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CHUONG 1: TONG QUAN VE WIMAX
1.1) Giéi thiéu chung vé WIMAX
1.1.1) Khai niém
WIMAX - Worldwide Interoperability for Microwave Access: 1a mot mang khong
day bang thong rong cé tinh twong tac toan cau dua trén co so tiéu chuan ky thuat
IEEE 802.16-2004. Tiéu chuan nay do hai to chic quéc té dua ra: To cong tac
802.16 trong ban tiéu chuan IEEE 802, va Dién dan WIMAX.
WIMAX sir dung k¥ thuat song vo tuyén dé két ndi cac may tinh trong mang
Internet thay vi ding day dé két ndi nhu DSL hay cap modem. WiMax nhu mot
tong dai trong vang 1an can hop 1y dén mot tram chu ma né duoc yéu cau thiét 1ap
mot duong dit lidu dén Internet. Nguoi st dung trong pham vi tir 3 dén 5 dam so
V6i tram cha s& duoc thiét 1ap mot duong din cong nghé NLOS (Non-Line-Of-
Sight) véi téc d6 truyén dir liéu rat cao 14 75Mbps. COn néu ngudi st dung trong
pham vi 1é6n hon 30 dam so vé&i tram chu thi s€ c6 anten st dung cong nghé LOS
(Line-Of-Sight) véi toc d truyén dir liéu gin bang 280Mbps. WIMAX la mot
chuan khong day dang phat trién rat nhanh, hira hen tao ra kha niang két ndi bang
thdng rong toc d6 cao cho ca mang cb dinh 1an mang khong day di dong, pham vi
pht song dugc mo rong.
WIMAX la mang khong day phi séng mdt ving rong 16, thuan tién cho viéc trién
khai mang nhanh, thuén loi va cd lgi ich kinh té cao so véi viéc kéo cap, dic biét 1a
vung c6 dia hinh phtrc tap. Vi vay, mang truy nhdp khong day bang rong WIMAX
s& dap tng duoc cac chuong trinh phd cap Internet & cac ving su, ving xa, noi ¢0
mat do dan cu thua. D6i voi cac ving mat do dan cu vira phai (ngoai vi cac thanh
phd 16n noi doi hoi cung cap da dich vu voi chat luong duge dam bao) thi viéc trién
khai WIMAX dé cung cap cac dich vu da phuong tién s& nhanh va ¢6 hiéu qua kinh
té cao hon va Véi viéc cung cip bing thong rong sé& dap Gmg dugc cac yéu cau vé
chét luong. WIMAX ¢6 nhirng vu thé vuot trdi so v6i cac cong nghé cung cap dich
vu bang thong rong hién nay vé téc do truyén dir liéu va gia ca thap do cung cip
cac dich vu trén nén IP. V&i kha nang truy nhép tir xa, toc d6 dir liéu cao dap mg
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da dang cac dich vu nhu Internet tc do cao, thoai qua IP, video ludng/choi game
tryc tuyén clng véi cac ung dung cong thém cho doanh nghiép nhu hoi nghi video
va gidm sat video, mang riéng 4o bao mat

1.1.2) Swr di I1&n tir Wifi dén WIMAX

Trén thuc té, trong thoi gian qua, voi su ra doi cua Wifi d& 1am thay d6i cach thuc
trao d6i thong tin cia ngudi str dung. Tuy nhién, do Wifi 1a cong nghé duoc thiét ké
huéng t6i cic mang LAN kh day, chinh vi vay trong nhimng trugng hop cu thé, khi
&p dung cong nghé nay cho mang MAN, thi nd da boc 16 rat nhiéu nhiing han ché.
Trude hét Wifi duoc thiét ké cho mang it thué bao,kénh truyén cua né ¢ dinh kich
thudc khoang 20Mhz, do vay rat kém linh hoat. B&n canh do, Wifi khong hé tro
kién trac Mesh, mot kién trac dam bao sy lién théng tét trong mang d6 thi.Hon
nita, néu ta truyén trong moi trudong tét, it nhidu, tim nhin thang ( LOS ), dung cac
Anten dinh huéng véi cong suat du 16n thi Wifi ciing chi dat téi khoang cach vai
km, rat han ché cho viéc phii song trong mot pham vi Ién. ..

Su ra doi cua WIMAX dé khéc phuc duoc nhitg nhuoc diém trén cua Wifi. Hién
nay, Wimax dugc xem la mot giai phap toan dién cuia cong nghé khong day bang
rong trong do thi, ngoai 6 va nhitng vung néng thon xa x0i héo lanh... WIMAX
cho phép truyén khong day cac loai dir liéu, hinh anh, am thanh nhanh hon ca DSL
hay cap, va tat nhién 1a nhanh hon nhiéu lan cic cong nghé khong day hién hanh
nhu 802.11a hay 802.11b ma khong yéu cau diéu kién truyén thang,

WIMAX la mot giai phap tuyét voi vé miat cong nghé két ndi nhung s& can mot chi
phi 16n phai bo ra dé phat trién ha ting cho mot hé théng méi trong khi hé thong cii
van con chua duoc str dung hét. Qua thue, néu phai dau tu mot khoan kinh phi dé
trién khai WIMAX trén mot quy md 16n trong khi cong nghé 3G vén 1a tiém ning
chua khai thac hét thi chac chan cac cong ty vién thong sé phai tinh toan va can
nhac hét strc k¥ ludng trude khi bo tién dau tu cho viéc phat trién dich vy nay.

Vi vay WIMAX sé 1a cong ngh¢ cua tuong lai.

1.2) Céc dac tinh cong nghé¢ WIMAX
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Hinh 1.1: Cac déc tinh ciia WIMAX

1.2.1) Kién triic mém déo

WIMAX hd tro mot vai kién trac hé théng, bao gdm diém t6i diém, diém toi da
diém, va bao pha khip noi. MAC (diéu khién truy nhap phuong tién) WIMAX hd
trg diém t&i da diém va cac dich vu ¢ khip noi bang cach sip xép mot khe thoi gian
cho mdi tram thué bao (SS). Néu chi c6 mot SS trong mang, thi tram goc WIMAX
s& thong tin v6i SS trén co s¢ diém toi diém. Mot BS trong cau hinh diém toi diém
c6 thé stir dung mot anten bip hep hon dé phu cac ving 16n hon.

1.2.2) Bao mit cao

WIMAX hd trg ASE (chuan mat ma hod tién tién) va 3DES (chuan mat ma hoé sé
liéu). Bang cach mat ma hoa cac lién két gitra BS va SS, WIMAX phuc vu cac thué
bao tach biét (chéng nghe trom) va bao mat trén giao dién khong day bang rong.
Bao mat ciing cung cip cho cac nha khai thac hé thong an ninh chéng an trom dich
vu. WIMAX ciing duoc xay dung hd trg VLAN, ma cung Cép bao vé dir liéu duoc
truyén tir cac nguoi st dung khac nhau trén cing mot BS.

1.2.3) Trién khai nhanh

So Vi su trién khai cua cac giai phap day, WIMAX yéu ciu it hoic khong yéu cau

xay dung ké hoach mé rong. Vi dy, dao hd dé hd tro rénh caa cac cap khong duogc
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yéu cau. Cac nha khai thac c6 gidy phép dé st dung mot trong sb cac bang tan duoc
Cép phat, hodc co ké hoach dé sir dung mot trong cic bang tan khong dugc cép
phép, khong can thiét xem xét sau hon cac ung dung cho chinh phu. Khi anten va
thiét bi duoc lap dit va duoc cap nguén, WIMAX sé& sin sang phuc vu. Trong hau
hét cac trudong hop, trién khai WIMAX cd thé hoan thanh trong khoang may gid, so
v6i may thang cho cac giai phap khéc.
1.2.4) QOS WIMAX
WIMAX c6 thé dugc tdi wu hod hdn hop luu lwvong duoc mang. Bén loai dich vu
duoc hd trg nhu trong bang 1.2.
1.2.5) Dung lwgng cao:
Str dung diéu ché bac cao (64-QAM) va d6 rong bang tan (hién tai 12 7 MHz), cac
hé thong WIMAX c¢6 thé cung cip do rong biang tan dang ké cho cac ngudi sir dung
dau cubi.
1.2.6) Dy bao phii rong hon:
WIMAX hd trg cac diéu ché da mirc, bao gdom BPSK, QPSK, 16-QAM, va 64-
QAM. Khi duoc trang bi véi mot bo khuyéch dai cong suat 1on va hoat dong voi
diéu ché muc thap (vi du, BPSK hodc QPSK), cac hé théng WIMAX c6 thé bao
pht mot ving dia 1y rong khi dudng gitra BS va SS thong sudt.

