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Ky thuat OFDM va wrng dung trong WIMAX
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MO DAU

Hién nay cac hé thong cung cip dich vu truy cdp bang rong phan 16n van 1a
cac hé théng DSL cung cép truy cap hitu tuyén va hé théng WiFi v6i pham vi phuc
vu con rat han ché. Trong khi do, nhu cau sir dung dich vu bang rdng lai dang doi
hoi rat cap thiét tai nhidu viing, nhidu khu vuc ma cac giai phap hién c6 rat kho trién
khai hodc trién khai cham. Dé c6 thé trién khai nhanh chong va hiéu qua h¢ théng
truy cap bang rong tai cac khu vuc nay thi viéc nghién ctru trién khai cac hé théng
truy cap vo tuyén bang rong WiMax 1a hét strc can thiét.

Mang khong ddy 1a mot trong nhitng budc tién 16n nhat ctia nganh truyén
thong. Mang khong day sau d6 tiép tuc dugc quan tAm nhiéu hon nhd sy phd bién
manh mé& cia két ndi Internet bang rong téc do cao trong cac hd gia dinh va tro
thanh phuong thirc d& nhat cho phép nhiéu may tinh chia s¢ mot dudng truy cap
bang rong. Trong qua trinh hoc tap tai truong Pai hoc Cong nghiép Thai Nguyén
cling nhu trong qua trinh cdng tac va tham quan thuc té tai Cong ty Pién toan va
Truyén sb liéu (VDC), Vién thong Ha Noi, t6i dugce tiép xtc va tham khao nhiéu tai
liéu vé cong nghé nay. Cong ngh¢ WiMax (World interoperability for Microwave
Acess); kha ning khai thac 1ién mang trén toan cau voi truy nhap vi ba dua trén co
so hé thong tiéu chudn k¥ thuat IEEE 802.16 v6i nhiéu wu diém vuot trdi nhu toe do
truyén din cao, pham vi phu song rong, chat lugng dich vu dugc thiét 1ap cho timg
két ndi, an ninh tét, sir dung ca pho tan cap phép va khong dugc cap phép ...

WiMax 1a cong nghé khong diy bang rong dugc hd trg manh mé boi nén
cong nghiép may tinh va vién thong véi chi phi thap va dugce chuin héa. WiMax c6
thé bao phi mot ving dién tich rong 16n téi 50km va cung cap téc do bit 1én téi
70Mbit/s cho ngudi dung. Trong hé thong WiMax, k¥ thuit diéu ché da séng mang
truc giao OFDM (Orthogonal Frequency Division Multipleixing ) va da anten phat
— da anten thu MIMO ( Multiple Input Multiple Output ) 12 hai k¥ thuat then chét.

Tuy WIMAX méi duge bat dau trién khai trén cac hé thong thir nghiém
nhung n6 dang 1 xu huéng mai cho céc tiéu chuan giao dién vo tuyén trong viéc

truy nhap khéng ddy bang thong rong cho tit ca cac thiét bi ¢b dinh va di dong.



Theo dénh gia cua cac chuyén gia thi WIMAX di dong s€ nhanh chéng vuot qua
nhirng cong nghé hién c6 nhu Wi-Fi hay 3G. O Viét Nam, cong nghé WIMAX dang
duoc cac nha khoa hoc ciing nhu cic doanh nghiép rat quan tam. Dé 1am chu cong
nghé ciing nhu trién khai tng dung rong rii WIMAX & Viét Nam, can phai nim
virng va hiéu biét sau sic ban chat cong nghé ma hé thong nay s& sir dung. Ngoai ra
can phai biét tinh toan thiét ké thir nghiém hé thong, mot cong viéc vo cling quan
trong ddi vai cac ki su va can bd ky thuat. Vi Iy do nay toi chon dé tai “Ky thugt
OFDM va vng dung trong WIMAX”.

