngudn thi truong rat 16n cua

Trung Qubc.
1.3.2. Viéc phat trién thong tin di dong tai Viét Nam

O nudec ta, tuy 1a mot nude co nén kinh té co thé néi 1a phat trién cham
hon so véi cac nudc cdng nghiép trén thé gisi, nhung dich vu thong tin di dong
cua ching ta da duoc phat trién kha sém. Tir nam 1993, nuée ta da cd nha cung
cap dich vu di dong dau tién, dén nam 1995, nudc ta dd c6 hai nha cung cap

cling ton tai cho dén nay. Tuy nhién, cac dich vu dugc cung cap khi d6 con khé
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nghéo nan. Pén nay, hai nha cung cip d6 da tro thanh nhitng nha cung cap dich
vu di dong I6n nhat Viét Nam hién nay, GPC da c6 dén hon 3,5 triéu thué bao,
va VMS d4 c6 dén hon 3,2 triéu thué bao. Ngoai hai nha cung cép dich vy trén,
& dai tan GSM nudc ta da c6 thém Cong ty vién théng Quan ddi tuy méi ra doi
nhitng ciing da c6 s luong thué bao 1&n dén gan 1.4 triéu. Ung dung céng nghé
CDMA, & nudc ta cung da c6 dén ba nha cung cip dich vu dién thoai di dong
CDMA la: Saigon Postel véi mang di dong S-phone, Cong ty vién thong Dién

luc (VP Telecom hay EVN telecom) va Ha Noi telecom.

Do nhu cau nguoi cia ngudi sir dung chua 6n, nén cac dich vu kém theo
& cac mang di dong & nude ta con kha nghéo nan so véi cac nudc phat trién.
Tuy nhién, hau hét cac nha cung cap dich vu ndy déu c6 viing phu séng kha 16n
(c4c nha cung cap dich vu GSM déu da pha séng rong khap ca nuée), cac dich
vu cung cip khdng chi 1a thoai va nhin tin ma da cé thém cac dich vu cong
thém nhu: dich vu chuyén vung qubc té, wap, GPRS, tin nhin da phuong tién
MMS, va méi day don vi chi quan mang Vinaphone la GPC vira dua vao cung

cap mién phi dich vu bao cudc goi nh& cho thué bao khi khdng lién lac duoc.

Véi toe do phét trién nhanh nhu hién nay, sb lugng thué bao & nuéc ta s&
khong ngimg ting cao. Cung véi nd, nhu cau sir dung cac dich vy cong thém s&
ngdy mat ting. Do d6, cac nha cung cap dich vy & nude ta van khong ngimng cai
tién cdng nghé dé cung cap cho khach hang nhiing dich vu tét hon. Hién tai cac
nha cung cip dich vu GSM déu dang dan cai tién chit lwong va cong nghé dé
dan tién 1én sir dung cdng nghé CDMA.

1.4. Tong két chwong |

Trong chuong |, &6 &n trinh bay mot cach so lwong vé cac hé thong
thdng tin di dong, cac cong nghé dugc sir dung trong truyén dan thong tin di
dong. Trong do, tap trung trinh bay mot céch tong quan vé hé thdng théng tin di

dong CDMA str dung phuong phap trai phd chudi truc tiép.
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Trong chuong tiép theo, d6 an trinh bay vé hé théng anten théng minh va
gian anten thich tmg, dé qua d6 nghién ciru phuong phap tng dung cua gian

anten thich g cho hé thong théng tin di dong CDMA trai phd chudi tryc tiép.
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” CHUONG II o
TONG QUAN VE GIAN ANTEN THICH UNG

2.1. Khéi niém chung

Pé c6 thé hiéu va nghién ctiru vé gian anten thich ung ciing nhu céc ky
thuat va thuat todn thich ung duoc st dung, ching ta cung xem xét cac khai
niém chung nhit vé anten néi chung va anten théng minh noéi riéng.

2.1.1. Anten va anten thong minh
2.1.1.1. Khai niém chung vé anten
Song dién tir chi ¢d thé duoc truyén din biang maot trong hai phuong
phap: thir nhat truyén dan trong cac thiét bi dinh huéng nhu: day song hanh,
cap dong truc, dng dan song,... O céc thiét bi ndy, séng dién tir chi c6 thé duoc
truyén lan trong méi trudng gioi han nén duoc goi 1a séng dién tir rang bude.
Phuong phap thir hai la bire xa song ra moi truong bén ngoai cho séng tu do
truyén di trong moi truong thuc goi 1 séng dién tir tir do. Viée truyén dan song
dién tir tu do can c6 céc thiét bi dé birc xa séng dién tir va nhan song dién tu,
thiét bi d6 dugc goi la anten [6 /83].

Anten thie hién nhitng nhiém vu hét sirc quan trong trong truyén dan vo
tuyén. O phia phét, sau khi may phét tao ra dao dong, anten phat c6 nghia vu
chuyén dbi nhirng dao dong song dién tir rang budc trong céac phi-do thanh céc
séng dién tir ty do, burc xa ra khdng gian. O phia thu, anten thu c6 nhiém vu
nguoc V6i anten phat, nghia 1a tiép nhan séng dién tir ty do trong khdng gian
ngoai va bién doi ching thanh séng dién tir rang budc, séng nay duoc truyén t6i
phi-do va may thu. Véi cac tinh niang nhu vay, nén ciu tao cua anten s& cO

quyét dinh rat 16n dén sy bién ddi nang luong noi trén.

Sy phét trién cua truyén dan vo tuyén da thic ddy cac nha khoa hoc

khong ngimg nghién ciru ra cac thé hé anten sao cho hiéu suat truyén tin c6
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hiéu qua cao. Chinh vi 1& d6, d4 c6 rat nhiéu thiét ké anten ra doi: So khai nhat
la chan tir dbi xtmg, dén anten gian, anten parabol,...
2.1.1.2. Anten thong minh
Khai ni¢m
Cho dén nay, van chua c6 mot khai niém cu thé nao vé anten thdng minh.
Nguoi ta thudong dua ra khai niém vé anten théng minh dua vao nhig loi ich

ma n6 mang lai cho qué trinh truyén dan vo tuyén.

Anten théng minh ra doi do su phét trién cua truyén dan vo tuyén yéu
cau ¢6 mot thiét bi thu phét cho phép dai truyén din rong dé cai thién hiéu nang
cta hé thdng. Thuc chat khdng c6 mot loai anten nao c6 thé dap tng duoc yéu
cau do, nguoi ta dd két hop giira anten théng thuong va céc diéu khién dé duoc
mot hé théng c6 kha niang cung cip dai thu — phét rong, giam gia thanh truyén
dan va ting dung luong caa hé théng, nho vao viéc 1am ting kha nang lién két
gitta hé thdng vai thiét bi dat & mdi trudng ngoai.

Mot hé thong nhu trén duoc goi 1a hé théng anten théng minh ma ta van
thudng goi 14 tit 1a anten théng minh [8 /31].

Nguyén ly hoat dong ciia anten thong minh

Hé thong anten théng minh 1a mot hé thdng gian anten gém nhiéu phan
tir két hop véi bo xir ly tin hiéu sé (DSP : Digital Signal Proccessor) cho phép
thay d6i do thi buc xa phat hay thu caa hé thong sao cho thich nghi vai mai

truong tin hiéu trong té bao di dong.

Trong hinh 2.1, khi nguoi ding & xa BS d6 thi buc xa ¢6 tim pht 16n va

nguoc lai khi ngudi dung ¢ gan do thi birc xa ¢6 tam phit séng nho.

Ldc dau anten chi don gian 1a birc xa va nhan nang leong nhu nhau theo
moi huéng. Pé truyén tin hidu dén thué bao né phat séng dang hudng theo
phuong ngang. Khi truyén tin hiéu nhu vay thi né khéng cé y thirc ndo vé viing

lan can thué bao, nang lrong tin hiéu truyén di mot cach phan tan, phan truyén
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Hinh 2.1 Su thay d6i do thi birc xa khi thué bao di chuyén

Trong d6 hinh trén:
Mau ghi  : Anten hinh quat 65° chuén,
Mau xanh : BUp s6ng khi ngudi ding di chuyén gan BS.
Mau do : Bap song khi nguoi dung di chuyén xa BS

Mau xam  : Cac hinh quat khac.

dén thué bao chi 1a mot lugng rat bé so véi truyén ra moi trudng xung quanh.
Do han ché ndy ma cdng suét tin hiéu phai 16n thi dau thu méi nhan du mot
nang lrong tin hiéu can thiét (SNR tai noi thu da 16n). Trong truong hop co
nhiéu thué bao ddng kénh, khi nang cdng suit truyén, phan nang lugng khong
dén duoc thué bao mong mudn lai tré thanh ngudn nhiéu ddng kénh cho cac
thué bao khac.Y tuong ciia hé thong anten thong minh 13 d6 thi blrc xa ning
luong tai cac té bao khdng cb dinh nita ma lai “linh hoat” nhu hinh 2.1. Hé
thong anten thong minh chi tap trung nang lugng vé phia thué bao mong muén
ma n6 phuc vu. Mdi thué bao duoc phuc vu béi mot do thi birc xa cua riéng no.
Chi ¢ tram gdc BS méi ¢6 kha nang tich hop anten thong minh dé thuc hién
truyén dan. C4c thué bao van phat va nhan ning lrong mot cach dang hudng.

Ly do vi kich thudc cua thué bao qua nho dé tich hop duge mot hé thdng anten
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trong d6. Mbi phan tir anten phai cach nhau khoang A/2 séng cao tan, Vi hé
thdng GSM 800 Hz khoang cach nay vao khoang 15cm.
Theo nguyén ly hoat dong d6, nguoi ta dua ra ba loai kién tric phan tir
cho h¢ thdng anten thich tng nhu trong hinh 2.2.
- Gian duong thang: ¢ kién tric don gian, hé thdng duoc dung khi BS
chia thanh nhiéu vuing phii séng cé kién trac hinh quat.
- Gian hinh tron: cac phan tir anten tao v6i tdim hé théng mot goc

Ad=27/N. Blp song chinh cta db thi birc xa phi toan viing ngang.

oo o oo —o 9o o

- L. Sans

a) Gian duong thang

b) Gian hinh chit nhat
Hinh 2.2 Céc loai ciu triic anten thong minh

- Gian hinh chit nhat va hinh lap phuong: cho phép diéu khién blp séng
theo ca hai huéng ngang va doc. Céu trdc nay rat thich hop khi truyén

song trong mai truong phic tap
Phan loai anten thong minh
Hé thong anten thdng minh cd thé duoc chia thanh hai loai: anten

chuyén bip SBA (Switched Beam Antenna), va anten gian thich ung AAA
(Adaptive Array Antenna).

Anten chuyén biip SBA
Hé théng anten SBA dinh 18 mot con sb xac dinh trén d6 thi ma ¢ d6

dinh trudc cac hudng buc xa. H¢ théng SBA dugc tao boi nhiéu chan tir dinh
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trude véi do nhay cao theo mot hudng xac dinh. Hé thong anten ndy phat hién
cudng do tin hiéu, chon tir mét trong nhitng chan tir ¢ dinh xac dinh ma né co
kha nang phat va thu tt nhat tin hiéu tir thué bao gui toi. Khi thué bao di
chuyén cuong do tin ma BS nhan dugc do nd giri vé ciing thay d6i theo. BS
“cam nhan” duoc diéu ndy va chuyén tir chan tr ndy dén chan tir khac khi may
di dong di chuyén tir dau dén cudi té bao.

Hé thong chuyén bip song (SB) két hop hudng birc xa ciia nhiéu anten
giong nhu 1dm min nhitng chan tir phan doan, dé c6 nhiéu sy lya chon khong
gian hon c6 thé dat duoc sy dén gan cac anten thanh phan hon. Pé tao dugc dd
thi blrc xa theo huéng c¢b dinh xac dinh trudc, hé théng SB sé thuc hién nhu
Sau:

* Khi thu (uplink): Hé théng SBA két ni cac tin hiéu thu vé theo mot
quan hé ndo d6 vé pha va bién do, diéu nay 1am hé thdng anten thu niang luong
tap trung tai huéng mong mudn.

* Khi phat (downlink): Hé thong SBA truyén tin hiéu can phat dén cac
chan tir anten voi ciing mot dai tan vo tuyén, nhung cac tin hiéu nay duoc thiét
lap nhitng quan hé khac nhau vé pha va bién do. Bang cach ndy d6 thi birc xa
(phat hodc thu) co6 bup hudng hep hon nhiéu so voi viéc chi ding mot anten.
Hon nira khi muén thay d6i hudng thu hodc phat néu chi ding mot anten ta
phai thay d6i anten khac hoic quay chinh anten d6 mét cach co hoc. Trong khi
& hé thong SB dé dang thay doi do thi birc xa bang cach thay ddi vecto trong sd
nghia 14 thay doi cach két hop céc tin hiéu cao tin RF thu dwogc tir cac phan tir
anten khi thu hoic thay doi pha va bién d6 cac RF giri dén cac phan tir anten
khi phat di.

* Cdu tao: Anten SBA c6 cu tao kha don gian. Hé thong SB ¢6 ciu tric
gidng véi cac anten thdng thudng, ngoai ra nd con duoc trang bi thém nhitng bo
phan mai dé phat trién mé rong hé thong té bao, ngudi ta ¢ thé bd sung bang
cach cong thém nhimng dia chi thong minh can thiét trong mang sau khi d4 tinh

toan ky cang.
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‘% May thu cho
°

nguoi dung thi 1
e
Mang Diéu khién
tao tia cona tac

g Mx M

o c \’g\ May thu cho

nguoi dung th i

Diéu khién
cong tac

Hinh 2.3. M6t mang SB dung mdt mang tao tia dé tao M tia tur
M phan tir anten [8 /94]

Hinh 2.3 md ta mot hé théng SB don gian bao géom mat bo tao tia, mot
chuyén mach RF va logic diéu khién dé Iyra chon tia dic biét.