Loai dich vu Mb ta
Dich vu cap tur UGS duoc thiét ké dé ho trg cac luong dit liéu thoi
nguyén (UGS) gian thuc bao gdm céc gbi sb liéu kich thude ¢b dinh

dugc phat ra tai cac khoang tuan hoan, nhu T1/E1 va

thoai trén nén IP

Dich vu kiém soat | rtNS duogc thiét ké dé hd tro cac luong dir liéu thoi
vong thoi gian thue | gian thuc bao gdm cac goi s6 liéu kich thudc thay doi
(rtPS) ma dugc phat ra tai cic khoang tuan hoan, nhu MPEG

video

Dich vu kiém soat | nrtPS duoc thiét ké dé hd tro cac luéng s0 liéu dung

vong phi thoi gian | sai tré bao gdm céc goi s6 lidu kich thudc thay d6i ma
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thue (nrtPS) yéu cau toc do so lidu toi thiéu, nhu FTP.

Best Effort (BS) Dich vu BS dugc thiét ké dé hd trg cac luong so lidu

nd luc toi da ma khéng yéu cau murc dich vu t6i thiéu va ¢ thé xir

ly trén co so gia tri khong gian.

Bdang 1.2: Cac loai dich vu ciia WIMAX
1.2.7) Dung lwgng cao
Str dung diéu ché bac cao (64-QAM) va d6 rong bang tan (hién tai 12 7 MHz), cac
hé thong WIMAX c¢6 thé cung cip do rong biang tan dang ké cho cac ngudi sir dung
dau cubi.
1.2.8) D¢ bao phii rong hon
WIMAX hd trg cac diéu ché da mirc, bao gdbm BPSK, QPSK, 16-QAM, va 64-
QAM. Khi duoc trang bi véi mot bo khuyéch dai cong suat 1on va hoat dong voi
diéu ché murc thap (vi du, BPSK hodc QPSK), cac hé thong WiMAX c6 thé bao
phti mot ving dia Iy rong khi dudng giita BS va SS thong subt.
1.2.9) Mang lai lgi nhuin
WIMAX dya trén chuan qubc té md. Chuan duoc théng qua da s, sir dung chi phi
thap, cac chipset dugc san xuat hang loat, s& 1am cho gia ha xudng; va canh tranh
gia ca 1am cho cac nha cung cap dich vy, ngudi sir dung dau cudi tiét kiém duogc chi
phi.
1.2.10) Dich vu da mirc
La loai ma QoS dat dugc dya vao hop dong mirc dich vu (SLA) giita nha cung cap
dich vu va nguoi st dung. Hon nita, mot nha cung cap dich vu c¢6 thé dua ra cac
SLA khac nhau cho nhiing nguoi dang ky khac nhau, hoac tham chi cho nhitng
nguoi sir dung khac nhau trong cing mot SS.
1.2.11) Kha ning cung van hanh
WIMAX duya vao cac chuan cung cip trung lap, qudc té, lam cho ngudi st dung
dau cudi dé dang truyén tai va sir dung SS cua ho tai cac vi tri khac nhau, hodc véi

c4c nha cung cap dich vu khac nhau. Kha ning clng van hanh bao vé von dau tu
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ban dau ciia nha khai thac vi n6 c6 thé chon thiét bi tir cac dai Iy thiét bi khac nhau,
Va no sé tiép tuc 1am giam gia thiét bi.

1.2.12) Kha ning mang theo dwgc

V6i cac hé théng to ong hién nay, khi SS WIMAX duogc cap ngudn, nd tu nhan
dang, xac dinh cac dic tinh cua lién két voi BS, chi can SS duogc ding ky trong co
s& dir liéu hé thong, va sau d6 dam phan cac dic tinh truyén dan phl hop.

1.2.13) Tinh di djng

Chuan IEEE 802.16e dugc thém mot sé dic diém chu yéu trong viée hd tro tinh di
dong. Céc cai tién duogc tao ra cho 16p vat Iy OFDMA va OFDM dé cung cip cac
thiét bi va dich vu trong méi truong di dong. Cac moi trudng ndy bao gom:
OFDMA c6 thé chia ty 1& dugc, MIMO, va hd tro ché do idle/sleep, chuyén giao,
cho phép tinh di dong hoan toan tai toc dd 160 km/h. Chuan hd tro boi Forum
WIMAX duoc thira huéng hiéu ning NLOS (tdm nhin khoéng thang) t6t hon cia
OFDM va hoat dong chiu dugc da duong, 1am cho n6 phu hgp hon véi moi truong
di dong.

1.2.14) Hoat dong tAm nhin khong thing

NLOS thudng am chi dudng din v6 tuyén c6 mién Fresnel thir nhat bj chin hoan
toan. WIMAX dya vao cong nghé OFDM d4 c6 san kha ning xur Iy cac moi trudong
NLOS. Dung lwong nay gilp c4c san pham WIMAX phén phat do rong bang tan

rong trong moi trrong NLOS, ma c4c san pham vo tuyén khac khong lam duoc.

MO ta 1op Thoi gian thyuc Loai ing dung Do rong bang tan
Tro choi twong tac Co Tro choi twong tac 50-85 kbps
VolIP, Hoi thao ) VolP 4-64 kbps
video “0 bién thoai hinh 32-384 kbps
Nhac/thoai 5-128 kbps
Ludng Media Co Cac doan video 20-384 kbps
Phim >2Mbps
Ban tin tuc thoi <250 byte ban tin
Cong ngh¢ thong
i Khéng Trinh duyét Web >500 kbps
Email >500 kbps
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Tai noi dung truyeén Dir liéu 16n, tai phim | >1 Mbps
thong (luu trir va Khéng .

. Ngang hang >500 kbps
chuyén tiép)

Bdng 1.3: Cac #rng dung trong WIMAX

1.3) Hai m6 hinh &rng dung WIMAX

1.3.1) M6 hinh trng dung c6 dinh (Fixed WIMAX )

M6 hinh ¢6 dinh sir dung cac thiét bi theo tiéu chuan IEEE.802.16-2004. Tiéu
chuan nay goi 1a “khong day cé dinh” vi thiét bi thong tin 1am viéc véi cac anten
dit cd dinh tai nha cac thué bao. Anten dit trén ndc nha hoic trén cot thap tuong tur

nhu chdo thong tin v¢ tinh.
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Hinh 1.4: M6 hinh mgng WIMAX cé dinh
Trong mang ¢ dinh, WIMAX thyc hién cach tiép ndi khong day dén cac modem

cap, dén cac doi day thué bao cta mach xDSL hoic mach Tx/Ex (truyén
phéat/chuyén mach) va mach OC-x (truyén tai qua song quang). WIMAX cé dinh c6
thé phuc vu cho cac loai ngudi dung (user) nhu: cac xi nghiép, cac khu dan cu nhod
Ié, mang cap truy nhap WLAN cong cong ndi téi mang do thi, cac tram goc BS cua

mang thong tin di dong va cac mach diéu khién tram BS. V& cach phan bd theo dia

GVHD: Nguy&n Thi Bio Thu SVTH : Tran Coéng Chinh - DHDT3



ly, cAc user thi ¢ thé phan tan tai cac dia phuong nhu nong thon va cac ving sau
ving xa kho dwa mang cap hitu tuyén dén do.

1.3.2) M0 hinh wng dung WIMAX di dfng

M6 hinh WIMAX di dong sir dung céc thiét bi phll hop véi tiéu chuan 802.16e bo
sung cho tiéu chuan IEEE 802.16 — 2004 hudng t6i cac user ca nhan di dong, 1am
viéc trong bang tan thap hon 6 GHz. Mang lu6i ndy phdi hop cling WLAN, mang
di dong cellular 3G co thé tao thanh mang di dong ¢ ving phu séng rong. Chuan

WIMAX dugc phat trién mang lai mot pham vi rOng cac ng dung.