Lu4n vin duoc chia 1am bén chuong véi cac van dé nghién ctru nhu sau day :

Chuong 1: K¥ thuat diéu ché OFDM — da séng mang truc giao

Chuong 2: Ky thuat MIMO — Da anten phat va da anten thu

Chuwong 3. Hé thong WiMAX.

Chuwong 4: Tinh toan hé théng WiMAX va trién Kkhai thir nghiém
WiMAX di dong ¢ Vién thong Ha Noi ciia tip doan buu chinh vién théng Viét
Nam.

Luan van nay da duoc hoan thanh sau thoi gian nghién ctru, lam viéc voi tinh
than nghiém tic va nd luc, nhung chic chan khong tranh khoi nhiéu thiéu sét. Do
vy t6i rait mong mudn nhan dugc su chi bao, gop y thém cua thiy co va ban bé
ddng nghiép nham hoan thién hon nita luan van ctia minh.

T6i xin chan thanh cam on cac thay c6 va ban bé dong nghiép di dong vién,
gitip d6 toi trong sudt qua trinh hoc tap va nghién ctru. Toi ciing xin guri 1oi cam on
Sau sic dén PGS.TS Nguyén Qudc Trung, Nguoi di tin tinh huéng din, dinh
huéng goép Y cho t6i nhidu didu vo ciing quy bau trong qué trinh toi thuc hién dé tai
nay.

Téi xin chdn thanh cam on!

Bdc Ninh Ngay thdng ndam 2012
Hoc vién: Nguyén Héong Lac
Lép cao hoc KTDT K13 — khéa (2010-2012)



CHUONG 1
KY THUAT PIEU CHE OFDM

1.1 Gi6i thiéu ky thuat diéu ché OFDM
1.1.1 Khadi ni¢m

K¥ thuat diéu ché OFDM vé co ban 1a mét trudng hop dic biét cua phuong
phap diéu ché FDM chia ludng dit liéu thanh nhiéu dudng truyén bang hep trong
ving tan sb str dung, trong d6 cac sdng mang con (hay séng mang phu, sub-carrier)
tryc giao v6i nhau. Do vay, phd tin hiéu cua cac song mang phu nay dugc phép
chéng l4n 1én nhau ma phia dau thu van khoi phuc lai dugc tin hi¢u ban dau. Su
chdng 14n phd tin hiéu nay lam cho hé thong OFDM c6 hiéu suét sir dung phd 16n

hon nhiéu so véi cac ki thuat diéu ché thong thuong.
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Hinh 1.1: So sanh gitra FDMA va OFDM

S6 lugng cac song mang con phu thudc vao nhiéu yéu to nhu d rong kénh va
mirc d6 nhidu. Con sb nay tuong tng véi kich thuée FFT. Chuan giao tiép vo tuyén
802.16d (2004) x4ac dinh 256 séng mang con tuwong tng FFT 256 diém, hinh thanh
chuan Fixed WiMAX, vé6i d6 rong kénh cb dinh.Chuan giao tiép 802.16e (2005)
cho phép kich ¢ FFT tir 512 dén 2048 phu hop véi do rong kénh SMHz dén
20MHz, hinh thanh chuan Mobile WiMAX (Scalable OFDMA ), d¢ duy tri twong
d6i khoang thoi gian khong ddi cua céac ki hiéu va khoang din cach giira cic song

mang v6i do rong kénh.
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Hinh 1.2 Tin hi¢u va phé OFDM
1.1.2 Lich si phdt trién:

K¥ thuat OFDM do R.W.Chang phat minh ndm 1966 & My. Trai qua 45 nam
hinh thanh va phat trién nhiéu coéng trinh khoa hoc vé k¥ thuat nay da duoc thuc
hién & khip noi trén thé giéi. Pac biét 14 cac cong trinh cia Weitein va Ebert, nguoi
da chimg minh rang phép diéu ché OFDM c6 thé thyc hién bang phép bién do6i
IDFT va phép giai diéu ché bang phép bién d6i DFT. Phat minh nay cung véi sy
phét trién ctia k¥ thuat s6 1am cho k¥ thuat diéu ché OFDM dugc img dung rong rii



thay vi sy dung IDFT ngudi ta c6 thé su dung phép bién ddi nhanh IFFT cho bo
diéu ché OFDM, st dung FET cho bo giai diéu ché OFDM.