* COng dung: Hé thong SBA c6 thé nang cao vling phu cta tram gdc hon
tir 20% dén 200% so v6i hé théng phan ving té bao ¢ dién phu thudc vao hoan
canh méi truong phan cimg va phan mém dugc dung. Vung phu séng duoc
cong thém c6 thé tiét kiém ngudn nhan luc, gid co s ha ting thuc té va gia

trung binh cho ngudi tiéu dung s& thap hon.
2.1.1. Anten gian thich ing (AAA)
Trong hai loai anten thdng minh néu & trén, anten chuyén bap c6 uu

diém 1a don gian, nhung tinh linh hoat khéng cao. Chinh vi vay, ngay nay
ngudi ta tap trung vao nghién ctru hé thdng anten gian thich tng.
2.1.2.1. So luwgc vé gian anten thich ing

Mot gian thich ung (AAA — Adaptive Array Antenna) 1a mot hé thong
bao gom mét gian cac chan tir anten va mot bo xir ly thich tng thoi gian thuc
cho phép diéu khién bap séng tu dong thong qua cac tiéu chuan lya chon thuat

toan. Mot gian anten thich ang c6 cau tric co ban dugc dua ra trong hinh 2.4.

Vii Xudn Dai - Lép D2001 VT 29



Dé an tot nghigp Pai hoc Chwong 1. Téng quan vé gian anten thich ing

Céc bap séng

A Xa(1) /@7
2 X(1) (7 =

A
@ y(t)
Tin hiéu ra

Y
M Xp(t)
%l
Chén tir Diéu khién thuat
anten toan
Xt ly
tin hiéu
Bo xir Iy thich img

Hinh 2.4 Gian anten thich img M phan tir

Céc chan tir cua gian anten thich ung c6 thé duogc sip xép theo céc cau
tric hinh hoc khac nhau, cac cau trac phd bién nhat 1a sip xép theo dang gian

duong thang, tron, hodc gian phang (dang hinh chit nhat) nhu trong hinh 2.5.

a. Gian dudng thang

L 4 L 4 o —

s 'S ' ~—

® 'S ’ 3 *—
b. Gian hinh tron

c. Gian hinh chir nhat

Hinh 2.5 Cac c4u trdc gian anten thich tmg
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Gian duong thang 1a gian anten bao gém cac chan tir dugce xép doc theo mot
duong thang, néu khoang cach céc chan tir bang nhau thi goi 13 gian cach déu
tuyén tinh (LUSA). Tuong tu nhu thé, gian hinh tron I gian anten bao gom cac
chan tir dugce xép nam trong mot hinh tron dong nhat. Va cubi cing, gian phang
la gian bao gdm Mot ddy cac phan tir anten bé mat do loi thip, dong phan cuc
duoc phan bd dong nhat theo khong gian va cing hudng theo mot huéng cac
chan tir duoc gian déu trén mot mat phang. Trong khi gian dudng thang va gian
tron chi cho blp séng don hudng (hudng ngang), thi gian phang cho blp séng

song hudng (ca hudng ngang va doc).

Tuy c6 cau trac hinh hoc khac nhau, nhung nguyén ly cua gian anten
thich tng 13 hoan toan giéng nhau. Bang cac phuwong phap toan hoc ngudi ta 6

thé dua ra duoc thém céc ciu trac hinh hoc mai.
2.1.2.2. Dang tin hiéu trong anten gian thich #ng

Xét mot gidn anten thich ung don gian 1a mot gian cach déu tuyén tinh

gom ¢6 M chan tir. Cac chan tir cach déu nhau mot khoang la d.

Pha dau cua Huong cia  Hudng phép
song phang song phing  tuyén song

dsin
. |6
2 ’
d

" ny(t) ny(t)

Hinh 2.6 Dang tin hi¢u trong gian anten thich trng
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Ta gia dinh rang, mat phang song t6i gian anten léch goc mot hudng 6 so
v6i phép tuyén cua huéng anten thu. Goc 6 duoc do theo chiéu kim dong hd
tinh tr huéng cua anten thu, dugc goi la hwong toi (DOA - Direction Of
Arrival) hay goc téi (AOA — Angle Of Arrival) cua tin hiéu téi. Pha dau cua
s6ng toi tai chan tir thir m + 1 s& cham pha hon tai chan tir thir m mot khoang
bang dsind. Ta coi chan tir dau tién 13 chan tir tham chiéu gbc, va tin hiéu tai
chéan tir goc 1a s(t), pha cua tin hiéu tai chan tir thir m tré so véi tai chan tir thir
nhét mot khoang bing (m - Dkdsing, voi k=2 1a sb song va & 12 buse song.

Khi d6 tin hiéu nhan duoc tai chan tir tha m 12 Xin(t) c6 dang

2 .
—j—(m-1)dsin @
J5H(m-1)

X, (t) =s(t).e (2.1)
Véim=12,... M.

Ta viét X (t) duéidang vecto, ta duoc:
XM= [Xt) X ... Xu®] (2.2)

va dat a(0) co dang:

. 27T . 2 .
—j—dsino —-j==(M-1)dsin 6 T
a@=[1 ¢€ g ] (2.3)
Trong d6: [.]71a phép chuyén vi vécto hodc ma tran.
Khi d6 cong thie (2.2) tré thanh.
X(t) = s(t).a(0) (2.4)

Vecto X(t) duoc goi 12 vecto dir liéu dau vao cua gian va a(d) duge goi 1a
vecto dap ung hay vecto ldai gian. Tap hop vecto dap Gng trong truong hop nay
chi phu thudc vao hudng cua tin hiéu t6i. Noi chung, vecto dap tng chi co thé
phu thudc vao do dap tmg cta cic chan tir riéng ¢, cdu triic gian va tan sb tin

hiéu toi. Viée thiét 1ap mot gian anten véi vécto dap tng cho trude cho tat ca
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cac hudng va Cac tan sb s& cho ra mot két qua hét sirc da dang. Xét mot gian
don gian nhu gian déu tuyén tinh duoc ndéi dén & trén, sy da dang cua gian
anten thich ing s€ dugc thé hién trong viéc tinh toan cac tham s6. Trén thuc té,
viéc xac dinh mot diém ngudn dap ung cho cac gia trj vé hudng va tan sb va

quéa trinh xir Iy s& cho phép thiét ké nén mot gidn thich Gmg co kich ¢& xé4c dinh.

Ta xét truong hop xuét hién tap am dau vao, lGc nay, tin hiéu dau vao

clia cac chin tir xét & trén tro thanh
X(t) = s(t).a(d) + n(t) (2.5)
Trong d6: n(t) 1a vécto tap am dau vao va duogc dinh nghia ¢ dang

n) =[nu®) na(t) ... nm(t)] (2.6)

So sanh két qua trén véi cong thirc (2.1) ta thiy véi cing mot bang tan
truyén dan, nhung nhiéu do céc tin hiéu gin nhau trong gidn nho hon rat nhiéu.
Mot tin hiéu dau vao thoa mdn mot diéu kién nao d6 s& duoc quy vao Ia tin hiéu

bang hep, truong hop khac s€ 1a tin hiéu bang rong.

Trong trudng hop téng quat, khi xuat hién ca pha-dinh nhiéu dudng va
cac hiéu ung nguoi dung. Vecto tin hiéu thu dugce cho ngudi ding thir i co thé

duoc bi€u dién nhu sau

(D) =X @,,a0,,)5,(t-7,,) @)

Trong do:
Sip(t) :latin hiéu cia nguoi dung tha i khi c6 phadinh.
0ip 14 bién do tin hiéu tong hop.
Oip :lagoc toi.
P;  :la Pha dinh nhiéu dudng

r,, - lathoi gian tré.
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Khi ¢6 anh huong cia tit ca moi nguoi dung va nhidu cuc bo, vecto dir

liéu dau vao c6 thé duogc viét dudi dang chung nhu sau:

u R

X(t) = ZZai'p.a(Hi'p).Si’p(t —7;,) +N(t) (2.8

i=1 p=1

Trong d6: U: 14 tong sb ngudi st dung.

Pi
Trong hai cong thirc (2.7) va (2.8), phan cong thirc Zai.pa(ei,p) duogc
p=1

goi la vecto chi thi khong gian cho nguoi dung thir i.
2.2. Tao bap song thich @ng

Tao bup song (beamforming) 1a mot dang xir 1y tin hidu dé dinh dang cho
blp song trén gian anten theo dang caa tin hiéu mong mudn trong qua trinh mo
phong khong bi anh huéng cua céc loai nhidu. Viéc xir Iy tin hiéu mong muén
riéng 1é cho ting ngudi tir cac nhiéu co so trén cac dic tinh cia ching trong
khong gian goi 1a qua trinh loc khong gian. O duong Ién, muc dich tao bup
s6ng la 1am sao cho ti s6 tin hiéu trén nhiéu cong tap am (SINR) cua tin hiéu
mong mudn & phia thu dat gia tri 16n nhat. Con ¢ duong xudng, yéu cau lam
sao dé ¢ dugc codng suat truyén dan tir tram gdc (BS) t6i may di dong dat gia
tri 16n nhat. Qua trinh diéu khién tao bup s6ng str dung xu ly tin hiéu thich ung
duoc goi 13 tao bup séng thich ing. Trong mot s truong hop, tin hiéu lai
khong tao bap song, nhung gian anten ¢ chirc ning dinh vi chinh xac dé vo
hiéu cac loai nhiéu, truong hop d6 goi la qua trinh xir ly tin hiéu khéng dinh
dang.

Bo tao blp song cua gian anten thich tmg 13 mot hé théng bao gom mot
thiét bi xir Iy va gian anten hoat dong linh hoat caa bo loc thich tng [16]. C6

hai loai b tao bup song la bé tao bup bang hep va bé tao bup bang réong.
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» B tao bup bang hep
Bo tao blp biang hep ldy mau tin hiéu dau vao trong mién khdng gian dé

xt Iy tin hiéu bang hep. Céu tric mot bo tao blp bang hep duoc dua ra ¢ hinh

dudi.

wWm

M> Xy (1) @1 /

Hinh 2.7 Céu trlc cta b tao bap bang hep

Tin hiéu dau ra s& 1a két qua cong tuyén tinh co trong sé cua tin hiéu thu

duoc trén mdi chan tir, cho bai cong thire

y(® = w" X(t) (2.9)
Trong d6:  X(t) : 1a vécto dir liéu dau vao.
()™ :1a phép chuyén vi lién hop phirc.
w : Vécto trong s0, duoc xac dinh bai.
w=[w Wy ... wv]" (2.10)

» B¢ tao bap bang rong
Diém khéc biét so véi bd tao blp bang hep 1a b tao bup bang rong lay

mau ca tin hiéu dau vao trong mién khdng gian va thoi gian dé xu ly tin hiéu
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x;(t-T x(t-[K-1]Ty)

’1\ 40 77! AL S 71—

Wikt Wik

——F

x2(t-T Xo(t-[K-1]T)

lz\ = Pl S py
Wz,z @ Z —>

Wz,K-l WZ,K

—F

,M\ ) Z_lxMa-Ts — Z_>1<M<t-[1<-1]Ts>

Wanka | Wak

——F

Hinh 2.8 B0 tao bup bang rong TDL

bang rong. Mot bo tao bup bang rong duogc goi la bg xur ly khdng gian va thoi
gian hay bg can bang khéng gian thoi gian. Cau tric mot bo tao bap bang rong
thuong c6 mot dudng tré (TDLs — Tapped Delay line), hay con dugc goi 1a bo
loc phan cuc ngang trong mdi chan tir don trén gian. Néu khoang cach céc bo
tré da dai va cé chi sé du 1on, khi d6 TDL uéc tinh mot bo loc Iy tudng cho
phép diéu khién chinh xac d6 khuéch dai va pha tai mot tan sé nhat dinh trong
dai tAn cho phép [17 ]. TDL khéng chi c6 ich trong viéc diéu khién do khuéch
dai va pha cua tin hiéu tai tan s6 ndo do trong tin hiéu bang rong, nd con cé tac

dung han ché pha dinh da duong, céc loai tré va hién tuong nhidu xuyén kénh.
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Céu triic don gian caa mot bo tao bap sir dung TDL dwoc néu trong hinh 2.8.
Tin hiéu sau bo tré thir K ciia chan tir tha m trong bo tap bap 6 dang
X m®) = [Xm() Xm(t-Ts) ... Xm(t-(K-1)To)]" (2.11)
® = [om Om2 ... Omk ] (2.12)
Tin hiéu dau ra c6 dang:
Xm(®) = [X 2() X o) ... X m®] (2.13)
w=[ohdS..0'w] (2.14)

Tin hiéu dau ra cia bo tao bip biang rong cling dugc xac dinh twong tu
nhu b tao bup bang hep trong cong thire (2.9).

y(t) = w" X(t) (2.15)

g Wi y(f)
f y(fi)
% —(H—

v(x)

y(®)

— o

1
F
l : xm(t) / F k g
P K W k

Trong do:
S/P (Seria - Parallel conversion) : B bién ddi ndi tiép — song song

P/S (Parallel - Seria conversion) : Bo bién ddi song song - ndi tiép.