Hinh 1.5: M6 hinh #ng dung WIMAX di déng
Hai phan chinh ciia hé théng WIMAX gom:

- Tram goc WIMAX : Day 1a phan thiét bi giao tiép voi cac hé théng cung cép
dich vu mang 18i bang cap quang, hodc két hop cac tuyén vi ba diém - diém két ndi
V6i cac nut quang hodc qua cac dudng thué riéng tir cac nha cung cip dich vu hitu
tuyén. Céc dich vu dugc chuyén d6i qua anten tram gdoc két ndi véi cac thiét bi dau
cudi WIMAX CPE qua méi truong vo tuyén.

- Thiét bi dau cudi CPE WIMAX : trong hau hét cac truong hop, mot dau cubi
“plug and play” don gian, twong tu véi modem DSL, cung cip kha ning két ndi.
Déi voi nhitng khach hang duge dat ¢ vi tri vai km tir tram géc WIMAX , mot
anten bén ngoai ty cai dat co thé duoc yéu cau dé cai thién chat lugng truyén dan.

bé phuc vu cac khach hang & biét 1ap, mot anten chi dan trd dén tram géc WIMAX
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c6 thé duoc yéu cau. Vi cac khach hang yéu cau thoai thém vao céc dich vu bang
rong, CPE cu thé s& cho phép két ndi binh thuong hodc cic cudc goi dién thoai
VoIP. Cudi cling thi chip WIMAX s& dugc nhiing trong cac thiét bi trung tam dir

liéu.

1.4) CAC CHUAN CUA WIMAX

1.4.1) Chuan IEEE 802.16 - 2001

Chuan IEEE 802.16-2001 duoc hoan thanh vao thang 10/2001 va dugc cong bd vao
4/2002, dinh nghia dac ta k¥ thuat giao dién khong gian WirelessMAN™ cho cac
mang ving d6 thi. Dac diém chinh ciia IEEE 802.16 — 2001:

Giao dién khong gian cho hé théng truy nhap khong diy bang rong c6 dinh hoat
dong ¢ dai tan 10 — 66 GHz, can thoa man tim nhin thang.

- Lép vat Iy PHY: WirelessMAN-SC.

- Toc do bit: 32 — 134 Mbps véi kénh 28 MHz.

- Biéu ché QPSK, 16 QAM va 64 QAM.

- Céc dai thong kénh 20 MHz, 25 MHz, 28 MHz.

- Ban kinh cell: 2 -5 km.

- Két ndi ¢6 dinh huéng, MAC TDM/TDMA, Q0S, bao mat.

1.4.2) Chuan IEEE 802.16a

Vi nhiing khé khan trong trién khai chuan IEEE 802.16, hudng vao viéc sir dung
tan so tr 10 — 66 GHz, mot du 4n sira doi c6 tén IEEE 802.16a da duoc hoan thanh
vao thang 11/2002 va duoc cong bd vao thang 4/2003. Chuan nay duoc mo rong hd
trg giao dién khong gian cho nhiing tan sb trong bang tan 2-11 GHz, bao gém ca
nhitng phd cap phép va khdng cap phép va khdng can thoa mén diéu kién tim nhin
thang. Dac diém chinh cua IEEE 802.16a nhu sau:

- B6 sung 802.16, cac hiéu chinh MAC va cac dic diém PHY thém vao cho dai 2 —
11 GHz (NLOS).

- Tdc do bit: toi 75Mbps véi kénh 20 MHz.

- Piéu ché OFDMA véi 2048 song mang, OFDM 256 séng mang, QPSK, 16 QAM,
64 QAM.

- Dai thong kénh ¢ thé thay doi gitra 1,25MHz va 20MHz.
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- Ban kinh cell: 6 — 9 km.

- Lop vat ly PHY: WirelessMAN-OFDM, OFDMA, SCa.

- Cac churc ning MAC thém vao: hd trg PHY OFDM va OFDMA, hd trg cong nghé
Mesh, ARQ.

1.4.3) Chuan IEEE 802.16 - 2004

Théng 7/2004, chuan IEEE 802.16 — 2004 hay IEEE 802.16d duoc chip thong qua,
két hop cuia cac chuan IEEE 802.16 — 2001, IEEE 802.16a, ing dung LOS ¢ dai tan
s6 10 - 66 GHz va NLOS & dai 2 - 11 GHz. Kha niang v6 tuyén bd sung nhu la
“beam forming” va kénh con OFDM.

1.4.4) Chuan IEEE 802.16e

Pau nam 2005, chuan khong diy bang thong rong 802.16e véi tén goi Mobile
WIMAX d4 duoc phé chuan, cho phép tram gbc két ndi ti nhiing thiét bi dang di
chuyén. Chuan nay gilp cho cé4c thiét bi tir cac nha san xuat nay cé thé 1am viéc,
twong thich t6t voi cac thiét bi tir cac nha san xuat khac. 802.16e hoat dong & cac
bang tan nho hon 6 GHz, toc d6 1én t6i 15 Mbps véi kénh 5 MHz, ban kinh cell tir
2—5km.

WIMAX 802.16e cd hd trg handoff va roaming. Str dung SOFDMA, mét cong
nghé diéu ché da song mang. Cac nha cung cap dich vu ma trién khai 802.16e ciing
c6 thé sir dung mang dé cung cép dich vu cb dinh. 802.16¢ hd trg cho SOFDMA
cho phép sb song mang thay d6i, ngoai cac mé hinh OFDM va OFDMA. Sy phén
chia séng mang trong md hinh OFDMA duoc thiét ké dé t6i thiéu anh huong cia
nhiéu phia thiét bi nguoi ding véi anten da huéng. Cu thé hon, 802.16e dua ra hd
trg cai tién hd trg MIMO va AAS, ciing nhu cac handoff cirng va mém. No ciing
cai tién cac kha nang tiét kiém cong suét cho cac thiét bi di dong va cac dac diém

bao mat linh hoat hon

802.16 802.16-2004 802.16-2005

Hoan thién vao | Hoan thién vao thang 6- | Hoan thi¢n vao thang 12-

Tinh trang|
thang 12-2001 2004 2005
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2-11 GHz cho c6 dinh;

Dai tan 10-66 GHz 2-11 GHz
2-6 GHz cho di dong
) C6 dinh, tam nhin [C4 dinh, khong nhin thang| C6 dinh va di dong, khong
Ung dung ) o,
thang (LOS) (NLOS) nhin thang (NLOS)
Cau triic |Diém — da diém, | Piém — da diém, mang , ,
biém — da diém, mang ludi
I6p MAC mang ludi ludi
Mo hinh Don song mang, 256 OFDM
) Don séng mang, 256
truyén | Pon song mang hoac S-OFDM véi 128, 512,
] OFDM, 2048 OFDM )
song 1024, 2048 song mang con.
. . | QPSK, 16QAM,
bicu ché QPSK, 16QAM, 64QAM | QPSK, 16QAM, 64QAM
64QAM
Tong tan
, ' 32-134.4 Mbps 1-75 Mbps 1-75 Mbps
SO dir liéu
Ghép Khoi Khoi ]
. Khoi TDM/TDMA/OFDMA
kénh TDM/TDMA | TDM/TDMA/OFDMA
Song cong| TDD va FDD TDD va FDD TDD va FDD
D0 rong
kénh 1.75,3.5,7,14,1.25,5, | 1.75,3.5,7, 14, 1.25, 5, 10,
. 20, 25, 28
truyén 10, 15, 8.75 15,8.75
(MHz)
Giao dién ) WirelessMAN-SCa, WirelessMAN-SCa,
WirelessMAN- )
khéng sc WirelessMAN-OFDM, WirelessMAN-OFDM,
gian WirelessMAN-OFDMA |  WirelessMAN-OFDMA
Xu ly Khe 256-OFDM nhu 1a S-OFDMA nhu la WiMAX
on .
WiMAX : WiIMAX co6 dinh

di dong

Bdng 1.6: Tém tit cdc dic trung co ban cdc chuin WIMAX

1.5) Céc biing tan ciia WIMAX
1.5.1) Cac biing tin dugc dé xuat cho WIMAX trén thé giéi
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Céac bang duoc Dién dan WIMAX tap trung xem xét va van dong co quan quan ly
tan s6 cac nudc phan bd cho WiMax 1a:

- Bang tan 2,3-2,4GHz (2,3GHz Band) : dugc dé xuét st dung cho Mobile WIMAX
. Tai Han Quéc bang nay d4 duoc trién khai cho WBA (WiBro).

- Bang tan 2,4-2,4835GHz: duoc dé xuét str dung cho WiMAX trong tuong lai .