Nam 2001, Vién k¥ su Dién va Pién tir (IEEE) dua ra b tiéu chuan 802.16
cho truy cap khong diy bang thong rong. Cong nghé WIMAX theo giao thirc chuan
802.16¢ c6 nghia 1a c6 chic niang twong ty WiFi. Nhung tam phu soéng cua
WIMAX xa hon, c6 thé dat t6i hang chuc km (1én dén 50 km) va nhanh hon (twong
lai toc d6 1én toi 1 GB)

Vi vay WIMAX c6 thé duoc sir dung cho ca mang CDMA va GSM hay noi
cach khac giéng nhu mot chiée dién thoai c6 tinh ning WiFi dang ton tai trong cac
loai dién thoai di dong CDMA va GSM. Chuan nay ciing 4p dung cho mang truyén
thong vo tuyén dudng dai trong thuc té va cé thé s& 13 mot su bd sung hoic thay thé
cho mang 3G. Pong thoi WiMAX ra doi s& cung cdp mot phuong tién truy cip
Intemet khong day tong hop c6 thé thay thé cho ADSL va WiFi, dy 1a gdy thach
thirc lon cho mang hiru tuyén hién tai vi nd c6 mot chi phi thap 1ap dat va bao tri.
M6 hinh phu séng ciia mang WiMax tuong tu nhu mang dién thoai té bao .
WIiMAX ciing hoat dong mém déo nhu WiFi khi truy cip mang. Mdi khi mot may
tinh mudn truy nhap mang né sé ty dong két ndi dén tram anten WiMAX gan nhat.

Trong nhitng nim gan day, k¥ thuat diéu ché da song mang truc giao OFDM
khong ngimg dugc nghién ctru va mo rong pham vi tng dung boi nhitng uu diém
ciia nod trong tiét kiém bang tan chong lai Fading chon loc theo tan sd cling nhu
xuyén nhiéu bang hep. Ky thuat diéu ché OFDM 1a mot trudng hop dic biét cia
phuong phép diéu ché da séng mang trong d6 cic sdng mang phu truc giao véi
nhau , nhd vy phd tin hién & séng mang phu cho phép chdng l4n 1én nhau ma phia
thu van co thé khoi phuc lai tin hi¢u ban dau. Su chéng lan phé tin hiéu lam cho hé
thdng OFDM c¢6 hiéu suat sir dung phd lon hon nhiéu so véi cac ky thuat diéu ché
thong thuong. Nho d6 OFDM chia dong dir liéu tbc d6 cao thanh céc dong dir ligu
tbc do thap hon va phat dong thoi trén mot sd cic song mang, ta thdy rang trong
mot s6 diéu kién cu thé, co thé tang dung luong dang ké cho hé thong OFDM bang
cach 1a thich nghi téc do dit liéu trén mdi séng mang tiy theo ty s tin hiéu trén tap

am SNR cua séng mang do.



Cac cong nghé truy nhap Intemet phd bién hién nay nhu ADSL, hay céc
duong thué kénh riéng, 3G, hay mang WiFi. i voi ADSL toc d6 co thé 1én dén 8
Mbit/s nhung can c6 duong day két ndi, cac duong thué kénh riéng thi gia thanh dat
ma kho trién khai dbi véi cac khu vuc c6 dja hinh phirc tap. Hé thong thong tin di
dong hién tai cung cép tde do truyén 9,6kbit/s qua thép so v&i nhu ciu nguoi su
dung, ngay ca cac mang thé hé sau GSM nhu GPRS (2.5G) cho phép truy cip & tdc
do 1én to1 171,2 kbit/s
Hay EDGE khoang 300- 400kbit/s

cling chuwa thé du dap tmg nhu cdu HOW WiMAX WORKS
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thue t& nhu vay ,WiMax (Worlwide
Interoperability M6 hinh truyén thong ciia WiMax

For Microwave Access ra doi nhim cung cip mot phuong tién truy cip Intermet
khong day tong hop c6 thé cho ADSLva WIFL.