Hinh 2.9 B0 tao bup mién tan sd s dung FFT

Do bo tao bup st dung TDLs xt ly tin hiéu trong mién thoi gian nén cé
nhiéu diém han ché. Gan day, bo tao bdp séng sir dung bién d6i Fourier nhanh

(FFT — Fast Fourier Transform) thay thé cho bo tao bip str dung TDLs. Két qua
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cua viéc sir dung FFT d& tao ra mot bo tao bip bang rong trong mién tan sb.

Céu trdic ctia bo tao bap séng st dung FFT ¢d dang nhu hinh (2.9)

Uu diém cua céc thiét bi 1am viéc trong mién tan s6 1a 1am giam su phuec
tap trong tinh todn va tang ti 18 hoi tu. Viéc diéu khién trong sé trong hé théng
dat duoc su doc 1ap so voi mbi dai tan b, viec xu 1y lya chon trong s6 ¢6 thé
lam viéc trong ché d6 song song, diéu nay cho tdc d6 cap nhat trong s6 nhanh
hon. Hon ntra, khi st dung thuat toan thich ung binh phuong trung binh cuc
tiéu (LMS) thi su sai khac gitra cac khung tan s6 cd thé dugce chap nhan va két

qua co6 duoc su hoi tu nhanh hon [10].
2.3. Tiéu chuan lya chon hi¢u ning

Vi nhirng nguy@n tic hoat dong nhu trén, bo diéu khién xtr Iy bude séng
s& lya chon bup séng thu phat nhu thé nao? C6 bén phuong phap thuong duoc
ung dung cho gian anten trong théng tin di dong la: Phuong phap trung binh
binh phuong 16i nhd nhat (MMSE), phuong phép ti s6 tin hiéu trén téng tap &m
va nhidu I6n nhap (MSINR), phuong phap gia tri Ién nhat ¢ thé (ML) va
phuong phap do dao dong nho nhat (MV).

Trong phan nady, d6 &n trinh bay vé ba phuong phép xac dinh vécto trong
sb cho gian anten thich ang l1a phwong phdp MMSE, MSINR va MV.

2.3.1. Binh phwong trung binh 18i nhé nhat (MMSE)

Phuong phap binh phuong trung binh 16i nho nhat (MMSE - Minimum
Mean Square Error) dugc dua ra bai Widrow et al. Su chon lya theo yéu ciu
sai khac nho nhat gitra tin hiéu dau ra y(t) va tin hiéu mong muon s(t). Trén
thue té, tin hiéu mong mudn s(t) khdng duge biét trude. Tuy nhién cé thé ding
mot s6 ky thuat, phuong phap ude tinh mot s6 tham sé cho tin hiéu mong muén
s& dugc mot tin hiéu tham khdo r(t) gan ding nhu tin hiéu yéu cau. Khi do,

vécto dit liéu dau vao duoc cho boi:

X(t) = s(t).a(d) + u(t) (2.16)
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DPé &n tét nghigp Pai hoc
X(t) = s(t) +u(t)
Trong d6, a(d) 1a d6 dap tng gian, u(t) bao gém vécto tap 4m trung binh

muic khong va cac nhidu khong twong quan. Pdi vai gian thich tng bang hep,

tin hiéu dau ra co thé dugc biéu dién theo cong thirc:
y(t) = w'X(t) (2.17)
CAc tin hiéu 16i dugc mo ta theo cong thuc:
e(t) = r(t) - y(t) (2.18)

r(t) - o™"X(t)
Va trong sd duge chon lwa dé 16i binh phuong trung binh 14 nho nhat

trong tin hiéu 16i
(2.19)

e{le()I"} = e{Ir(t) - W X O}

Trong d6: e{.} 12 phép toan thé hién bién d6i cua hé thng.

Khai trién cong thire (2.19) ta dugc:

e{le(®F} = e{Ir®F} - w'e{X (-1} - w"e{X(X).r O + we{X®)x"O}o
(2.20)

= 8{|r(t)|2}' wTr*xr _erxr + (DHRXX(D

Trong do:

Ixr = S{X*(t).r(t)} . goi 1a Vecto twong quan

Rux = e{X(t).x"(®)} : goi 1a Ma trdn thong ke.
()" : phép lién hop phirc
Vécto trong s6 ¢ thé duoc lwa chon bang cach thiét 1ap Gradien trong

cdng thie (2.20), cu thé 1a xac dinh o sao cho ham 16i binh phuong trung binh

nho nhat, tirc 13 khi Gradien ctia né gan dén khong (zero) [8 /96 ].
(2.21)

vwg{e(t)\z}: 0

39
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Véi ;= a; + jbi, A 1a ham khong phu thudc vao o, ¢ 12 hang s6 thi:

V(o" Aw) =2Aw
V(o"c)=2c (2.22)
V(c"w)=0
Ap dung cong thirc (2.22) va (2.20) vao (2.21) ta dugc:
2r+2Ro =0
Vay két qua thu dugc 18: ®pmse = @opt = R'T (2.23)

Khi d6, ta tinh dugc gia tri 18i trung binh binh phuong bang cach thay két
qua (2.23) vao cong thac (2.20) ta duogc:

— 2N — 2 H -1
MMSE = e{[e(t)["} = e{lr()"} - rv Rux ™ Ixr (2.24)
2.3.2. Ti s6 tin hiéu trén tap Am va nhiéu 16n nhat (MSINR)
Phuong phap ti sé tin hiéu trén nhiéu va tap dm Iém nhdt (MSINR -
Maximum Signal to Interference plus Noise Ratio), 1a phuong phap lya chon

vécto trong sb ® sao cho ti s tin hiéu trén tong nhidu va tap am dat cuc dai. Ta

Xét lai cong thirc (2.9) va (2.16), ta ¢6 ham tin hiéu dau ra duogc viét dudi dang

y(t) = 0"X()
= @"'s(t) + o"u(t)
= Ys(t) + yu(t) (2.25)
Gid tri trung binh caa SINR diu ra c6 dang:

‘ys(t)‘z _ . o"sit)s" o | o"R.o
v oF | lefu@ut o] o"R,o

uu

SINR =¢

(2.26)
Trong do:
Res = £{s(t).s" ()}
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Rus = e{u()-u"(0}
L4y gradien ctia SINR trong cong thirc (2.26) ta dugc:

V(e"R @).(0"R,0) - (0"R . 0)V(0w"R, o)

V,SINR = ‘ .
(0" R, ®)

_ 2R w.(0"R,m) - 2R 0(0" R ).
- (a)H Ruua))Z (2.27)

Ta c6 thé xac dinh dugc trong s6 @y bang cach cho v, SINR =0, khi d6:

H
R w_a) R, @
ss T H

R,®=SINR.R, @ (2.28)
0]

R @
Ton tai nghich dao cua Ry, Vi vay cdng thire (2.28) ¢6 thé viét dudi dang
R,uRs® = SINR® (2.29)

Trong cac trudong hop tong quat can chd y dén vé phai cua cdng thuc

(2.27), n6 c6 thé dat dén gia tri cuc tri khi R™, R dat gia tri cuc dai hoic cuc

tiéu. Gia tri cuc dai Amax thoa mén céng thirc:

Rus? Rss® = Amax® (2.30)

So sanh hai cong thace (2.30) va (2.29), thay Amax bang SINR, khi ton tai

Amax S& CNO ta gid tri clia trong S6 mep Can tim boi cong thic:

_ RuRs@y  Rilefs(t)a(9)sma" (9)}

a)opt = =
SINR SINR
_ Ru‘ul.a(H).aH (0).wopt.g{| s(t) I’} 1
SINR (2.31)
a" ()., -¢{| s(t) '}
bt f = ta dugc (2.32)

SINR
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Vécto trong s6 ¢ dang tuong tu nhu cong thic Wiener-Hopf:
®sINR = Ogpt = PR, a(6) (2.33)

2.3.3. P dao dong nho nhat (MV)
Ta xét lai cong thirc (2.9), (2.16) va (2.4) ta co:
y( = 0"X(1)
= @"'s(t) + o"u(t)
=n"a(0)s(t) + o"u(t)

bat g = oJHa(H). Khi d6, d§ dao dong cua tin hi¢u dau ra cua gian duoc

cho boi cong thire:
var{y()} = e{[y(t) - gs(OIly(®) - g1 }
= efo " u®)[0"u®)]"} = 0" RL® (2.34)
Str dung phuong phap Lagrange,
V{0 Ru® — B(g-"a(6))3 = 0 (2.35)
Suyra: Rym—pa(d)=0 (2.36)

Do Ry, ton tai gia tri nghich déo, nén vécto trong 6 trong phwong phap

nay xac dinh theo cong thirc:

OMy = Wopt = B Ruu-la(g) (237)
R g
Voi B = 2" (O)Ra(0) (2.38)

2.4. Thuat toan thich wng

Vén dé dit ra trong viéc nghién ctru ché tao gian anten thich tng la can
diéu khién céc tham sd trong sd o cua bd tao tia sao cho giam dugc ti da tin

hiéu can nhiéu cua nhimg nguoi dung khéng mong mudn. Yéu cau dit ra la
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phai tim ra duoc nhitng phuong phap diéu khién bo tao tia thay d6i kip véi su
bién ddi cua tin hiéu.

Viéc diéu khién bo xur ly bat ky thudng tuan theo hai buéc sau:

- Thiét 1ap ham muc tiéu danh gia.

- Tao ra mdt tip cac chuong trinh dé thay ddi céc trong sb cua bo tao

tia dé sao cho théa man ham muc tiéu da dé ra.

Céac phuong phap dé tao ra chuong trinh diéu khién trong sé cua bo tao
tia trong gian anten thich ng duoc goi la nhizng thudr toan thich #ng (adaptive
algorithm). Mot s6 thuat toan thich tng nhur:

1. Trung binh binh phuong bé nhat (LMS).

2. Nghich ddo ma tran mau (SMI)

3. Pé quy binh phuong tbi thiéu (RLS)

4. Hiéu phuong sai bé nhat.

5. Cong suit dau ra cuc dai.

6. Do loi cuc dai

Céc tiéu chuan nay thuong duoc biéu thi bang ham muyc tiéu va gin chat
Vi chat luong tai dau ra ciia gian. Viéc diéu chinh cac trong s s& 1am cho ham
muc tiéu cang bé dan theo timg budc 1ap. Khi ham muc tiéu dat gia tri bé nhat,
lic d6 tiéu chuan duoc dé ra 1a dat duoc va thuat toan duoc goi 14 hoi tu.

Poi véi gian anten thich ung c6 thé su dung dugc nhiéu thuat toan.
Nhung chon thuat toan no thi phai can ctr vao bai toan dit ra va cac yéu to sau:
- Téc d@b héi tu: N6 duge xac dinh bang sé bude 1ap can thiét ¢é thuat toan

hoi tu dén nghiém t6i wu.
- D¢ bam: Khi thuat toan téi wu hoat dong trong méi trudng khong dimg,

thuat toan can phai bam duoc cac thay d6i thong ké trong méi truong.
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- D¢ théng minh: Biéu thi nang luc cua thuat toan thoa mén céc diéu kién sb
liu dau vao.

- Do phirc tap tinh toan: Bao gém sO thuét toan, dung lugng bd nhé can
thiét dé luu trix s6 liéu va chuong trinh, chi phi thap.

- Pon gian ca phan cing 14n phan mém va phuong thire t6 chic hé théng.

Nang cao hiéu qua st dung bang tan truyén dan

Sau day, dd an trinh bay vé ba thuat toan thudng duoc sir dung nhat 1a
thuat toan binh phuong tdi thiéu (LMS), thuat toan dé quy binh phuong nho
nhat (RLS), thut toan nghich d¢ao ma tran mau (SMI).

2.4.1 Thuit toan binh phwong trung binh t6i thiéu (LMS)

Thuat toan binh phuong trung binh téi thiéu (LMS - Least Mean Square)
| thuat toan thich irng phd bién nhit cho d6 thich nghi cao. N6 cho phép chon
lya vécto trong sd dé binh phuong trung binh 18i tién dén gia tri nho nhat.
Thuat toan LMS cho phép cép nhat vécto trong s tai thoi diém (n + 1) theo
cong thuc:

o(n+1) =a(n) -~ Vele' (N} (2.39)

Trong d6 p 1a “khoang kich thudc” didu khién cac tham sb hoi tu cua
o(n), p thoa mén:

1

1< u < (2.40)

max

Amax 12 gid tri thich hop 16n nhat cua ma tran dao dong Ry, mit khac:

ve{ed(n)} = -2ry + 2m(n) (2.41)
Thay (2.41) vao cong thic (2.39) ta duoc:

Viéc cap nhat trong sO theo cong thuc (2.42) can phai biét trude bo hai

tham sd Ry VA Iry. Dé don gian, nguoi ta thay cac cong thirc tinh Ry Va Iy
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Ry (1) = X(n).X"()
re(n) = x(n).r(n) (2.43)
Thay vao (2.42) ta duogc:
o(n+1) = o(n) + p[x(n).r'(n) - x(Mx"(no(n)]
= o) + px)[r'(n) - X" (Mo()]
= o(n) + px(n)[r'(n) -y (]
= w(n) + px(n)e’(n) (2.44)
Tdc d6 hoi tu cua thuat toan LMS phu thudc vao gia tri cua p, va no ti 1€

nghich véi su cac gia tri thay d6i ciia ma tran thong k& Ry

2.4.2 Thuit toan dé quy binh phwong t6i thiéu (RLS)

Thuat toan Pé quy binh phuwong ti thiéu (RLS - Recursive Least
Squares) st dung binh phuong 15i nhd nhat dé wde tinh vécto trong sd.Vécto
trong s6 dugc chon khi gia tri cia ham tinh téng cac binh phuong 16i 1a nho

nhét thong qua khung thoi gian.