- Bang tan 2,5-2,69GHz (2,5GHz Band): duoc dé xuat st dung cho WIMAX di
dong trong giai doan dau .

- Bing tan 3,3-3,4GHz (3,3GHz Band): duoc dé xuat st dung cho WIMAX ¢
dinh.

- Bang tan 3,4-3,6GHz (3,5GHz Band): duoc dé xuat st dung cho WIMAX ¢é dinh
trong giai doan dau : FWA (Fixed Wireless Access)/WBA (WideBand Access).

- Bing tan 3,6-3,8GHz: duoc dé xuat str dung cho WIMAX ¢6 dinh (WBA) va cap
cho Chau Au. Tuy nhién, bang 3,7-3,8 GHz d& dugc dung cho vé tinh vién thong
Chau A, nén bang tan nay khong dugc sir dung cho WIMAX Chau A.

- Bing tan 5,725-5,850GHz: duoc dé xuat str dung cho WIMAX ¢é dinh trong giai
doan dau.

- Ngoai ra, mot sb bang tan khac phan bo cho BWA ciing duge mot sb nudc xem
xét cho BWA/WIMAX la: bang tan 700-800MHz (< 1GHz), bang 4,9-5,1GHz.
1.5.2) Céc biing tin & Viét nam c6 kha niing danh cho WIMAX

- Bang tan 2,3-2,4GHz va 3,3-3,4GHz cho céc hé thong truy cap khong day bang
rong, ké ca WIMAX .

- Bang tan 5,725-5,850GHz cho cac hé thong truy cap khong day bing rong, ké ca
WIMAX nhung cac hé thong nay phai dung chung bang tan véi cac hé thong WiFi
Vi diédu kién bao vé cac hé thdng WiFi hoat dong trong bang tan nay.

- Bang tan 2,5-2,690GHz cho c4c hé thong truy cap khong dy bang rong, ké ca
IMT-2000 va WIMAX .Hién tai, chinh phu d& cép phép thir nghiém dich vu
WIMAX di dong tai bang tan 2,3-2,4 GHz; va bang tan 2,5-2,69 GHz. (theo cong
van s6 5535/VPCP-CN ciia Vian phong Chinh pha).

1.6) TRUYEN SONG

GVHD: Nguy&n Thi Bio Thu SVTH : Tran Coéng Chinh - DHDT3
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Trong khi nhiéu cong nghé hién dang ton tai cho khong day bang rong chi co thé
cung cip phu séng LOS, cong nghé WIMAX duoc tdi wu dé cung cip phil song
NLOS. Cong nghé tién tién cia WiMAX cung cap tot nhat cho ca hai. Ca LOS va
NLOS bi anh huéng bdi cac dic tinh dudng truyén moi trudng cia ching, ton that
duong dan, va ngan quy két ndi vo tuyén.

Trong lién lac LOS, mot tin hiéu di qua mot dudng truc tiép va khong bj tic nghén
tir may phat dén may thu. Mot lién lac LOS yéu cau phan 16n mién Fresnel thir nhat
thi khong bi ngan can cta bét ki vat can nao, néu tiéu chuan nay khong thoa mén thi
O sy thu nho dang ké cuong do tin hiéu quan sat. B9 ho Fresnel dugc yéu cau phu
thudc vao tan s6 hoat dong va khoang cach giira vi tri may phat va may thu.

Trong lién lac NLOS, tin hiéu dén may thu qua phan xa, tan xa, nhidu xa. Céc tin
hiéu dén may thu bao gdm cac thanh phan tir dudng truc tiép, cac duong duge phan
xa nhiéu lan, nang lugng bi tdn xa, va cadc duong truyén bi nhiéu xa. Céc tin hiéu
nay cé khoang tré khac nhau, suy hao, phan cuc, va do on dinh quan h¢ voi duong
truyén truc tiép. La nguyén nhan gay ra nhidu ISI va méo tin hiéu. Piéu d6 khong
phai 12 van dé ddi voi LOS, nhung vi NLOS thi lai 12 van dé chinh.

C6 nhiéu wu diém ma nhimg trién khai NLOS tao ra ddng mong muén. Vi du, cac
yéu cau lap ké hoach chat ché va gidi han chiéu cao anten ma thuong khong cho
phép anten duogc bé tri cho LOS. Véi nhiing trién khai té bao ké nhau pham vi rong,
noi tan s6 dugc sir dung lai 1a téi han, ha thap anten 1a thuan lgi dé giam nhiéu kénh
chung giita cac vi tri cell lién ké. Diéu nay thuong c6 tac dung thiic day cac tram
gdc hoat dong trong cac diéu kién NLOS. Cac hé théng LOS khong thé giam chiéu
cao anten bai vi 1am nhu vay s& co tac dong dén duong quan sét truc tiép duoc yéu

cau tir CPE dén tram goc.
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Hinh 1.8: Truyén séng trong trwong hop LOS
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Receiving Antenna

Transmitting Antenna

Hinh 1.9: Truyén séng trong truwong hop NLOS
1.7) TINH HINH TRIEN KHAI WIMAX
1.7.1) Tinh hinh trién khai WIMAX trén thé giéi
Hién nay, trén thé gidi, dd c6 cac mang thir nghiém cong nghé WIMAX cé dinh va
di dong. Theo danh gia cua Maravedis Inc. thi thi truong vién thong bang rong cb
dinh dén ndm 2010 ¢ doanh thu vuot 2 ty USD. Hién nay, toc do ting truong hang
nam 1a 30%. Viéc xuat hién mot cong nghé truy cap khong day bang rong méi nhur
WIMAX cho phép trién khai nhanh dich vu, s& 1am bing né thi trudng trong nhiing
nam toi.
Pén nay, ¢4 c6 mot sd nude da di vao trién khai va khai thac thir nghiém cac dich
vu trén nén Mobile WIMAX nhu My, Uc, Brazil. ..
Mot su kién co thé coi 1a mot bude ngodt quan trong cia WIMAX — tir ngdy 15-
19/10/2007 - co quan vién théng qudc té thude lién hiép quoc ITU da phé duyét
cdng nghé bang rong khong day nay vao bo chuan IMT-2000. Quyét dinh nay d4
dua WIMAX  1én ngang tam v&i nhimg k¥ thuat két nbi vo tuyén hang dau hién nay
trong bo chuan IMT-2000 gom c6 GSM, CDMA va UMTS. Piéu nay d¢am bao cho
cac nha khai thac va quan Iy trén toan thé gii yén tim dau tu vao bang rong di
dong thuc sy dung WIMAX .
1.7.2) Tinh hinh trién khai WIMAX thir nghiém tai Viét Nam
VNPT trién khai thir nghiém c6ng nghé¢ WIMAX tai Lao Cai vao thang 10/2006 va
da nghiém thu thanh cong vao thang 4/2007.

GVHD: Nguy&n Thi Bio Thu SVTH : Tran Coéng Chinh - DHDT3



17

Nim 2006, tai Viét Nam, da c6 4 doanh nghiép dugc Bo Buu chinh Vién thong cho
phép cung cap thir nghiém dich vu WiMAX c6 dinh 1a Viettel, VTC, VNPT va FPT
Telecom. Sau khi thr nghiém xong, Bo s& lya chon 3 nha cung cap chinh thir cho
loai hinh bang rong khong day nay.

Ngay 1/10/2007, Chinh phii ¢4 cap phép trién khai dich vu thong tin di dong 3G va
dich vu truy nhéap bang rong khong day WIMAX (theo cong van 5535/VPCP-CN
cia van phong Chinh phil). Pong thoi, Pho thu tuéng dd dong v cap phép thir
nghiém dich vu WIMAX di dong cho 4 doanh nghiép EVN Telecom, Viettel, FPT
va VTC thir nghiém tai bang tan 2.3 - 2.4 GHz; VNPT thir nghiém tai bang tan 2.5
—2.69 GHz.

1.8) So sanh WIMAX di dgng véi 3G

Hai dang khac nhau cia CDMA 3G dugc sir dung rong rdi |a WCDMA - giai phap
FDD dya trén co s& kénh 5 MHz va CDMAZ2000 - giai phap dya trén co so kénh
1,25 MHz.