Thue té€ WiMax hoat dong twong tuw WiFi nhung toc do cao va khoang cach
16n hon rat nhiéu cing véi mot s6 luong lon. Mot hé théng WiMax gom 2 phan:
*Tram phat: gidng nhu cic tram BTS trong mang thong tin di dong véi cong suit
161 ¢6 thé phu song mot ving rong t6i 8.000 km?-

*Tram thu: c6 thé 1a anten nhé nhu Card mang cam vao hodc duoc thiét 1ap san trén
Mainboard c6 thé phu song dén nhitng vung rat xa.

Cac anten thu phat c6 thé trao doi thong tin voi nhau qua céc tia song truyén

thang hodc cac tia phan xa. Trong trudng hop truyén thing , cic anten duoc dit cd

dinh trén cac diém cao, tin hi¢u trong truong hop ndy 6n dinh va toc do truyén cod



thé to1 da. Bang tan st dung c6 thé dung ¢ tan s6 cao dén 66 GHz vi ¢ tan sO nay tin

hi¢u bit it bi giao thoa v&i cac kénh tin hi¢u khac va bang thong sir dung cling 16m

hon. Péi v6i trudng hop tia phan xa, WiMax sir dung bang tan thap hon , 2 -11

GHz, tvong ty nhu & WiFi, & tdn s6 thap tin hiéu d& dang vuot qua cc vat can, c6

thé phan xa, nhi€u xa, udng cong. Vong qua cac vat thé dé dén dich.

1.1.3 Céu triic, chikc ning ciia h¢ thong OFDM
So d6 khéi mot hé thong OFDM dugc hinh hoa theo hinh sau:
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Hinh 1.3 So @ hé¢ thong OFDM

Khoi bién déi néi tiép sang song song ( Serial to Para )

Ludng s6 li¢u ndi tiép (Serial) di vao dugc tao kich cd theo yéu cau tuyén

dan (diéu ché QAM) va chuyén thanh dang song song. Dit liéu duoc phat song song

bang cach gan méi tir cho 1 séng mang dé diéu ché tin hiéu.

Khoi diéu ché (Modualation Mapping )

Dt liéu dugc phat trén moi song mang dugc ma hoda vi sai va di€u ché¢ ma M

— QAM. Vi tin hiéu ma hoa vi sai yéu cau tham chiéu ban dau nén mét ky hiéu duoc

bo sung vao dau chudi. Dir liéu trén mdi ky hiéu sau d6 dugc véi mot goc pha nhat

dinh dua theo phuong thirc diéu ché. Su dung PSK tao ra mot tin hi¢u bién do

khong d6i va don giam cac van dé bién doi pha do fading.




Khéi bién doi Fourier ngugce ( IFFT)

Sau khi phd yéu cau dd dugc xac dinh, thuc hién bién dbi Fourier dé tim
dang song thoi tuong Gmg bién d6i Fourier roi rac nguoc IDFT, va bién d6i Fourier
ro1 rac DFT dugc str dung cho diéu ché va giai diéu ché cac chum tin hiéu trén song
mang con tryc giao. Cac thuat toan xir 1y tin hiéu nay thay thé cac bo diéu ché va
giai diéu ché I/Q yéu cau.

Trong truong hop , N duoc lay 1a mot lity thira nguyén ciia 2, cho phép tng
v6i thudt toan bién d6i Fourier nhanh ( IFFT, FFT ) hiéu qua hon cho diéu ché va
giai diéu ché.