Q(n) =3 7" 'fe(i)] (2.45)

Trong do6: e(i) dugc dinh nghia boi cong thire (2.18) va 0 <y <1 la “hé
s6 quén”. Str dung phuong phap binh phwong cuc tiéu, vécto trong quan va ma

tran théng ké dugc cho bdi cong thuec:

R (1) =37 X()X" (i) (2.46)
e ()= 27" x()r (i) (2.47)

Céc hé s ngoai xac dinh twong tmg khi i = n, ta dinh duogc:

Ru(n) = YRy(n-1) + x(n).x"(n) (2.48)
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(n) = yh(n-1) + X(n).r' (n) (2.49)

Ap dung dinh nghia cia Woodbury, ta xac dinh dugc nghich dao ctia ma tran
thdng ké

Rxx-1 = Y-l[Rxx-l(n'l) + q(n)x(n)-Rxx-l(n'l)] (250)
Trong do:

y R(n =1)x(n)
_1 " (n)Rxx (n _1)X(n)

q(n) = s (2.51)

Ta thay, vécto trong sd ¢ thé dugc cap nhat theo cong thirc (2.23):
@(n) = Ry (n).rx(n) (2.52)

= 7 Ry (n-1) + (X (n).Ruoc” (-1 [yNa(n-1) + Xx(n).r" (n)]

Két qua cudi cling ta dugc:

o(n) = o(n-1) + gM)[r (n) + o"(n-1)x(n)] (2.53)
2.4.3. Thuat toan nghich ddo ma tran mau (SMI)

Thuat toan nghich dao ma tran mau SMI (Sample Matrix Inversion) su
dung cong thirc (2.24) trong phuong phuong phap trung binh binh phuong cuc
tiéu (MMSE), khi ma ca tin hiéu mong doi va tin hiéu tham khao déu da biét va
coi nhu ¢6 cung do uu tién. Néu nhu ca tin hiéu yéu cAu va tin hiéu tham khéo

déu chua biét, ta ciing ¢ thé wde tinh nd théng qua vécto dit liéu dau vao.

R (n) = 23 x (i) x" ()
. * (2.54)
e () = =% x(i)r (i)

Ap dung vao cong thic (2.23) ta ude tinh duoc vécto trong s sir dung

phuong phap SMI nhu sau:

®(N) = Ry " (N).1e() (2.55)
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Thuat toan SMI 12 mot thuat toan “khdi thich Gmg” nén ¢6 c6 téc do udc
tinh viéc chon lwa vécto trong sé mot cach nhanh nhat. Tuy nhién, viéc tinh
toan rat phurc tap do viéc phai tinh ma tran nghich dao ctiia ma tran thong k& Ry
la mot ma tran kha 16n.

2.5. Lgiich cuaa gian anten thich t@ng

Viéc trg dung gian anten thich tmg cho cac hé thdng truyén dan, nhat 1a
d61 v6i hé thdng thong tin di dong s& mang lai rt nhiéu ich loi, vi du nhu: cai

thién chit luong tin hiéu, m& rong pham vi truyén tin, ting cong sudt phat,...

2.5.1. Cai thién chit lwgng tin hiéu

Viéc sir dung anten gian thich tng nhiéu chén tir ¢ thé s& dugc cung cap
thém bo khuéch dai anten, chat lwong tin phu thudc vao chi sé cu thé cua cac
chan tir. Anten gian thich ing gitip cai tién dang ké ti s6 tin hiéu trén tap 4m va
nhiéu SINR.

Ti s6 tin hiéu trén tap am va nhidu dau vao dugc dinh nghia 12 SINR,.
Néu nhu mirc nhiéu nhé hon chi s6 mic do rdi (DoF — Degree of Freedom)
DOF = M — 1, va SINR d4u ra ndm trong moi trudng don hudéng (khong c6 pha

dinh nhiéu duong) s& duoc xac dinh theo cong thic:

SINRg = M.SINR;j, (2.56)
Hoac la:
SINRy[dB] = 10log;oM + SINR;,[dB] (2.57)

V6i M 1a s6 chéan tir cua gian.

Trong mdi truong cd pha dinh nhiéu duong, néu viéc xu ly tin hi€u thyc
hién ca trong mién khong gian va thoi gian, ddi v6i hé thong bang rong thi
SINR con phy thudc vao chi sb cua thiét bi TDLs va tham s pha dinh. Xét
trudng hop pha dinh hai duong, tré hudng toi 14 tir 0° dén 30°, khi d6, SINRoy

dugc udc tinh theo cong thure

SINRou[dB] = 1010g:oM + 10 l0g1e2 + SINR;,[dB] (2.58)
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NG c6 nghia 1a SINR dau ra s& ting thém 3dB trong méi trudng pha dinh
nhiéu duong. Tuc 12 néu moi trudng truyén dan 13 pha dinh nhiéu dudong hon,
thi cac tin hiéu khac s& bi chén vao nhiéu hon. Hinh sau 1a d6 thi biéu thi su

phu thudc ctia SINR dau ra vao sé chén tir anten va SINR dau vao.

—SNRin=-10dB — SNRin=0dB —SNRin=10dB

w
o

o
o

|
|

[N
o

]

B

o

|
|

[
o

SNR dau ra [d

'
—_ —_
o o

2 3 4 5§ 1 5 9 10
SO chdn tu cua gidn anten
Hinh 2.10 Chat hrong tin hi¢u cua gian anten thich ung

2.5.2. Mé rong pham vi truyén tin
Tir cong thie (2.57), ta thdy néu chi xét d¢én d6 khuéch dai cua gian anten
G = 10l0g:oM (2.59)

Nhu vy, viéc c6 thém do khuéch dai trén s& gilp cho tram gdc c6 thé
mé rong kha nang truyén dan. St dung gian anten thich Gmg c6 gdc phét tin
hiéu nho (d6 tinh hudng cao), sb duong mat tin hiéu s& cd dang luy thira bac o,
Pham vi truyén dan REF (Range Extension Factor) dugc cho boi cong thuc

[20]
1
a

rarray
REF = —=— = M 2.60

conv
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Trong do:
reonv: L& dai phit song cua gian anten don chén ti.

lamay: LA dai phu song cua gian anten M chan tir

Vung phuc vu cua hé thong ECF (Extended area Coverage Factor) khi

dung gian anten thich mg dugc mo rong ra mot khoang:

r

conv

rarray i 2
ECF =| —— | =REF (2.61)

Hinh duéi mé ta su phuc thudc ving phuc vu caa gian anten vao sb
luong chan tir cua gian. Ta thiy, néu sé chan tir 12 6 thi vang phuc vu caa gian
s& rong ra gap doi khi o = 5. Viéc mo rong dwoc ving phuc vu s& ¢6 loi rit 16n
trong viéc giam so tram gdc, cu thé trong trudong hop trén, s luong tram gbc s&

chi bang mot nira so voi viée chi dung anten thudng. [21 / 84 + 94]

— =3 — =4 — =)
)
_—
4
: // _—
//
_— I—
2 /// <///
L P
o -z
1
0

1 2 3 4 5 6 1 8 9 10
S0 lugng chan tu

Hinh 2.11 Cai thién vung phu séng nho gian anten thich ung
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2.5.3. Tiét kiém cong suat phat

O muc 2.5.1, ta thay khi str dung anten gian thich tmg cho phép ting
d6 khuéch dai cua gian anten. V&i @6 khuéch dai ndy, nguoi ta cd thé giam
cdng suat phat di tai tram gdc (BS). Néu yéu cau vé mat do cong suat khong
d6i thi viéc str dung anten gian thich ing M chan tr cho phép ta giam cong
suat yéu cau xudng M™ lan, khi d6 cong suit yéu cau dau ra cua bo khuéch
dai cong sut tai tram gdc c6 thé giam M? lan. Viéc giam cong suit phét cho

phép tiét kiem chi phi thiét ké va lip dat mang.

2.6. Tong két chuong 11

Trong chuong 11, ta gia do an d& trinh bay nhitng hiéu biét chung nhat
ctia minh vé thiét bi thu phat vo tuyén — anten, anten thdng minh, gi6i thiéu so
luoc V& hé théng anten thdng minh chuyén bup (SBA). Ngoai ra, tac gia da cb
gang trinh bay kha cu thé vé& hé thng anten gian thich tng (AAA), bao gdm
cac van dé nhu: Céu trlic cua gian anten thich tng, viéc tao blp séng trong gian
anten thich tng, céc tiéu chuan chon lya hiéu ning, cac thuat toan thich ung va

nhitng loi ich ma gian anten thich ttng mang lai khi st dung.

Tur nhitng két qua nghién ctru dugce trén, tac gia xin phép duoc trinh bay
vé viéc tmg dung gian anten thich ung nay cho hé thong thdng tin di dong
CDMA trong chuong tiép theo.
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CHUONG Il
GIAN ANTEN THICH UNG CHO HE THONG CDMA

Do sy phét trién cua théng tin di dong, cac thé hé thong tin di dong thé
hé truée dan duge thay thé, cong nghé CDMA dang khing dinh wu diém cua
minh. Hé thong thong tin di dong 3G ra doi dd va dang ¢6 nhitng yéu cau cao
vé ki thuat dé nang cao hiéu qua truyén dan, tiét kiém tai nguy@n va ha gia
thanh dich vu.

Nhiing ky thuat cua anten théng minh néi chung cling nhu anten gian
thich tmg n6i riéng 13 mot cong nghé rat dang dugce quan tam toi. V6i nhimng gi
nghién ctru duoc, tac gia d6 &n xin phép duoc trinh bay vé nhitng tng dung cua
gian anten thich tmg cho hé thdng thong tin di dong CDMA. Noi dung dugc
trinh bay trong chuong nay bao gom cac van dé vé viéc sir dung gian anten
thich ng cho hé théng CDMA ma cha yéu 1a cho hé théng CDMA trai phd
chudi truc tiép. Cac van dé dugc dé cap 1a: cac ky thuat anten théng minh tng
dung cho hé thdng CDMA va nhiing g dung cu thé cho hé théng CDMA trai

phd chudi tryuc tiép vé cau tric hé thdng, dang tin hiéu, SNR.
3.1. Céac ky thuat ciaa anten théng minh cho hé thong CDMA

Trong phan nay, tac gia xin trinh bay cac ki thuat anten thdng minh c6
thé duoc tng dung trong cac hé thdng truyén dan vo tuyén, ma cha yéu la trong
hé thdng CDMA trai phd chudi truc tiép (DS-CDMA).

K§ thuat chii yéu duoc tng dung d6 1a ki thuat xir Iy khong gian cho céc
tram gbc (BS). Hé thong xu ly khong gian co thé dugce phan thanh hé théng cho
don nguoi dung hoic da nguoi dung. Trong hé théng da ngudi dung, bap séng
c6 thé duoc dinh dang cho nhiéu nguoi cing sit dung mét lic, hé théng thuc
hién xtr ly K tin hi¢u khac nhau va viéc xtr ly khong gian duoc ap dung doc lap
v6i méi tin hiéu. Cau tric co ban cua hé thong xt ly khong gian duoc cho &
hinh 3.1.
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Don tré
Khong lién két \
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Hinh 3.1 M6 hinh b6 loc khong gian cho Tram géc CDMA

3.1.1. B§ xir ly khdng gian CDMA khéng lién két

LPF —@P— Te/2
Tin hiéu
{r anten BT -
EG P X d](‘?ioxlg‘;g
0
é} I _@‘} j M dii o
Mach vong
Cos(2nfty khot tré pha o |,
64 6
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Tin hiéu 64
tlr anten 1 325 -
] -90° Py .('). X d];ioxllfl);:g
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Hinh 3.2 Trién khai hé thong nhiéu anten khong lién két cho b thu tram gbc CDMA
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Trong ho cac thiét bi xir ly khdng gian cho hé théng CDMA, chiing ta c6
thé chia ra thanh céc hé thong lién két (coherent) va khdng lién két (non-

coherent).

Viéc dinh dang CDMA trén duodng lién két dao cua 1S-95 st dung diéu
ché truc giao 64-chip. Trong diéu ché truc giao 64- chip, mdi ky hiéu diéu ché
déu truc giao vai cac ky hiéu khac. Bo tach tin hiéu trong diéu ché truc giao la
mot tap hop cac b loc doi ximg. Cac bo loc dbi xtmg ndy bao gém céc bo loc
d6i xung cho tit ca 64-chip diéu ché. O dau ra cua bo loc ddi xtng, tin hiéu
manh nhit 14 tin hiéu duoc lra chon. Khi sir dung phuong phép diéu ché truc
giao, tin hiéu dau ra duoc xéac dinh bing phép cong tong cac tin hiéu twong tng
& dau ra cua cac bo loc dbi xing tir mdi anten. Hinh 3.2 md ta mot hé thdng st

dung diéu ché 4 chip trén mdi chip Walsh duong xudng.

Kién tric dugc néu o trén khdng yéu cau phai co thiét bi thich tng va
khuéch dai cung cap. Tuy nhién, hé thong khdng lién két c6 kha nang chéng
nhiéu va quan ly da dudng [8 /119]. Hé thdng khong lién két c6 kha niang quan

ly sy da dang cua cac bo khuéch dai cua cac tin hiéu tryc giao.