WCDMA duogc phat trién dé tang kha ning duong sudéng véi phién ban truy nhap
go6i duong xudng téc do cao (HSDPA) va truy nhap goi dudng 1én téc do cao
HSUPA . Nhom phét trién 3G ciing can nhac phat trién kha nang truyén xa hon cho
WCDMA nhu 1a cung cap MIMO véi HSPA.

Twong ty nhu vay, CDMA 2000 duogc phét trién dé ting kha niang truyén dan sb
liéu tai phién ban 1x EVDO-Rev 0 va 1x EVDO-Rev A. M6t nang cao nira la phién
ban EVDO Rev B dua vao kha nang da song mang.

Céc thudc tinh cy thé dugc dua ra trong bang sau:

GVHD: Nguy&n Thi Bio Thu SVTH : Tran Coéng Chinh - DHDT3

HSDPA/HSUA
Thugc tinh 1x EVDO Rev A WiMAX di dong

(HSPA)
Tiéu chuan co s& CDMAZ2000/1S-95 WCDMA IEEE802.16e
P.P song cong FDD FDD TDD
Pa truy nhap (DL) TDM CDM-TDM

OFDMA

Da truy nhap (UL) CDMA CDMA
Do rong bang 1,25 MHz 5,0 MHz 5;7;8,75; 10 MHz
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Kich co DL 1,67 ms 2ms
5ms TDD
khung UL 6,67 ms 2/ 10 ms
. , QPSK/ 8PSK/ QPSK/ 16QAM/ 64
Diéu ché DL QPSK/ 16QAM
16QAM QAM
Diéu ché UL BPSK, QPSK/8PSK BPSK/ QPSK/ 16 QAM
Ma hoa Turbo CC, Turbo CC, Turbo
, 46 Mbps,DL/UL=3
Tdc do dinh DL 3,1 Mbps 14 Mbps
32 Mbps,DL/UL=1
. 7 Mbps,DL/UL=1
Toc d6 dinh UL 1,8 Mbps 5,8 Mbps
4 Mbps,DL/UL=3
DPong bo 4 kénh DPong bo 6 kénh DPong bo da kénh
H-ARQ
nhanh IR nhanh CC CC
Lap lich nhanh DL
Lap lich Lap lich nhanh DL Lap lich nhanh UL .
va UL
Chuyén viing . . Chuyén ving cing | Chuyén viing cirng
Chuyén vung mién ao . .
(Handoff) khoi dau tir mang khoi dau tir mang

Bdng 1.10: So sanh WIMAX di dpng va 3G

1.9) KET LUAN CHUONG

Chuong 1 da khai quét dugc nhitng dic diém co ban cia WIMAX bao gdém khai
niém, uvu thé, tng dung, cac chuan, cac bang tan, qua trinh trién khai & nudc ta va
trén thé gidi duoc sir dung cho WIMAX . Ngoai ra, chuong nay ciing néu 1én duoc
cac uu diém, nhuoc diém hé thong sir dung cong nghé WIMAX . So sanh dic diém
cia WIMAX véi 3G. Chuong nay s& 1a nén ting cho cic chuong tiép theo nham
tim hiéu sau hon vé hé thong WIMAX .
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CHUONG 2: CAC Ki THUAT PIEU CHE PUQC
SU DUNG TRONG WIMAX

2.1) Giégi thiéu
Véi cong nghé trong tu trude diy (FM, AM) va biéu d6 diéu ché sé hoa hiéu suat
thap (PSK, BPSK va QPSK) duogc sir dung rong rdi trong c4c mang ngdy nay, cong
nghé bang rong khdng day yéu cau sir dung cac biéu do diéu ché theo thw tu cao
hon vé6i hiéu qua trai pho tot hon. Tuy nhién, biéu do diéu ché theo thir ty cao hon
nay rat dé bi tac dong boi nhifu va hién tuong da duong din. Ca hai yéu té nay déu
pho bién trong céc trién khai mang khong dy c6 mat khap noi va sé luong nguoi
dung Ién.
OFDM, OFDMA va S-OFDMA Ia nhiing cong nghé truy nhap méi cai tién hd tro
kénh can thiét ¢é dat dugc hiéu qua trai phd tét hon va thong lugng kénh cao hon.
Nhiing cong nghé truy nhap méi ndy 1a nén tang cho WIMAX va 12 lya chon cho
cac hé thong bang rong di dong tiép theo khac nhdm cung cép nhiéu loai hinh dich
vu truyén thong da phuong tién toc do cao.
Trong chuong ndy, chiing ta s& khao sat tong quan cac k¥ thuat tién tién dugc ap
dung trong cong nghé WIMAX nhu 1a k§ thuat OFDM, OFDMA, hé théng anten

tién tién...

2.2) Ki thuat OFDM

2.2.1) Khai niém

K§ thuat OFDM 1a k§y thuat ghép kénh phan chia theo tan s truc giao (Orthogonal
Frequency Division Multiplexing). Trong OFDM, chudi dir liéu t6i dau phat
thuong ¢ toc do rat cao. DOng dit liéu nay dugc chia thanh nhiéu dong dir lidu
song song toc do thap hon nhd bd chuyén doi ndi tiép-song song (S/P). Mdi dong
dir liéu song song sau d6 duoc diéu ché boi mot song mang, cic song mang nay
dugc chon tryc giao véi nhau dé dam bao c6 thé tach riéng timg ludng dir liéu tai

dau thu. Ké dén cac song mang nay dugc tong hop lai va dua 1én tan s6 phat.
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Hinh 2.1: So sanh gi#a FDM va OFDM

L

S6 lwong cac song mang con phu thudc vao nhiéu yéu té nhu d6 rong kénh va mirc
d6 nhidu. Con sd nay twong ung véi kich thuéc FFT. Chuan giao tiép vo tuyén
802.16-2004 x4c dinh 256 song mang con twong tmg FFT 256 diém, hinh thanh
chuan Fixed WIMAX, vé6i d6 rong kénh ¢ dinh. Chuén giao tiép 802.16-2005 cho
phép kich ¢& FFT tir 512 dén 2048 phu hop vé6i do rong kénh SMHz dén 20MHz,
hinh thanh chuan Mobile WIMAX (Scalable OFDMA), dé duy tri twong do6i
khoang thoi gian khong doi cta cac ki hidu va khoang dan céch giira cic song mang
véi d6 rong kénh.

C6 thé thay 18 lgi ich cia OFDM khi xét qua kénh truyén. Néu ludng dir liéu gbc
dugc chuyén truc tiép 18n séng mang va phat 1én kénh truyén, thi bang thong rong
cua tin hiéu phat s& bi tac dong chon loc tan sd. Bai vi, khi tin hiéu truyén c6 bing
thdng rong (do tdc do bit cao), cac tan s6 khac nhau s& c6 d suy hao khac nhau khi
truyén qua kénh truyén vo tuyén. Piéu ndy dan dén viéc khoi phuc tin hiéu tai may
thu s& phtrc tap, doi héi phai c6 bo can bang. Trong OFDM, ludng dir lidu duoc
tach thanh N ludng dir liéu tdc do thap, co bang thong hep. Do do, khi truyén, cac
ludng dit liéu nay chiju Fading phang cung do.

Tai may thu, luéng dir liéu trude tién dugc dua vé bang géc bd1 bd tron. Luéng dir
liéu nay sau d6 dugc tach ra thanh N ludng dir liéu toc do thap, theo sau 1a bo loc
thong thap va bo quyét dinh.

2.2.2) So d6 kh6éi OFDM
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Dix
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So do 2.2: So do khéi hé thong OFDM

Pau tién, dong dit liéu vao véi téc dd cao duoc chia thanh nhiéu dong dit liéu song
song tdc d6 thap hon nhd bd chuyén d6i ndi tiép-song song (S/P). Mdi dong dit liéu
song song sau d6 dugc mé hoa (Coding) sir dung thuat toan FEC (Forward Error
Correcting) va dugc sip xép (Mapping) theo mét trinh ty hdn hop. Nhimg ky tur
hdn hop duoc dua dén dau vao cua khdi IDFT (¢ day dé thyc hién phép bién doi
IDFT nguoi ta ding thuat toan IFFT). Sau d6 khoang bao vé dugc chén vao dé
giam nhiéu xuyén ky ty (ISI), nhiu xuyén kénh (ICI) do truyén trén cac kénh vo
tuyén di dong da dudong. Dong dit liéu song song lai dugce chuyén thanh néi tiép
nho bo chuyén d6i song song-ndi tiép (P/S). Cudi cling, bd A/D phia phat dinh
dang tin hiéu thoi gian lién tuc va chuyén déi 1én mién tan s6 cao dé truyén di xa.