Khéi chén khoang bio vé

Khéi bao vé dugce thém vao dau mdi ky hiéu, gdm hai phan, mot nira phat
bién d0 Zero, mdt nira khac la phé”m mo rong cua tin hiéu phat, diéu nay cho phép dé
dang khoi phuc dinh thoi ky, lam giam SNR t61 0,5 t61 1 dB

Khoi kénh truyén din vo tuyén

Mot mo hinh kénh duoc ap dung cho tin hiéu phat. M6 hinh cho phép diéu
khién ti sb tin hiéu trén tap 4m SNR, nhidu da dudng va cong suit dinh, SNR dugc
lap béng cach thém mot luong nhiéu tréng da biét vao tin hiéu, tré da duong dugc
mo ta béng bo loc FIR, do dai cua bd loc twong ung véi do tré 16m nhét khi hé sb
bién d6 twong tng vai lwgng tin hi¢u phan hoi.

May thu

May thu vé co ban hoat dong nguoc lai so vdi may phat, khoang bao v¢ duoc
loai bo, bién d6 Fourier nhanh FFT dé tim phd tin hiéu gdc phat.

Uu diém va nhwoc diém ciia ki thuat OFDM

Uu diém:

K¥ thudt OFDM c6 nhiéu wu diém ma cac ky thudt ghép kénh khac khong co
duoc. OFDM cho phép truyén thong tin toc do cao bang cach chia kénh truyén
fading chon loc tan sé thanh cac kénh truyén con chi chiu fading phang. Nho viée
sir dung tan s séong mang tryc giao nén hién twong nhiéu lién séng mang ICI c6 thé
loai bo, do cic séng mang phu truc giao nén cic séong mang ndy co thé chong lan

1én nhau ma phia thu van c6 thé tach ra dugc dan dén hiéu qua st dung bang thong



hé thong rat hiéu qua. Khi sir dung khoang bao vé c6 tinh chat CP (cylic prefix) 1on
hon trai tré 16n nhat cta kénh truyén da dudng thi hién twong nhidu lién ky tu ISI s&
duoc loai bé hoan toan. Nho vao khoang bao vé c6 tinh chat cylic prefix nén hé
thong sir dung k¥ thudt OFDM chi can bd can bang mién tin s kha don gian. IFFT
va FFT gitp giam thiéu sd bo dao dong cling nhu giam s6 bd diéu ché va giai diéu
ché gitp hé théng giam dg phtrc tap va chi phi thuc hién, hon nira tin hi€u duogc
diéu ché va giai diéu ché don gian, hiéu qua nhd vao IFFT va FFT.

Nhuoc diém:

OFDM 1a mot ky thuét truyén da séng mang nén nhuoc diém chinh cua ky
thuat ndy 14 ty s6 cong suat dinh trén cong suat trung binh PAPR (Peak- to-Average
Power Ratio) 16n. Tin hiéu OFDM 14 téng hop tin hiéu tir cac séng mang phu, nén
khi cic song mang phu dong pha, tin hiéu OFDM s& xuét hién dinh rat 16n. Diéu
nay khién cho viéc st dung khong hiéu qua bd khuyéch dai cong suit 16n HPA
(High-Power Amplifier). Mot nhuge diém khac cia OFDM la rat nhay véi 1éch tan
s6, khi hiéu tng dich tdn Doppler xay ra tan s song mang trung tim sé& bi 1éch, dan
dén bo FFT khong 14y mau ding tai dinh cic séng mang, dan t6i sai 16i khi giai diéu
ché cac symbol.

Ung dung kj thuit OFDM
Cac tng dung quan trong ctia OFDM trén thé gi6i nhu :

- Hé théng truyén hinh sé mit dat DVB —T ( Digital Video Broadcasting For
Terrestrihal Transmission ).

- Hé thong phat thanh sé duong dai DRM ( Digital radio Mondiale ).

- Truy cap intermet bang thong rong ADSL (Asymmetric Digital Subscriber
line).

- Cac chuan IEEE 802.1, IEEE 802.11g

- Mang may tinh khong day véi toc do truyén dan cao Hiper LAN/2 (High
pefomance local Area NetWok type 2)

- Bac biét OFDM la tng cu vién trién vong nhét cho hé théng thong tin 4G
(hé thdng truy nhap Intermet khong diy bang rong theo tiéu chuian Wimax).
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