Véi mdi nhom tin hiéu sau giai trai phd duoc khod pha biang mot do tré
khac nhau. Tai méi tin hiéu nay c6 M nhanh trong dang cua tin hi¢u khong lién
két. Ching ta c6 thé d& rang trién khai hé théng gian anten khong lién két, hé

thdng da tré, thiét bi thu don nguoi ding nhu hinh 3.1.
3.1.2. B§ xir ly khdng gian CDMA lién két

Tuy theo ciu tric va yéu cau caa bo xu ly khéng gian lién két c6 thé chia
thanh: bd xur Iy don ngudi dung, bd loc khdng gian phia thu. Cau tric cua mot

bo xtr ly thuong cd dang nhu hinh 3.3 dudi.

Trong so d6 cau tric ndy, dit liéu dé cap nhat trong sé duoc xac dinh tir

dir liéu dudng 1én. Cac dit liéu ndy dugc dua qua dau vao cia bg loc doi xing
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chip Walsh (WCMF) dé kiém tra, dir liéu dau ra s& duoc két hop vai cac thuat
toan thich ttng cho CDMA.

Thuét toan cap nhat Dt li¢u vao
" -
trong so
Tin higu : Giai trai phd
IF t]:r R R
anten 0 : 52
——D “Cos(27tf0+\|/) A
—> A [ o P
: I -90
Tin hiéu s
IF tur : o
anten M-1 X LPF X j
kéthoptin :
© hiéu khong Pa
S gian......... B
Vong khoa tré pha
3,2 us ~ ~ T Y
Bo loc . R . Ma Phat hién
> J; X - d5i ximg _64> So sanh —6> Chén lai P Viterbi — CrRC ™

Hinh 3.3 Gian lién két cho thiét bi thu cta hé thong CDMA

Tai phia thu caa tram gbc CDMA, dién ra qué trinh nguoc lai cua giai
trai pho, két hop tin hiéu khdng gian. Néu nhu ching ta giai trai phé tin hiéu
thu duoc trude, sau do ngay lap tic dua tin hiéu tir mdi nhanh qua bo két hop
khong gian trude hodc sau bo loc ddi xung chip Walsh thi quéa trinh xt ly
khong gian cho ra giéng nhu md hinh trong hinh 3.3. Trén thyc té, tin hiéu tur
tat ca cac chan tir ciia gian c6 thé sé tang 1én rat nhiéu do cac gia tri vo hudng
khong chira thong tin khong gian caa vécto dit liéu thu. Tuy nhién, cau tric ¢
hinh 3.3 1 c4u trdc tién tién nhat cho cac bo thu tai tram gbc CDMA, béi 1& n6
chi yéu cau mot modun giai didu ché cho mdi bo thu loc khdng gian. Néu
chlng ta dao trat tu gitra két hop tin hiéu khdng gian va giai trai phd thi can

phai c6 M b giai trai phd cho mdi bo thu loc khdng gian.
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Vi gian anten sir dung dai bang tan hep, hé thong s& lam giam anh
huong cua nhidu cho hé théng da duong khong twong quan, nhung day ciing
khong han 1a mot loi thé vi tinh da dang ctua duong thich hop van chua dugc
nghién ciru. Tuy nhién tinh da dang dudng van c6 thé dugc phuc hdi duge nho

viéc sir dung hé thong gian anten thich tng.

3.1.3. Xir ly khong gian cho hé théng nhiéu nguai sir dung

YV
h¢

®o
« B0 loc
o 2 > Tré > 5 dilgitglr}g .
B Ioc B3 i ding 0
| | doi xifl}g | taolai | v
« nguoi ngudi !
N 1 dung 1 dung 1
B¢ loc s
déi ximg B6 tai tao

7 nguoi [ lg}i ngudi My vk
ding K-1 | | dimg K-l

Cap nhat trong s6

Hinh 3.4 Bo xir Iy khong gian cho nhiéu nguoi st dung

O nhitng hé thdng tach tin hiéu da nguoi sir dung ding chung, cac tram
gdc tién hanh giai diéu ché ddng thoi K tin hiéu ¢ phia thu. Ca K tin hiéu nay
déu chiu anh hudng cua nhiu da truy nhap (MAI). Bai 18 ca K tin hiéu ndy déu
duoc phat & cing mot dai tan sb trong cung mot thoi diém, trong khi nhing
ngudi st dung ndy lai ndm trong cling mot té bao (cell), hodc chi c6 mot vai
ngudi trong s6 K ngudi sir dung nay ding céc tram goc khac nhau. Do d6, néu
nhu tram géc phan biét va nhan thuc duge mot sb tin hiéu, dinh dang nhirng tin

hiéu nay cé thé 1am giam hoic loai bo mat tin hiéu. Viéc loai bd MAI can dugc
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thuc hién ¢ tit ca cac tram gdc, day 12 mot yéu cau can thiét ddi voi thiét bi thu
& mdi tram gdc khi xtr ly tin hiéu.

Tin hiéu da nguoi st dung c6 thé dugc tach nhd phuong phéap xir ly
khong gian. Cau tric mot b xu ly khdng gian véi bé chong nhiéu song song
(PIC) dugc cho bai hinh 3.4. Cac tin hiéu cho mdi nguoi dung khac nhau déu
duoc giai diéu ché va téi tao lai. Pai luong trong s6 véi mdi tin hiéu tai tao lai
la duy nhit tir tin hiéu cho mdi nguoi st dung. Trong hé théng nay, bo i Iy
khong gian c6 nhiém vy g& bo nhitng anh hudng cia nhiéu do khéc biét khong
gian. Kién trdc ti thiéu cua PIC cho phép khéi phuc nhitng hau hét nhitng anh

huong cuaa MAL.

N6i chung, ¢ ché d6 da ngudi dung, nhitng hé théng Xt ly ding chung
can ¢6 nhirng bo loc khdng gian doc lap, nhung do phirc tap trong viéc xt Iy dit
licu trén may tin s& 1a mot kho khan 16n. Van dé giai quyét bai toan nay da thac
day cac nha khoa hoc khong ngirng nghién ctiru dé c6 nhirng thuat toan xu ly

khong gian mai hiéu qua hon.
3.1.4. Tao blp s6ng dwong xudng cho hé thong CDMA

Nghién ctru ciu tric kénh dudng xudng cua hé thdng thong tin di dong t6
ong 1S-95, c6 mot s6 kénh dudng xudng khién ta quan tdm nhu kénh hoa tiéu
(pilot), ddng bo (sync) hay kénh tim goi (paging), ching can phai xé&c dinh
vung phu song lién tuc trong mét dai hinh quat. Céac thué bao di dong trong cac
viing nay can phai xac dinh dugc dai hinh quat phu hop dé cung cép dich vu.
Hé théng CDMA trung binh bi gi¢i han géc tao blp séng duong xubng khi st
dung. Do d6, dé cai thién hiéu nang cua hé théng CDMA can phai diéu khién
duoc cdng suat dudng xudng theo khéng gian.

Pay 1a mot vin d& chung ddi voi hau nhu tit ca céc giao dién vo tuyén.
Vi du nhu trong hé thdng GSM/DCS-1900, kénh diéu khién quang ba (BCCH)

can phai duoc cung cip thuong xuyén théng qua mdi dai tin hiéu hinh quat
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dinh truge. Dbi v6i hé thong CDMA, cong suit caa kénh hoa tiéu yéu cau phai
& gitta khoang 15%+25% cua tong cdng suat truyén dan trén mdi song mang &
mot dai quat. Do do, dé cai thién hiéu niang cua hé théng CDMA bang phuong
phap diéu khién khong gian dé hiéu chinh céng suat dudng xubng.

Mot hé thdng tao blp séng cho dudng xubng cua hé théng CDMA ¢6 ciu
tric nhu hinh 3.5, trong d6, cdng suit phat cho mdi kénh duoc tinh toan trudc

theo nguyén ly cta kénh di dong & bang 3.1.[8 /48 ]

Kénh % cong suat RF
Kénh hoa tiéu (pilot) 20 %
Kénh ddng bo (Sync) 2 %
Kénh tim goi (paging) 14 %

Cac kénh luu lugng
(All traffic Channels)

64 %

Bang 3.1 Phan b cdng suit trong 1S-95

Nhan té co ban trong viéc tap bup séng duong xudng 1a khéng sir dung
cac tin hiéu khac nhau trong cuing mét té bao. Chinh vi thé, viéc tao bip séng &
duong xudng thuong giam dang ké cong suat truyén dan ¢ tram gbc, luong
cdng suat chi can dua dé thiét b thu tai thué bao nhan dugc khung trong khi thuc
hién tach céac tin hiéu nay.

Khi tao blp séng duong xudng cho hé thdng thong tin di dong CDMA
can phai chil y mot s6 diéu sau: yéu cau quan trong nhat la can phai tao ra bap
séng duong xudng ddi cho ca phia trudc va phia sau. Thir hai, bat ky mot su
thay d6i nao vé pha va bién do dap ung cua mot bo khuéeh dai, mot bo loc hay

ctiia mot anten bat ky déu can c6 su thay d6i phu hop cua bip song.
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Hinh 3.5 Hé thong diéu khién cong suat khong gian dudng xuéng CDMA

Khi tao bup séng dudong xudng cho hé théng CDMA thuong gap phai
mot s6 kho khan. Do tin hiéu luu luong duong xudng caa hé thong 1S-95 4 tin
hiéu diéu pha gidng nhu tin hiéu cua kénh hoa tiéu. Néu nhu qua trinh truyén
dan tin hiéu luu luong sir dung bip séng hep, trong khi tin higu hoa tiéu lai st
dung bup séng rong theo mot dai quat, didu ndy dan dén viéc ca hai tin hiéu nay
s& bi chén Ian nhau trén cung mot kénh. Can sir dung nhiing loai anten truyén
dan khac nhau duoc thiét ké dua trén méi quan hé gitta pha caa bap séng hep

cua kénh luu lugng va pha cua kénh hoa tiéu st dung giai quat 16n.
3.2. Gian anten thich vmg cho hé thong DS-CDMA

Trong phan nay, d6 4n nghién ctu tng dung cua anten gian thich Gng
cho hé thong thong tin di dong CDMA trai phd chudi truc tiép (DS-CDMA).

Cac van dé vé ma trai pho, dang tin hiéu cua tin hiéu tham khao, Iyra chon hiéu
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ning cho hé théng. So sanh hiéu qua véi may thu RAKEs hai chiéu (2D
RAKE) trong kénh pha dinh nhiéu duong.

3.2.1. C4u hinh h¢ théng gian thich ing cho DS-CDMA

s(t) s(t) s(t)
m® ) 204 w4

x(t) x(t) x(t)

X _JM‘»
1 % A

1 f,
F e _g 5 >
T N
i
vl —T ]
1( A

'r|
%

>
7T -

Dang tin hiéu
yéu cau T
it

@

Ma

tréi phé Trong do:

FFT: Bién d6i Fourier nhanh
IFFT: Bién d6i ngugc Fourier nhanh

Hinh 3.6 Gian anten thich trng cho DS-CDMA

Céu trlic cua gian thich tmg cho hé théng DS-CDMA ciing twong tu nhu
hé thong anten gian thich tng thdng thuong. Tuy nhién, viéc st dung mau t6i
han s€ lam giam d¢ phuc tap cho viéc tao tin hiéu tham khao trong qua trinh xu
ly tin hiéu thu. Khi mau téi han duoc thira nhan, b loc phan tich 1am nhiém vy
chuyén dbi tin hiéu dau vao tir tin hiéu ndi tiép sang tin hiéu song song, va

chuyén d6i tir mau tin hiéu ndi tiép sang dai mau tin hiéu song song. Cac dai
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mau tin hiéu nay mién thoi gian duoc chuyén d6i sang tin hiéu & trong mién tan

s6 bang phép bién doi Fourier nhanh (FFT).

Trong qué trinh xtu ly tin hiéu thich tng trong cac dai nho, mot yéu cau
can thiét 1a can phai chuyén déi tin hiéu tham khao vao mién tan s nhu Ia tin
hiéu thu duoc. Trong hé théng anten gian thich trng cho DS-CDMA, tin hiéu
tham khao duoc tao ra tir md phan bé nguoi dung yéu cau va dang cua tin hiéu
thu. Trudc tién, nguoi ta st dung ma phan bo ngudi dung chuyén dbi vao mién
tan s6 bang bién d6i Fourier nhanh. M4 phan bé trong mién tan sb nay duogc sir
dung dé tao dang tin hiéu. Két qua cua viéc xir Iy cdc mau tham khao trong
mién tan sb s& cho ra c4c dai tin hiéu twong wng trong mién tan sé.

Dai tin hiéu sau khi danh trong s6 bang phuong phép chon lya trong s6
riéng, bién d6i IFFT thuc hién chuyén déi tin hiéu tir mdi dai con trong tin hiéu
téng cua gian f thanh tin hiéu dua toi dau ra caa gian tin hidu yy(t) trong mién
thoi gian. Tin hiéu dau ra cua gian 1a tin hiéu ndi tiép dugc chuyén d6i nho mot
bo loc tong hop hoidc bo chuyén doi song song - néi tiép (P/S) néu nhu can thiét
cho bo 1dy mau cua hé thdng gian thich ung [14 ]. Khi d6, hiéu sut caa SINR
khong phu thudc vao bo loc tong hop bién doi tin hiéu yi(t) sang tin hiéu néi
tiép y(t), va qua trinh giai trai phd tin hiéu néi tiép ndy. Ching ta cé thé giai trai
phod truc tiép tin hiéu y,(t) bing ma trai phd duy nhat cho timg ngudi st dung
ck(t). Vai trd cua bo giai trai phd ¢ day gidng vai bo twong quan trong bo thu

BPSK trai pho chudi tryc tiép.
3.2.2. Dang tin hiéu

Xét hé théng hé thdng diéu ché khoa dich pha hai trang thai (BPSK) trai
pho chudi tryc tiép dong b, khi giai diéu ché loai bo tan s6 s6ng mang dé nhan
duogc tin hiéu ctia nguoi dung tha i sé cho ra tin hiéu dang

Si(t) = 0;.Ci(t).bi(t) (3.1)

Trong do:
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aj :1abién do phtc cua tin hi¢u thu duogc.
ci(t) : La mé trai phd gan cho ngudi dung thi i

cit)=cy €{-1; 1}, vT . <t<(v+D)T, (3.2)
bi(t) : ky hiéu nguoi dung thir i cho boi didu ché BPSK

bi(t) =by,e{-1; 1} uT,<t<(ut1)T, (3.3)

Trong (3.2) va (3.3) thi T, va T, la khoang thoi gian d§ dai cua bit va
khoang thoi gian do dai chip (chu ky bit va chu ky chip). Trong cac hé thdng
thuc té, T, thuong duoc lya chon 16n hon T, dé dat duoc do loi cao hon khi xt
ly, hiéu qua d6 dugc xéac dinh bang ti s6: Pg = Tp/T, >> 1.