- Trong qua trinh truyén, trén cac kénh s& c6 cac ngudn nhiéu tac dong dén nhu
nhiu Gausian trang cong (Additive White Gaussian Noise-AWGN).

O phia thu, tin hiéu thu dugc chuyén xudng tan sd thap va tin hiéu roi rac nhan
dugc sau bd D/A thu. Khoang bao vé dugc loai bo va cdc mau duoc chuyén doi tir
mién thoi gian sang mién tan s bang phép bién d6i DFT dung thuat toan FFT (khoi
FFT). Sau do, tuy vao so do diéu ché dugc str dung, su dich chuyén vé bién do va
pha ctia cac song mang nhanh s& dugc sip xép nguoc tré lai va dugc giai ma. Cudi

cuing, ching ta nhan lai duoc dong dir liéu ndi tiép ban dau.
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2.2.3) Chudi bao vé trong hé thong OFDM

Uu diém cta phuong phap diéu ché OFDM khong chi thé hién & hiéu qua st dung
bing thong ma con c6 kha ning 1am giam hay loai trir nhiéu xuyén ki hiéu ISI nhe
str dung chudi bao vé (Guard Interval- GI). Mot mau tin hiéu c6 do dai la Ts, chudi
bao vé twong (g 1a mot chudi tin hiéu co6 d6 dai Tg & phia sau duge sao chép 18n
phan phia truéc ciia mau tin hiéu nay nhu hinh vé sau (do d6, GI con dugc goi 1a
Cyclic Prefix-CP). Sy sao chép nay ¢ tac dung chdng lai nhidu xuyén ki hiéu ISI

do hiéu g phan tap da duong.

i

G Phan tin hiéu c6 ich

Hinh 2.3: Khai ni¢m vé chuéi bio vé
Nguyén tic ndy giai thich nhu sau: Gia sir may phat di mot khoang tin hiéu co
chiéu dai 1a Ts, sau khi chén thém chudi bao vé co chiéu dai Tg thi tin hiéu nay c6
chiéu dai 12 T=Ts+Tg. Do hiéu tmg da dudng multipath, tin hiéu nay s& téi may thu
theo nhiéu duong khic nhau. Trong hinh v& mé ta dudi day, hinh a, tin hiéu theo
duong thir nhat khong c6 tré, cac duong thir hai va thir ba déu bi tré mot khoang
thoi gian so voi duong thir nhat. Tin hiéu thu duge & may thu s& 12 tong hop cua tat
ca céc tuyén, cho thay ki hiéu dimg trudc sé chong lan vao ki hiéu ngay sau do, day
chinh 14 hién twgng ISI. Do trong OFDM c6 sir dung chudi bao vé co6 do dai Tg sé
dé dang loai bo hién twong nay. Trong truong hop Tg >T max nhu hinh vé mo ta thi
phan bi chong 14n ISI nam trong khoang cua chudi bao vé, con thanh phan tin hiéu
c6 ich van an toan. O phia may thu s& gat bo chudi bao vé trudc khi giri tin hiéu dén

bo giai didu ché OFDM. Do d6, diéu kién can thiét dé cho hé thdng OFDM khong

9 5 9 \ T 2 ,e Y X A X A 5 A
bi anh huong boi ISI 1a:  © ¥max V&i Tyax 12 tré truyén dan toi da cta kénh.
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Time

Co Gl
Hinh 2.4: 1S1 va cyclic prefix
2.2.4) Nguyén tac giai diéu ché OFDM
Céc budc thuc hién ¢ day déu nguoc lai so v6i phia may phét. Tin hiéu thu s& dugc
tach chudi bao vé, giai diéu ché dé khoi phuc bing tan gdc, giai diéu ché & cac song
mang con, chuyén d6i mau tin hiéu phirc thanh dong bit (tin higu sd) va chuyén doi

song song sang noi tiép

(k- KTs

Hinh 2.5: Tach chuéi bdo vé

2.2.5) Céc wu va nhwoe diém cia ki thuait OFDM
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Qua viéc phan tich vé co ban k¥ thuat OFDM nhu trén, chung ta co thé rat ra mot
sb wu diém, nhuoc diém chinh cia OFDM nhu sau:

2.2.5.1) Uu diém

- Str dung phd hiéu qua nhd phd tan s6 c¢d dang gan nhu cira s6 chir nhat néu sb
song mang con du 16n.

- Loai bo nhiéu xuyén ky tu (ISI) va nhiéu giita cac khung (IFI) nho sir dung tién to
vong CP (Cyclic Prefix).

- Kha nang chdng nhiéu giira cac kénh con rét tot nho viée sir dung cac sdng mang
con truc giao.

- K§ thuat OFDM cho phép thong tin toc d6 cao dugc truyén song song véi toe do
thap hon trén cac kénh bang hep. Cac kénh con nay duogc coi 12 cac kénh fading
khong lua chon tan sé nén c6 thé ding cac bod can bang don gian trong sudt qua
trinh nhan thong tin. Noi nhu vdy, hé thdng OFDM chéng duoc anh hudng cia
fading lra chon tan sd.

- K§ thuat OFDM 1a mot phuong phap hiéu qua dé giai quyét da duong, khang
nhiéu bang hep tot vi nhidu nay chi anh huéng mot ty 1é nhé cic song mang con.

- Thyc hién don gian trong mién tan s6 bang cach dung giai thuat FFT. Dong thoi
may thu don gian do khong can bo khir ICI va ISI néu khoang du trit du dai.
2.2.5.2) Nhwrge diém

- OFDM Ia tap hop cua tin hiéu trén nhiéu séng mang, dai dong cua tin hiu 16n nén
6 ty sd cong suat dinh/trung binh tuong ddi 16n s& 1am han ché hiéu suét cia b
khuéch dai am tan.

- Mat mét hiéu suat pho do chén khoang du trir.

- Nhiéu pha do su khong phdi hop giita cac b dao dong & may phat va may thu, co
thé 1am anh hudng dén chat luong hé thong.

- Phai c¢6 su dong bo chinh xac vé tan sd va thoi gian, dic biét 1a tan sb.

Nhu vay, k§ thuat OFDM 1a giai phap rat phil hop cho truyén dan vo tuyén téc do
cao noi chung va cho cong nghé Wimax néi riéng. Theo phan tich vé ky thuat
OFDM nhu trén , dung luong ciia hé thong s& dugc danh gia thong qua sd luong
cac song mang con dugc didu ché. S6 luong cic song mang con phu thudc vao
nhiéu yéu t6 nhu d6 rong kénh, mirc 6 nhiéu, kiéu diéu ché,... Con s6 nay (song
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mang con) twong tng véi kich thuée FFT. Cu thé nhu chuan 802.16-2004 x4c dinh
réd 256 song mang con, twong tmg vai kich thude FFT 256 do rong kénh doc lap,
chuan 802.16e-2005 cung cap kich ¢& FFT tir 512 dén 2048 twong tng véi d6 rong
kénh tir 5 MHz dén 20 MHz dé duy tri khoang cach twong d6i khong doi ciia ky
hiéu va khoang dan céch gitra cac song mang con doc lap voi do rong kénh. Nhu
vay, vi cong nghé OFDM, nho su két hop clia cac song mang con tryc giao truyén
song song Véi cac ky hiéu co khoang thoi gian dai ¢am bao rang luu lwong bang
thdng rong khong bi han ché do méi trudng khong theo tim nhin thang NLOS va

nhiéu do hién tuong da duong dan.

2.3) Ki thuat OFDMA

2.3.1) Khai niém

OFDMA (Orthogonal Frequency Division Multiple Access- Pa truy nhap phan tan
truc giao) 14 mot cong nghé da song mang phat trién dya trén nén ki thudt OFDM.
Trong OFDMA, mét sb cac song mang con, khong nhat thiét phai nam ké nhau,
dugc gop lai thanh mot kénh con (sub-channel) va cac user khi truy cap vao tai
nguyén sé dugc cip cho mot hay nhiéu kénh con dé truyén nhan tly theo nhu cau
luu luong cu thé.

2.3.2) Pic diém

OFDMA c6 mét s6 uu diém nhu 13 ting kha ning linh hoat, thong lugng va tinh 6n
dinh dwoc cai thién. Viéc an dinh cac kénh con cho céc thué bao cu thé, viéc truyén
nhan tir mot s6 thué bao co thé xay ra dong thdi ma khéng can sy can thiép nao, do
d6 s& giam thiéu nhitng tac dong nhu nhidu da truy xuat (Multi access Interfearence

- MAI)

DL part UL part —p

Preamble UL
Preamble UL
Preamble
FCH

Preamble DL

OFDM
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DL part e UL part -

Hinh 2.6: ODFM va OFDMA

Hinh 2.7 m6 ta mot vi du vé bang tan s - thoi gian cia OFDMA, trong d6 ¢6 7

nguoi dung tir a dén g va mdi ngudi sir dung mot phan xac dinh cua cac sdng mang

phu c6 sin, khac v&i nhitng nguoi con lai.

a| |d a | |d a| |d
a| |d a | |d a| |d
A | @ |C e a|c|e a|c |e
a|c|e a|c|e a|c |e
b e | g b e |g|b e | g
b e |g | b e |g|b e | ¢
b f g | b f g |b flog
b f g | b f g |b flog

Bdng 2.7: Vi du ciia biéu dé tan sé, thoi gian véi OFDMA
Thi du cu thé nay thuc té 13 sy hdn hop cia OFDMA va TDMA bai vi mdi nguoi
st dung chi phat & mot trong 4 khe thoi gian, chira 1 hodc vai symbol OFDM. 7
nguoi st dung tir a dén g déu duoc dit ¢d dinh (fix set) cho cic song mang theo
bon khe thoi gian.
2.3.3) OFDMA nhay tan
- Trong Vi du trudc cia OFDMA, mdi ngudi str dung déu c6 mot su sap dit c¢b dinh
(fix set) cho séng mang. C6 thé d& dang cho phép nhay cac séng mang phu theo
khe thoi gian nhu duge mo ta trong hinh
- Viiéc cho phép nhay véi cac miu nhay khac nhau cho mdi user 1am bién d6i thuc

sy hé théng OFDM trong hé thng CDMA nhay tan. Diéu ndy c6 loi 1a tinh phan
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tap theo tan sd ting 1én boi vi mbi user diing toan bo bang thong c6 san ciing nhur 1a
c6 loi vé& xuyén nhiéu trung binh, diéu rat phd bién ddi véi cac bién thé cia CDMA.
Bang cach str dung m sira 16i hudng di (Forward Error Correcting- FEC) trén cac
budc nhay, hé thdng co thé sira cho cac song mang phy khi bi fading sau hay cac
sdng mang bi xuyén nhiéu bai cac user khac. Do dic tinh xuyén nhiéu va fading
thay d6i véi mdi bude nhdy, h¢ théng phu thudc vao nang lugng tin hi€u nhan dugc
trung binh hon 1a phy thudc vao user va niang luong nhidu trong truong hop xiu

nhat.

Bdng 2.8: Biéu do tin so thoi gian véi 3 ngwoi dUng nhdy tdn a, b, ¢ déu cé 1

bwoc nhay voi 4 khe thoi gian

- Uu diém co ban cta hé théng OFDMA nhay tan hon han cac hé thong DS-CDMA
va MC-CDMA 1a tuong d6i dé& dang loai bo dugce xuyén nhidu trong mot té bao
bang cach sir dung cic mau nhay truc giao trong mot té bao.

- Mot vi du cta viéc nhay tan nhu vay dugc mo ta trong hinh 2.9 cho N séng mang

phu, n6 udén ludén co thé tao ra N mau nhay tryc giao.
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a f e d c b
b a f e d c
A
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d c b a f
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Bdng 2.9: 6 méu nhdy tin trwc giao véi 6 tan so nhdy khdc nhau

2.3.4) H¢ thong OFDMA

Piéuc [ Chen | [ Chén ADC
hé Pilot Gl
bang symbo Kénh
truyén
Giai Can
dié}l | bang : Chén |« "SAC
ché kénh Gl
A
Tach
Pilot
Khoi
phuc

So d6 2.10: Tong quan hé thong sir dung OFDMA
- Ngudn tin hiéu duoc diéu ché ¢ bang tan co so théng qua cic phuong phap diéu
ché nhuw QPSK, M-QAM....Tin hiéu dan duong (ban tin dan duong, kénh hoa tiéu -
pilot symbol) dugc chén vao ngudn tin hiéu, sau d6 duoc diéu ché thanh tin hiéu
OFDM théng qua bién d6i IFFT va chén chudi bao vé GI. Ludng tin hiéu s6 duoc
chuyén thanh tin hiéu twong ty trude khi truyén trén kénh vo tuyén qua anten phat.
Tin hiéu ndy s& bi anh huéng boi fading va nhidu tring AWGN (Addictive White

Gaussian Noise ).
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- Tin hiéu dan dudng 12 mau tin hiéu duogc biét trudc & phia phat va phia thu, dugc

phat kém véi tin hiéu c6 ich nham khéi phuc kénh truyén va dong bo hé thong.
Deta carmiers PRilot Carriers

/\ /\
) hTTmMTTTTT%TTTTTTMTTTTTMTTTTTMTTTTTTITTTTTTITTTTTTTI ,
\ Total Frequency band /

Frequency guard Band Frequency Guard Band

Hinh 2.11: Mdu tin hi¢u din dwong trong OFDMA
- Phia may thu sé& thyc hién nguoc lai so véi may phat. Dé khoi phuc tin hiéu phat
thi ham truyén phai duoc khéi phuc nho vao mau tin dan duong di kém. Tin hiéu
nhan duoc sau khi giai diéu ché OFDM duogc chia 1am hai ludng tin hiéu. Ludng
thir nhét 1a tin hiéu co6 ich dugc dua dén bo can bang kénh. Ludng thir hai 1a mau tin
dan duong duoc dua vao bo khoi phuc kénh truyén, sau dé lai dugce duwa dén bo can

bang kénh dé khoi phuc lai tin hiéu ban dau.

2.4.) Piéu ché thich nghi

Diéu ché thich nghi cho phép hé théng WiMAX diéu chinh so d6 diéu ché tin hiéu
phu thudc vao diéu kién SNR cua lién két vo tuyén. Khi lién két vo tuyén chat
luong cao, so dd didu ché cao nhat dugc sir dung, dua ra hé thong dung luong 16n

hon.

BPSK

N /SN'R 6dB, 1bit/Hz
; = sk

:f { _rq\}q\ SNR = 9dB, 2bit/Hz
16QAM

SNR = 16 dB, 4 bit/Hz
64QAM
SNR = 22dB, 6 bit/Hz

Hinh 2.12: Ban kinh cell quan hé véi diéu ché thich nghi

Trong qué trinh suy giam tin hiéu, hé théng WiMAX c6 thé dich dén mot so d6
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diéu ché thap hon dé duy tri chat luong két ndi va 6n dinh lién két. Dac diém nay

cho phép hé théng khac phuc fading lya chon thoi gian.

2.5) Cong nghé sira 15i

Cac cong nghé sira 16i d4 duogc stir dung trong WIMAX dé dat cac yéu cau vé ti sd
tin hiéu trén tap am hé théng. Cac thuat toan FEC, ma hoéa xoan va chén duoc ding
dé phat hién va stra céc 16i cai thién thong luong. Cac cong nghé stra 16i manh gitp
khdi phuc cac khung bi 161 ma c6 thé bi mat do fading lwa chon tan sé va céc 15i
cum. Ty dong yéu cau lap lai (ARQ) dugc dung dé stra 16i ma khdng thé duogc sira
boi FEC, giri lai thong tin bi 18i. Diéu ndy c6 ¥ nghia cai thién chat luong ti 1¢ 16i

bit (BER) ddi v6i mot mirc ngudng nhur nhau.

2.6) Piéu khién cong suat

Cac thuat toan diéu khién cong suit dugc dung dé cai thién chat lwong toan bo hé
thdng, né duoc thuc hién boi tram gdc guri thong tin diu khién cong suat dén mdi
CPE dé diéu chinh mirc cong suat truyén sao cho murc ¢4 nhan ¢ tram gdc thi & mot
murc d4 xac dinh trude. Trong mdi truong fading thay d6i dong, muc chi tiéu da
dinh trudc ndy c6 nghia 12 CPE chi truyén du cong suat thoa man yéu cau nay. Diéu
khién cong suat giam sy tiéu thu cong suat tong thé cia CPE va nhiéu véi nhiing
tram gbc clng vi tri. Vi LOS, cong sudt truyén cia CPE gan twong ung véi

khoang cach ciia n6 dén tram gdc, véi NLOS, tlly thudc nhidu vao do ho va vat can.