Néu hé thong chiu su anh hudng ciia phadinh da dudng, khi thu dugc tin
hi¢u thu ctia nguoi st dung thir i s€ chiu anh huong ctia phadinh P;j gay nén su
khac nhau vé bién d6 ojp, 6 tré Tip, VA gOC t6i 0;p. Xét s anh huong do tin
hiéu cuia tit ca U nguoi st dung va tap am ndi bo, khi d6 tin hiéu nhan dugc

trén gian dugc viet dudi dang

KO=Y3 o, 87,607,360, 4

i=1 p=0
Trong do:
a(0ip): 1a vécto dap ng cua gian twong trng véi duong thir p cia
tin hi¢u nguoi dung thu i.
n(t): 1a vécto tap am trén cua gian, n(t) xac dinh bang cac tap 4m
tac dong 18n mdi chan tir

n(t) = [ny(t) na(t) ... nu(®)]" (3.5)
Néu gian 1a gian cach déu tuyén tinh (LUSA) thi vécto dap ung cta gian

c6 dang
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T
—j@sine

a(6,p)=[1 e * " .. e

27 .
—stmé)i'p

(3.6)

Tin hiéu s(t) dugc dinh nghia theo cong thirc:
Si,p(t) = ai,p.bi(t-ri,p).ci(t-ri,p).a(ei,p) (37)
Khi do, vécto tin hi¢u thu tir duong thr p cho nguoi thir i ¢6 dang

u R

X(t) =>> s, (t)+n(t) (3.8)

i=1 p=1

Sau do, tin hiéu thu X(t) duoc quyét dinh bai nhan t6 quyét dinh K, cac
dai mau trong mién thoi gian dugce chuyén ddi sang dai mau trong mién tan sb
bang bién d6i FFT. Cac ky hiéu voi phan tiéu dé mao dau duoc chuyén dbi
thanh vécto co chira cic mau trong mién tan sd. Vécto tin hiéu tai phan gian thir
n trong mién tan sé dugc cho boi biéu thirc:

P-1

U
~ ~ (n) ~
XM = Z Z Sip N () (3.9)

i=1 p=0

Ma tran thong ké cua gian cho boi cong thic:

R = g{(i‘“’)*(i‘“’)T} (3.10)
Néu nhu tai ngudi dung thi 0 (nguoi dung dau tién) ta c6 tin hiéu mong

mudn, trong khi d6 c¢6 dén (U - 1) tin hiéu khac khong phai tin hiéu yéu cau.

Néu nhu dang cua tin hiéu tai ngudi dung dau tién 13 do(t), khi d6, ¢ trong mién

tan s tin hidu yéu cau tai phan gian thir n & 1a:

Dk

K
F®=>"¢,(t—(k-1T,).d,(t) (311)
k=1
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Khi tin hiéu phan hoi ndi bd duoc chip nhén, vécto twong quan duoc xac

dinh boi

A _ g () = (n)y*

P —5{X (r*") } (3.12)
Néu dung phuong phap trung binh binh phuong 16i (MSE) dé Iya chon

trong s6 cho gian, thi vécto trong s6 duge xac dinh tuong ty nhu cong thirc

(2.23), &p dung trong trudng hop cu thé nay ta dugc

o™ = (R™)1p™ 6.13)

C6 duoc vécto trong sd, mdi gian anten s& sir dung mot bo bién doi IFFT
dé tao tin hiéu dau ra y(t), dai tin hiéu dau ra cia IFFT duoc nhan v6i ma trai

phd, tin hiéu yéu cau ctia ngudi dung thir nhét s& c6 dang vécto:
y(© = [yi® v ... ye@®I (3.14)
Co = [Co(l) C0(2) Co(K)]T (315)

Tin hiéu dau ra song song sau khi giai trai phd va cong lai s& c6 dang:

ye® =y'.co (3.16)

Nhu vay, tin hiéu dau ra cudi cing y(t) cua gian c¢6 dugc 1a tong cua cac
tin hiéu yi(t) trén mdi dau ra. Viéc ldy miu cong thém vao tin hiéu tuong
duong v6i mot bd chuyén dbi song song sang ndi tiép (P/S).

3.2.3. Tis6 SINR

Ti s6 tin hiéu trén nhiéu va tap 4m (SINR) cua tin hiéu dau ra chinh Ia
SINR trung binh tai véi mdi dau ra dir liéu. Vi vay, thay vi st dung tin hiu
dau ra y(t), ching ta c6 thé st dung tin hiéu trén mdi dau ra cua bo bién doi
IFFT y,(t). SINR trong c4u hinh caa anten gian thich ung duogc tinh toan

thdng qua hé sé twong quan chéo duoc dinh nghia boi cong thic (3.17).
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3{2 Yi (t)'rl* (t)}

Ja{2| AOIB 2 oNLTOTS:

Trong d6 ry(t) 12 miu tin hiéu tham khao trong mién thoi gian duoc

p =
(3.17)

tinh bai cong thirc
1
n(t) = gsl(t = (1-1)T,) (3.18)

Voi gian anten thich ung, tin hi¢u tham khao chinh 1a tin hiéu cua
ngudi dung dau tién. Vi vy, trong cong thire (3.17) ta c6 thé thay thé gia tri
cua r(t) theo céng thirc bang gia tri do(t).

Nhu vy, gia tri SINR dau ra phy thudc vao hé sé twong quan theo

cong thuc sau

_ el
SINR = m (3.18)

3.2.4. So sanh véi cac loai may thu RAKE

O phan nay, ching ta cing so sanh hiéu ning cua hé théng CDMA sir
dung gian anten thich tng vo&i hé thong tiéu chuan RAKE hai chiéu (2D
RAKE).

* So lwoc vé mdy thu RAKE

May thu RAKE hai chiéu tiéu chuan thuong 1am viéc nhé thiét bi duwong
tré rang buge (TDL) véi cac trong sd phire tap dé lién két hodc khong lién két
cac duong tré dé co duoc ti s6 SINR 14 I6n nhét [13 ]. May thu RAKE mét
chiéu chi ¢ céu triic cho phép 1am viéc trong mién thoi gian cua tin hiéu thu,
cac tin hiéu nay dugc nghién ctru dé uéc luong cho kénh tra 1oi. Do nhu cau

mudn ting két qua nghién ciru trong viée xir 1y tin hiéu theo khong gian va thoi
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gian, mot cau hinh RAKE méi ra doi duoc goi 1a may thu RAKE khéng gian
thoi gian, nd dugc biét dén nhu mot may thu RAKE hai chiéu (2D RAKE). 2D
RAKE la sy mé rong ciia 1D RAKE trong mién thoi gian. RAKE duoc gan két
v6i mot gian anten thich tng dé khai thac ca cau trac khong gian va thoi gian
cta tin hiéu nhan dugc dé c6 duge cong suit 1on nhat cua nhitng duong tré. Do
c6 thém kha nang udc lugng khong gian, nén may thu 2D RAKE cho phép han
ché rat nhidu anh huéng cua phadinh nhiéu dudng va nhidu da truy nhdp
(MAI), gitp ting dung luong kénh truyén din va cai thién ti s6 SINR dau
ra[12].

Khi xay dyng may thu 2D RAKE cho hé théng CDMA, d4 ton tai mot
phuong phap khac ciing cho ra két qua khong kém d6 1a tich hop may thu 1D
RAKE véi mot gian anten thich tng. Trong phan nay, chlng ta cling so sanh
tac dung ciia anten gian thich tmg cho CDMA véi may thu RAKE hai chiéu

tuong tng.

Y
|-
>
© t—py

b(t)

c(t) —»C)g

- Cap nhat *
trong soO

Hinh 3.7 M4y thu RAKE hai chiéu tiéu chuan cho DS-CDMA
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Dé giai quyét van dé trén, ching ta cing xem xét, nghién ciru mot may
thu RAKE hai chiéu c6 cau trdc nhu hinh 3.7.

Piém khac biét co ban giira AAA cho CDMA va may thu 2D RAKE la ¢
cach thurc nhan va xt ly tin hiéu trong phuong phép tao bup séng. Trong khi 2D
RAKE thuc hién tao bup séng trong mién thoi gian thi anten gian thich tng
cho CDMA lai tao bap trong mién tan s. Tuy nhién, hai cdu hinh nay c6 su
khac nhau c6 thé noi 1a trai nguoc d6 nhung lai ¢é ciing hiéu nang teong duong

trong ca hai moi truong phadinh da duong va phadinh don duong.
3.2.4.1. Péi véi kénh truyén thong don duong

Vé ly thuyét gian anten thich tng st dung bién d6i Fourier nhanh 1a mot
dang twong duong voi thiét bi duong tré rang budc thich tng TDLAA. Ca hai
phuong phép nay déu cho hiéu nang nhu nhau. SINR dau ra cua hé thong
TDLAA duoc xac dinh gidng nhu dbi véi ¢ anten gian thich tmg sir dung bién
d6i Fourier nhanh néu nhu s6 khoa cua b TDL bang s6 mau chuyén doi trong
bo FF. Nhu vay, két qua cho thay 1a anten gian thich tng cho CDMA ¢6 ciing
hiéu nang v6i RAKE hai chiéu, néu nhu sb phan gian cua anten thich tng 1a K
gidng véi chi s6 dai lam viéc cia may thu RAKE hai chiéu. Trong kénh truyén
dan don duong, SINR dau ra cua ca anten gian thich tng va may thu RAKE hai
chiéu déu doc lap voi chi sb khod K ¢ may thu RAKE cé chirc nang twong
duong nhu s anten M cua gian anten thich tng, do khuéch dai Pg va ti s6 tin

hiéu trén nhidu dau vao SNRy,, ¢6 quan hé véi nhau theo cong thire [15 ], [12].
SINRy [dB] = 10 logio(M) + 10 logio(Ps) + SINR;,[dB]  (3.19)
3.2.4.2. Kénh phadinh chon lwa tin s6 da dwong

Ta gia st rang c6 hai tin hiéu da dudng c6 cuing tan s6 phat ban dau cling
di toi gian: tin hiéu thing ¢ gdc téi trung vai goc téi AOA 1a 0° va tin hiéu tré

do duong truyén c6 géc téi AOA = 30°. Trong trudng hop nay, néu nhu tré cua
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tin hiéu tré duong 12 nhé hon so vai chi s6 ciia khoa 1am viéc, thi SINR dau ra

ctia may thu RAKE hai chiéu theo ly thuyét s& c6 dang
SINRy[dB] = 10 logso (M) + 10 logyo (Pg) + 10 log:o(2) + SNR;,[dB]
(3.20)

Trong khi d6 viéc nang cao dung luong lién két da duong ciia SBAA s&
lam tang chi sé cua céc gian con [11 /515], sir dung chi s6 phan gian 16n c6 thé
gilp tang SINR dau ra cua bo xur ly dong SBAA-CDMA. Két qua cho thiy may
thu RAKE hai chiéu va hé thong sir dung SBAA cho hiéu nang xir Iy nhu nhau.
Mot may thu RAKE hoan chinh ¢6 chra chirc nang caa anten gian thich (ng
cho CDMA[10].

3.2.4.3. D¢ phire tap ciia tinh toan

Trong phan nay, ching ta so sanh phwong phap xu ly cua cua may thu
RAKE hai chiéu hoan thién va tiéu chuan. Trong khi bo xir ly RAKE hai chiéu
tiéu chuan thu tin hiéu trén co s& cac chip tuong tng (chip-by-chip), thi may
thu RAKE hoan chinh 1am viéc nay & ché do khdi teong tng (block-by-block).
Két qua cho thay, hé théng RAKE hai chiéu hoan chinh can it cac thao tac toan

hoc hon.

O qua trinh cap nhat trong 6, ¢é mét lan cap nhat trong s6 cho anten sir
dung thuat todn SMI véi may thu RAKE hai chiéu tiéu chuan c6 K bo tré va
gian anten M chin tr thi can phai c6 dén (KM)? phép nhan. Trong khi do, voi
hé thng gian thich ung cho CDMA c¢6 K gian con véi M chén tir chi cin KM?
phép nhan. S phép tinh can thiét cho ca bién d6i Fourier thuan va nghich Ia
2K.log,K phép nhan. Nhu vy, tong s6 luong tinh toan can thiét cho mot hé
gian thich tng s dung cho CDMA chi la K(M® + 2 log,K) phép nhan. Mat
khéac, hé thong DS-CDMA thuong dugce trién khai voi do khuéch dai xa Iy Pg
khé 16n, nén gié tri K s& rat 16n, vi thé (KM)® >> K (M® + 2 log.K). Nhu vay

viéc str dung anten gian thich ung s& tiét kiém s phép tinh hon nhiéu so véi
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viéc sir dung may thu RAKE hai chiéu, mot vi du kha dién hinh khi trién khai
hé thong cho thdy may thu RAKE xir ly phirc tap dén thé nao, ta xét voi K = 32
thi may thu RAKE hai chiéu can xu Iy s6 phép nhan nhiéu hon hé théng anten
gian thich ung 14000 lan.

3.3. Gian anten thich ing cho hé thong DS-CDMA da mé, da toc d

Trong phan nay, db an trinh bay vé tng dung cua gian anten thich tng
cho hé théng CDMA trai pho truc tiép bang rong. Hé thdng nay can co cac cu
tric mém déo cho phép tram gdc c6 thé twong thich dong véi qua trinh truyén
dan da toc do tir cac thué bao. Noi dung duoc trinh bay tap trung vao cac van dé
vé Ciu trdc hé thdng, dang tin hiéu, SINR. Trong d6 chii yéu la céc van dé vé

tang chat luwong tin hiéu, chéng nhiéu, phadinh.
3.3.1. Thé h¢ DS-CDMA da ma da téc dd

Trong hé théng DS-CDMA, dir liéu truyén dan cua nguoi st dung toc do
cao duoc tach roi thanh céc ludng tin hiéu & téc do co ban, n6 cho phép chon
lya téc do nguoi dung thip nhat. Nhing ludng dir liéu ndy duogc trai phd va
truyén di boi cac ma khac nhau & cling mot do dai. Viéc trién khai hé thong da
ma c6 thé thuc hién duogc trong cling mot phuong phép truyén dan nhu trong
hé théng DS-CDMA don téc d6 chang han. Mot vi du vé hé théng DS-CDMA

da ma str dung hai tbc do truyén dan duoc cho bai hinh 3.7.

Xét mot hé théng DS-CDMA da ma da toc d6 hd trg Q téc do truyén
dan dir liéu khac nhau, né cho phép dap ung té1 Q 16p dich vu. Tai tbe do
truyén dan thap nhit (tdc d6 co ban) Ry dugc goi 1a 16p ngudi ding thir nhat.
Do dai tdc do duge phan déu cho cac 16p ngudi st dung, nén mot nguoi ding
bat ky & 16p q s& co toc d6 12 Ry = q.Ry, trong d6: q 1a s6 nguyén. Nhu vay, do
dai mot ky hi¢u dir li¢u cuia nguoi dung 16p q duogc xac dinh theo cong thirc Ty
= 1/Rq. Mot ngudi ding tha 1 cta 16p dich vu q c6 mé trai phé 1a (I, g), va ma
nay dugc mo ta theo thoi gian dudi dang ¢ 4(t). Trong hé théng CDMA da mé
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Nguoi dung
16p thu nhat

1]2]
- X
ca(t)

Nguoi dung !
16p hai l2
11234

3
<
i
L Ca1(t)
7

274

e x
czzﬁ

Chuc nang Walsh

Hinh 3.8 H¢ théng DS-CDMA da m4 hai téc d6
da toc do, dir liéu truyén din cua ngudi dung (1, q) duoc tach thanh g ludng,
mdi ludng déu c6 tdc do truyén dan bang nhau va bang tbc d6 cua nguoi ding
& 16p tht nhat. Ludng dit liéu thir i ctia nguoi dung (1, q) duoc xem 1a dit liéu
truyén dan tir nguwoi dung hiéu qua (i, 1, q) [23 /33]. Do d6, mot nguwoi ding vt
ly (1,) theo cach goi ndy & bao gdm q ngudi dung hiéu qua. Khi tién hanh trai
phé g tin hiéu ngudi dung hiéu qua nay, cac ma con duge xac dinh cho mdi tin
hiéu ngudi dung higu qua dugc tao ra tir viée tdch ma gdc t6i nguoi dung vat ly

(1, q) thanh g ma con cho mdi ngudi dung hiéu qua. M4 gdc duoc gan toi nguoi
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sir dung trong hé théng DS-CDMA 1a ma nhiu gia (PN) va khdng truc giao.
Str dung m& PN dinh hudng cho nguoi dung hiéu qua la nguyén nhan gay ra
hién tugng tu nhiéu (SI) do mot nguoi ding vat ly ¢ thé tao ra mot s6 nguoi
dung hiéu qua. Ma gdc duoc xtr Iy dé tao ra g ma con truc giao cho ngudi dung
(I, 9), nghia 12 ¢i ;gL ¢j1q VOi moii # j [22]. Néu ludng dit liu thir i ciia nguoi
dung (I, ), hay dir liéu cua nguoi dung hiéu qua (i, I, ) 1a bijg(t), tin hiéu

truyén dan tir nguoi dung (1, q) duoc cho boi cong thie

Q

S),4(1) = Z b7 4 (1).Ciy o (1) (3.21)

i=1
3.3.2. Céu hinh SBAA cho DS-CDMA da ma

Trong phan nay chdng ta nghién ciru ciu tric cia hé thong anten gian thich tmg
cho hé thong CDMA trdi phé chuéi truc tiép da ma bang réng. Cau tric caa hé
thdng dugc cho boi hinh 3.8, hé théng nay cé ciu tric twong Gng vOi ciu tric
ctia anten gian thich tng cho DS-CDMA dugc trinh bay trong muc 3.2 & trén.
Tuy nhién, so véi hinh 3.6, hé théng nay thém céc chirc nang xtr Iy ma va toc
d6 dé phu hop voi tmg dung cho hé théng CDMA trai phé chudi truc tiép da
ma da téc d6. Diém khéc nhau chu yéu 1a ¢ hai khdi chire nang 1a khdi “tao tin
hiéu tham khao” va khéi “tong va giai trai phd”. Hai khdi trén duoc thiét ké
theo cac ngan sur dung bo loc phan tich mau gisi han véi chire nang chia nho
hay mo rong toc d6 nhu nhau déi véi mdi phan 16p dich vu g. Khi nguoi si
dung muén truyén dan sir dung dich vu cua I6p thir g, vi du nhu viée truyén yéu
cau t6i tram gbc (BS). Tram gdc d6 sé thiét 1ap q phi hop véi ca khéi tao tin
hiéu tham khao va khi tong va giai trai phd dé thich hop véi yéu cau. Cau hinh
cua hé thdng CDMA da ma duoc yéu cau thiét ké mot cach mém déo dé co kha
nang tuong thich dong voi nhitng yéu cau truyén dan cua thué bao di dong
(MS).
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t s(t) s(t) 2 s oeas i oae 1R
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Gian con lién két i
Trong do:
f FFT: Bién d6i Fourier nhanh
Ma IFFT: Bién doi nguoc Fourier
nguoi dung nhanh

Hinh 3.9 CAu tric cho DS-CDMA da mi da toc do

3.3.3. Dang tin hiéu

Xét tin hiéu tr nguoi dung (1, ), khi di dén gian anten tai tram gdc, tin
hi¢u nay dugc xac dinh & anten thu boi Py duong dén. Trong do, tai duong thw
p (p 1a s6 nguyén duong, p =0, 1, 2, ..., Piq-1) tin hiéu c6 bién do 1a ap,q, thoi

gian tré 1a 1,4 Va goc t6i so voi hudng thu 12 0.

Xét sy anh hudéng cia nhiéu da truy nhap, dic biét la anh hudng cia

nguoi ding toc do cao 1én nguoi dung toe do thap. Gia st ching ta ¢6 K, nguoi
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sir dung dich vu tai I6p tht g, khi xét dén anh hudng cua tit ca moi ngudi dung

va tap am, tin hiéu thu duogc trén gian s¢ dugc cho boi

Q K¢ Rg

X(t) = Zzzap,l,q'sp,l,q (t Tyl ,q) ‘a(gp,l ,q) + n(t) (3.22)

g=1 I=1l p=1

Trong d6 Spq (t-Tp,1q) Va a(Bp,q) 1a tin hi¢u va d¢ dap tng cua gian anten
d6i voi hudng toi p ciia nguoi dung (1, g). Vi gian tuyén tinh, a(0,,,q) dugc Xac

dinh nhu sau

T
—j@sine —jiz(M_l)ﬂJd sing

a0, )=|1 e * " e + "

p.l.g (3.23)

n(t) 1a vécto nhidu anh huong 18n cac chan tir cua anten, n(t) cé dang
_ T
nt) =) m(t) ... nm(t)] (3.24)
Qua trinh xir 1y tin hiéu thich @ng trong gian thich tng d6i véi tin hiéu
thu X(t) dugc phan ra cho cac gian con st dung cac bd loc phan tich. Cac b loc
phan tich tham s6 nay 1am viéc theo nhu cau hinh trén dé xir Iy cac mau. Tin
hiéu thu tai mdi chan tir cua gian duoc quyét dinh khi téc d6 K 1a 16n nhat, viéc
xt 1y nay hoan toan tuong tu nhu qua trinh xir 1y cho hé théng thong tin di
dong CDMA trai phd chudi tryc tiép néu ¢ phan trén,
Néu nhu vécto tin hiéu bao gdm cac méu tai phan gian n trong mién tan

s61a X™ | thi matran thong ké cua gian c6 dang

R™ =e{(X") (X™)} (325)

Khi tao trong sb cho anten thu, c6 thé s& xuat hién khoang tring do mot

hodc mot vai tin hiéu nhidu s& bi tao ra tir tin hiéu thu, hodc xuét hién hién
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tuong sai khac dang tin hiéu do tin hiéu nhiéu tao ra tir cac chudi dit liéu nao
do.

Nguoi dung (1, q) s& duge gan cho mot ma trai phd tuong tng 1a ¢ 4(t).
M4 trai phd nay dugc phan tach thanh cac ma con khac nhau theo mot phuong
phép nhét dinh, chiing ta s& c6 dugc cac ma con tryc giao cj 4 nhu da trinh bay
& trén. Sau bién d6i Fourier nhanh, qua trinh trai phd ddi véi ma con cia ngudi

dung hiéu qua (i, 1, q) trong mién tan s s& duoc xac dinh béng ma sau
K - 122 (n-1)(k-1)
= I(Zci,l,q(t _[k _1]Tc)e (3.26)
Trong d6: T 1a d6 dai mot chip.

Khoang chudi dir liéu ciia mot nguoi dung (1, ) bat ky 1a d4(t), va véi
nguoi ding hiéu qua (i, 1, q) sau bo quyét dinh 14 di4(t). Tin hiéu tham khao
d6i voi nguoi dung hiéu qua (i, 1, q) tai gian con n duoc xac dinh theo cong

thure

~()_ (n)
g = dj (1) C.|nq 3.27)

Véi ¢} duge xdc dinh theo cong thirc (3.26), sau khi thay két qua do

vao cong thac (3.27) ta xac dinh dugc tin hiéu tham khao nhu sau:

K 27 (n-1)(k-1)
=iy 06y (t -k —1]T,)e ' (3.29)
k=

Vay tin hiéu tham khao ma ngudi dung (I, ) mong muén trong mién tan

SO s€ co dang

*(”—)(k )
(n)_ZZd”q(t)C”q(t [k 1]T) - e (3.29)

i=1 k=
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Khi tin hiéu phan hdi duoc chép nhén, vécto twong quan dugc cho boi

cong thuc:

P =X (K ")} (3.30)

Néu dung phuong phap MSE nhu mdt tiéu chuan dé lya chon trong sb
cho gian anten, nhu vay vécto trong sd cua gian s& dugc xac dinh boi cong thic

Wiener-Hopf nhu sau

™ = (RM)Lpm (3.31)

Tin hiéu & mdi gian con sau khi duogc danh trong sb bang cac phuong
phap cap nhat trong s6 pht hop véi mdi gidn con, va bién d6i nguoc Fourier
nhanh IFFT dugc thuc hién véi cac mdi tin hiéu f ™ sz tao ra tin hiéu Y, (t)
tai mdi dau ra cia b bién d6i IFFT. Sip xép cac tin hiéu dau ra cua bién doi

IFFT va cdc ma con cho nguoi dung hiéu qua thanh dang vécto ta s€ duoc
— — — — T
Yy =[y. () V.0 .. V«®)] (3:32)

Ci,l,q:[ci,l,q(l) Ci,l,q(z) Ci,l,q(K)]T (3.33)

Tin hiéu dau ra song song yk(t) sau khi giai trai phd va tong lai s& dugc

xac dinh boi

Y (t) = Zq: y' (t)'Ci*,I,q (3.34)

Vy, tin hiéu cudi cling & dau ra cia gian y(t) 1a két qua dat duoc tir cac
tin thém vao y(t).
3.3.4. Tis6 SINR

Twong ty nhu truong hop st dung gian anten thich tng cho hé thdng
CDMA trai phd chudi tryc tiép, ti s6 tin hiéu trén nhidu va tap 4m (SINR) dau
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ra ctia cau hinh gian anten thich ng cho hé thong thong tin di dong CDMA trai
phd chudi tryc tiép sir dung da ma trai phd va da tde d6 truyén duogc tinh toan

thdng qua hé sé twong quan chéo xac dinh theo cong thic

SO O

P= < < (3.35)
\/ s{ZI y, (t) Iz}-s{ZI r(t)°}

Trong d6 r(t) 1a tin hiéu tham khdo trong mién thoi gian. Gia sir nguoi
dung (I, m) 1a mot ngudi dung yéu cau, khi do tin hiéu tham khao r(t) duoc xéac
dinh theo theo tin hiéu yéu cau

r(t) = sim(t) (3.36)

Khi d6, ti s6 SINR dau ra co két qua cudi cung dugc tinh theo hé sb

tuong quan nhu sau:

2
SINR,, = ‘p( (3.37)

1-ef

3.3.4. P khuéch dai 16m nhit sir dung mé trai pho Cyclic

Trong hé théng CDMA da téc do bang rong, tré trai phd 12 nguyén nhana
chu yéu dan dén hién twong phadinh chon lya tin sé da duong, day 1a nguyén
nhan tao ra gidi han trong viéc truyén dan dit liéu toc d6 cao. Khi tdc do dix licu
tang 1én, anh huong cta nhidu chén Ky tu va cac van dé phat sinh do phadinh
nhiéu dudng tré nén nguy hiém.

Gian anten thich tmg cho phép chung ta c6 thé 1am giam bot pha dinh
nhiéu duong. Tuy nhién, dé gian anten thich Gmg dat duoc hiéu nang cao s& 1am
tang su dan trai tré, do d6 téng do tré thuc chat van khong giam di.

O pha nay ta cing xem xét mot luoc d6 méi cia hét thong CDMA, &

lugc d6 nay c6 mot sy khac biét 1a hé thong CDMA trai phd chudi truc tiép
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dugc thém vao tién t6 Cyclic trong mé trai phd nguoi dung. Ngudi ta goi n6 1a
lugc d6 DS-CDMA mé trai phd tién t6 Cyclic. Hé thong DS-CDMA sir dung
ma trai pho tién t6 Cyclic voi cdu trac gian anten thich tng cho phép giam thiéu
pha dinh nhiéu duong va cho d6 khuéch dai 16n nhat trong méi truong phadinh

nhiéu dudng.

< K+ Lcp
K
Lo 5l
CP Ma trai pho ctia ngudi ding Cj4(t)
Copy va chen

Hinh 3.10 Ma trai phd tién t6 Cyclic cho DS-CDMA

Xét hé thing CDMA trai pho chudi truc tiép da ma da téc do, tai nguoi
dung (I, q) duge gan duy nhat mot ma ¢ 4(t). Sau d6, theo nguyén tac phan chia,
qué trinh xt ly sé chia nguoi dung vat ly ¢ 16p q thanh g nguoi dung hiéu qua,
cac ma cua nguoi dung hiéu qua (i, I, g) duoc cho bai cong thuce (3.33).

Gia st kénh truyén dan c6 pha dinh hra chon tin s6 da duong voi do tré
lon nhat 1a L chip va Lcp chip tién t6 Cyclic duoc sir dung trong mé trai phd, ma
mai s€ ¢6 d6 dai la (K + Lep), voi mot nguoi dung (i, 1, q) ta co

~

Ci,I q = [Ci,|,m(K - Lept l) Ci,|,m(K)

Ciym (1) Ciym(2) ...

Citm(K - Lep+1) ... Ciym(K)]" (3.38)
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Trong d6, cac chip Lep cudi cling trong ma trai phd duoc copy va chén va
phia trudc cia vecto ma. Y tudng chén tién t6 Cyclic vao ma trai phd chi don
gian 1a dé stir dung cho don sdng mang mién tan sé va tao bip song trong mién
tan s6. Tuy nhién, phuong phap nay dd duoc trién khai va tng dung cho hé

thdg DS-CDMA. Va loai m4 méi nay dugc goi 14 ma dan trai tién t6 Cyclic.

Khi ma dan trai tién té Cyclic duoc dua vao truyén dan, thi cdu hinh hé
thong gian anten thich tng cho boi hinh 3.8 chi can thay d6i mot chit & bo loc
tham s6, né can dugc mé rong thém [14 ]. Ngoai ra khong can co thém mot su
thay doi nao ca.

Viéc sir dung mé dan trai tién t6 Cyclic co thé giam mot vai dic tinh
trong hiéu qua truyén dan, tuy nhién no lai cho do khuéch dai da dang dat gia

tri cuc dai.
3.4 Tong két chwong I1I

Trong chuong nay, do an d4 trinh bay vé cac kién trac va Ky thuat dé
trién khai hé thong anten théng minh cho hé thdng thong tin di dong CDMA va
viéc ing dung gian anten thich tng cho hé thong thong tin di dong CDMA trai

phd chudi truc tiép va CDMA trai phd chudi truc tiép da ma da toc do.

V& van d¢ kién triic va trién khai anten thong minh cho CDMA bao gdém
ciu tric hé thong xtr 1y khong gian cho hé thong CDMA lién két va khéng lién
két, van dé vé xur Iy khog gian cho hé théng nhiéu nguoi ding va viéc tao bup
song cho duong xudng cua hé théng CDMA.

Vén @@ trinh trién khai tmg dung cua gian anten thich ung cho hé thong
thong tin di dong CDMA trai phd chudi truc tiép va hé thdng CDMA trai phd
chudi truc tiép da ma da tde do, bao gém cc van dé nhu cu trac hé théng, biéu

thirc dang tin hiu, va danh gia ti s6 tin hiéu trén tap 4m cho mdi hé thong.
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KET LUAN

Véi nhitng gl d4 nghién ciru duoc, em d4 trinh bay trong dd 4n cua minh
ba van dé: Thir nhat d6 an d4 trinh bay céc van dé chung nhét vé hé thong thong
tin di dong va hé thong thong tin di dong CDMA. Vén dé thir hai, @b an trinh
bay vé hé thdng anten thong minh ma cu thé 13 gian anten thich @ng, ndi dung
d4 trinh bay & day 1a cac khai niém chung, cac tiéu chuan chon lya hiéu ning,
thuat toan thich Gmg va lgi ich cua viéc st dung gian anten thich tng. Ttr nhitng
nodi dung nghién ciru duge o trén, phan thtr ba dd an trinh bay vé viéc tng dung
gian anten thich tng cho hé théng thong tin di dong CDMA trai phd chudi truc
tiép, thong qua cac van dé vé xdy dung cdu tric hé théng, dang tin hiéu, va

SINR.

Ngoai nhirng mat d4 dat dugc, d6 4n khong thé tranh khoi nhitng han ché
thiéu sot. O day, 46 an mdi chi dé cap dén viée ung dung gidn anten thich ung
cho hé théng CDMA ¢ dang cong thic va mo hinh trén ly thuyét, chua xay
dung duoc hé thdng mé phong, ciing nhu chua cé két qua so sanh khi thuc hién

trén thuc té.

Tir nhitng gi d4 xay dung duogc, co thé phat trién dd 4n theo hudng xdy
dung hé thong mo phong cho viée ing dung gian anten thich tng cho hé théng
CDMA trén cac chuong trinh mé phong 1y thuyét nhu Matlab,... va xa hon c6
thé xay dung nén mot hé thong s dung gian anten thich ung dudi dang thir

nghiém dé c6 dugc nhirng két qua thuc té nhét trong viéc tng dung hé thdng.
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Binary Phase Shift Keying

Base Station

Base Station Controller

Base Transceiver Station
Code Division Multiple Access
Cyclic Redundancy Code
Cordless Telecommunication
Digital AMPS

Digital Enhanced Cordless
Telecommunication
Direction Of Arrival

Degree of Freedom

Direct Sequence CDMA
Direct Sequence Spread
Spectrum

Méay thu RAKE mét chiéu
May thu RAKE hai chiéu
Thong tin di dong thé hé thu 1
Thong tin di dong thé hé hai
Thé hé thong tin di dong thi ba
Anten gian thich tng

Tu dong diéu chinh hé sd
khuéch dai

Dich vu dién thoai di dong tién
tién.

Goc toi

Trung tam nhan thuc

Kénh diéu khién quang ba
Diéu ché khoa chuyén pha co
hali

Tram gbc

Bo diéu khién tram gdc

Tram thu phat gbc

Da truy nhap phan chia theo mé
Ma du vong

Dién thoai khong day.

AMPS s6

Vién thong khong day sb tién
tién.

Hudng téi

Do doi

CDMA trai phé chudi truc tiép

Trai phd chudi truc tiép
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DPé an tét nghigp Pai hoc

Tai ligu tham khdo

EDGE

EIR
ETACS
FDD
FDMA

FFT
FHSS

GMSC

GPRS
GPRS
GSM

HSCSD

IF
IFFT
1S-136

IS-54

ISI
IWF
JTACS
LA

Enhanced Data Rates for GSM

Evolution

Equipment Identify Register

Extended TACS

Frequency Division Duplex

Frequency Division Multiple

Access

Fast Fourier Transform

Frequency Hopping Spread

Spectrum

Gateway Mobile service

Switching Center

General Packet Radio Service

General Packet Radio System

Global System for Mobile

Communication

High Speed Circuit-Switched

Data

Intermidiate Frequency

Inverse Fast Fourier Transform
Interim Standard -136

Interim Standard 54

Inter Symbol Interference
InterWorking Functions
Japanish TACS

Location Area

Téc do dit lidu goi ting cudng
dé phat trién GSM

B6 nhan dang thiét bi

TACS mé rong.

Ghép song cdng theo tan s6

Da truy nhép phén chia theo tan
$6.

Bién dbi Fourier nhanh

trai phd nhay tan (FHSS

Trung tdm chuyén mach céc
dich vu cong

Dich vu v0 tuyén géi chung

Hé thdng v6 tuyén goi chung
Hé thong thong tin di dong toan
cau.

Dit liéu chuyén mach kénh téc
do cao
Tin hiéu trung tan

Bién d6i nguoc Fourier nhanh
Tiéu chuan thong tin di dong
TDMA cai tién ctiia My do
AT&T dé xuit.
Tiéu chuan thong tin di dong
TDMA cua My do AT&T phat
trién

Nhiéu giao thoa ki tu
Céc chure nang tuong tac
TACS do Nhat Ban phat trién.
Vung dinh vi
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DPé an tét nghigp Pai hoc

Tai ligu tham khdo

LMS

LUSA
MAI
ML
MMSE

MS
MSC

MSE
MSINR

MT

MV

NAMPS

NMT450

NMT900

NRZ

NTACS

NTT

P/S

PCN

PDC
PIC

Least Mean Square

Linear Uniform Space Array
Multiple Access Interference
Maximum Likelihood
Minimum Mean Square Error

Mobile Station

Mobile service Switching
Center

Mean Square Error

Maximum Signal to
Interference plus Noise Ratio
Mobile Terminal

Minimum Variance

Narrow AMPS

Nordic Mobile Telephone 450
MHz

Nordic Mobile Telephone 900
MHz

Null Return to Zero

Narrow TACS

Nippon Telegraph and
Telephone

Parallel-to-Serial conversion.

Personal Communication
Network

Personal Digital Cellular
Parallel Interference Canceler

Binh phuong trung binh téi
thidu

Gian cach déu tuyén tinh

Nhiéu da truy nhap

Gi4 tri lon nhat cd thé

Trung binh binh phuong 16i nhé
nhat

Tram di dong

Trung tdm chuyén mach dich vu
di dong

Trung binh binh phuong 16i

Ti s6 tin hiéu trén tong nhidu va
tap 4m 16n nhit

Két cudi tram di dong

Do dao dong nho nhat
AMPS bang hep

Hé thdng dién thoai di dong Bic
Au bang tan 450 MHz.

Hé thong thong tin di dong Bic
Au bang tan 900 MHz.

Chudi xung khéng troi vé khdng
TACS bang hep.

Hé thdng dién thoai va dién bao
do Nippon phét trién.

B6 bién d6i song song sang noi
tiép

Mang thong tin ca nhan.

H¢ thong to ong sO ca nhan.

B chong nhiéu song song
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DPé an tét nghigp Pai hoc

Tai ligu tham khdo

PN
REF
RF
RLS
S/P

SB
SBA
SBAA
Sl
SINR

SMI
SNR
SS
TACS

TAF
TDD
TDMA

TE
THSS

TRAU
UMTS

VLR
WCDMA
WCMF

Pseudo Noise

Range Extension Factor
Radio Frequency

Recursive Least Squares
Serial to Parallel conversion.

Switched Beam

Switched Beam Antenna
Subband Adaptive Antennas
Self Interference

Signal to Interference plus
Noise Ratio

Sample Matrix Inversion
Signal to Noise Rate

Spread Spectrum

Total Access Communication
System

Terminal Adaptive Function
Time Division Duplex

Time Division Multiple Access

Termianl Equipment

Time Hopping Spread
Spectrum
Transcoder/Adapter Rate Unit
Universal Mobile
Telecommunication System
Visitor Location Register
Wideband CDMA

Walsh Chip Matched Filter

Gia tap am ngau nhién

Nhan t6 mé rong dai

Tan s6 v tuyén

Pé quy binh phuong tdi thiéu
B6 chuyén d6i ndi tiép sang
song song

Hé thdng chuyén bup song
Anten chuyén bap

Hé thong anten thich ing

Tu nhiéu

Ti s6 tin hiéu trén tong nhidu va
tap am

Nghich dao ma tran mau

Ti sb tin hiéu trén nhiéu

Trai phd

Hé thong vién thong truy nhap
toan bo

Bo thich tmg dau cubi

Ghép song cong theo thoi gian
Dba truy nhap phan chia theo thoi
gian

Thiét bi dau cudi

trai pho dich thoi gian

Khbi chuyén d6i ma va téc do
Hé thdng vién thong di dong
toan cau

B6 ghi dinh vi thuong chi
CDMA Bang rong

Bo loc dbi xtrng chip Walsh
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Dé an tot nghigp Pai hoc Tai ligu tham khdo

[a /b] Tham khao tai trang b, cua tai liéu tham khao thir a (trong danh
muc tai liéu tham khao)
[a] Tai liéu tham khao thtr a
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