2.7) Cong nghé dng-ten tién tién

Cong nghé anten c6 thé ding dé cai thién truyén dan theo hai cach — sir dung
cdng nghé phan tap va sir dung cac hé thong anten va cac cong nghé chuyén mach
tién tién. Cac cong nghé nay co thé cai thién tinh co dan va ti s6 tin hiéu trén tap am

nhung khong bao dam phat dan s& khong bi 4nh huéng ctia nhiéu.
2.7.1) Phan tdp thu va phat
Céc luoc d6 phan tap duoc stir dung dé loi dung cac tin hiéu da dudng va phan xa

Xay ra trong cac mdi truong NLOS. Bang cach sir dung nhiéu dng ten (truyén

va/hoic nhan), fading, nhiéu va ton hao duong truyén c6 thé duge 1am giam. Phan
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tap truyén sir dung ma thoi gian khong gian STC. Ddi véi phan tap nhén, cic cong
nghé nhu két hop ty 1& téi da (MRC) mang lai wu diém cia hai duong thu riéng
biét. Vé MISO (nhiéu dau vao mot dau ra).

Serialto |5
Parallel =

Diversity |¢—
Combining (&=
N

Hinh 2.13: MISO

M¢ rong té1 MIMO, stt dung MIMO ciing s€ nang cao thong lugng va tang cac
duong tin hiéu. MIMO sir dung nhiéu ang ten thu va/hodc phat cho ghép kénh theo
khdng gian. Mdi ang ten c6 thé truyén dir liéu khac nhau ma sau d6 c6 thé dugc giai
ma & may thu. Pdi vdi OFDMA, bai vi mdi song mang con 1a cac kénh bang hep
tuong tu, fading lya chon tan s6 xuét hién nhu 14 fading phang t6i méi song mang.
Hiéu tng nay c6 thé sau d6 duoc mé hinh hda nhu 1a mot sy khuéch dai khong doi
phirc hop va c6 thé don gian hoa sy thwc hién ctia mot mdy thu MIMO cho
OFDMA.
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Hinh 2.14: MIMO

2.7.2) Céac h¢ thong anten thich nghi

Céc hé thong anten thich nghi (Adaptive Antenna systems — AAS) la mot phan
tdy chon. Céc tram gdc co trang bi AAS c6 thé tao ra cac chim ma c6 thé duoc lai,
tap trung nang lugng truyén dé dat dugc pham vi 16n hon. Khi nhéan, ching cé thé
tap trung & huéng cu thé ciia may thu. Didu ndy gitp cho loai bo nhiéu khong mong

muéng tir cac vi tri khac.

Hinh 2.15: Beam Shaping
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3 zectors
4 antennas per secior
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%

3 sedars
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user, null” undesired

Hinh 2.16: AAS dwong xuéng

2.8) Két luan chwong

Chuong 2 dA trinh bay cac dic diém k§ thuat cia WIMAX, ndi bat 1a cac ki thuat
OFDM, OFDMA, cling véi cac k¥ thuat diéu ché thich nghi, sira 16i va céc hé
thong anten théng minh. O chuong tiép theo, chiing ta s& xem xét dén kién triic

Mang truy cap WIMAX

CHUONG 3: KIEN TRUC MANG TRUY CAP WIMAX

3.1) Giéi thiéu chwong

Noi dung ctia chuong 1a trinh bay mé hinh tham chiéu va pham vi cta chuan tng
dung cho WiMAX, bao gém 16p MAC ( 16p con hoi tu MAC, 16p con phan chung
MAC, l6p con bao mat ) va lop PHY (16p vat 1y ).

3.2) M6 hinh tham chiéu.

- Hinh 3.1 minh hoa mé hinh tham chiéu va pham vi ctia chuan. Trong mé hinh
tham chiéu nay, 16p PHY twong tGng vai 16p 1 (16p vat 1y) va 16p MAC tuong (mg
Vi 16p 2 (16p lién két dir lidu) trong mo hinh OSI.
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Hinh 3.1: M0 hinh tham chiéu

- Trén hinh ta c6 thé thiy 16p MAC bao gdm 3 16p con. Lop con hdi tu chuyén biét
dich vu cung cip bt ctr bién doi hay anh xa dir liéu mang bén ngoai, ma nhan dugc
qua diém truy nhép dich vu CS (CS SAP), vao trong cac MAC SDU dugc tiép nhan
boi 16p con phan chung MAC (CPS) qua SAP MAC. Ttc 1a phan loai cac don vi
dir liéu dich vu mang ngoai (c4c SDU) va két hop ching véi dinh danh ludng dich
vu (SFID) MAC va dinh danh két ndi (CID) riéng. N6 ciing c6 thé bao gdm céac
chire nang nhu nén dau myc tai (PHS). Nhiéu dic tinh CS dugc cung cép cho giao
tiép v6i cac giao thirc khac nhau. Pinh dang bén trong cua payload CS 1a duy nhat
v6i CS, va MAC CPS khéng duge doi hoi phai hiéu dinh dang hay phan tich bat ctr
thdng tin nau tir payload CS. MAC CPS cung cép chirc nang MAC cdt 16i truy nhap
hé thong, dinh vi dai thong, thiét 1ap két ndi, va quan 1y két néi. N6 nhan dir liéu tir
cac CS khac nhau, qua MAC SAP, ma dugc phén loai tdi cac két ndi MAC riéng.
MAC ciing chira mot 16p con bao mat riéng cung cap nhan thuc, trao d6i khoa bao
mat, va mat hoa.

- L6p vat 1y 1a mot anh xa hai chiéu gitra cic MAC-PDU va cac khung 16p vat 1y

dugc nhan va dugc truyén qua ma hda va diéu ché cac tin hiéu RF.

3.3) L6p MAC.
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3.3.1) Lép con héi tu MAC

Chuan dinh nghia hai 16p con quy tu chuyén biét vé dich vu tong thé dé anh xa cac
dich vu dén va tir nhitng két ndi MAC. Lép con quy tu ATM duoc dinh nghia cho
nhitng dich vu ATM va Idp con quy tu goi dugc dinh nghia dé anh xa cac dich vu
g6i nhu IPv4, IPv6, Ethernet va VLAN. Nhiém vu chu yéu ciia 16p con 1a phan loai
cac SDU (don vi dit liéu dich vu) theo két n6i MAC thich hop, bao toan hay cho
phép QoS va cho phép dinh vi dai thong. Ngoai nhitng chirc nang co ban nay, cac
I6p con quy tu c6 thé ciing thyc hién nhiéu chirc ning phirc tap hon nhu chin va
xay dung lai ddu muc tai toi da dé nang cao hiéu suét két n6i khong gian.

3.3.2) Lép con phian chung MAC

Lép con phan chung MAC (MAC CPS) la trung tdm caa chuan. Trong 16p con nay,
c4c quy tac cho quan 1y két néi, dinh vi dai thong va co cau cho truy nhap hé théng
dugc dinh nghia. Ngoai ra cac chirc niang nhu 1ap lich dudng 18n, yéu cau va cap
phét dai thong, va yéu cau lap lai ty dong (ARQ) ciing duoc dinh nghia.

3.3.2.1) Pia chi va két noi

- Mbi MS c6 mot dia chi MAC 48 bit, xac dinh duy nhat MS tir trong tap tat ca cac
nha cung cap co6 thé va cac loai thiét bi. N6 dugc sir dung cho qua trinh

“Intial ranging” dé thiét 1ap cac két ndi thich hop cho mot MS. N6 ciing duge sir
dung nhu 12 mot phan ciia qua trinh nhan thyc.

- MAC 802.16 theo kiéu huéng két nbi. Tat ca nhimg dich vu bao gdm nhimng dich
vu khong két nbi ¢ hitu, dugc anh xa téi mot két ndi. Pidu do cung cép mot co
ché cho yéu cau dai thong, viéc két hop QoS va cac tham sé vé luu luong, van
chuyén va dinh tuyén dit liéu dén 16p con quy tu thich hop va tat ca cac hoat dong
khac c6 lién quan dén diéu khoan hop dong cua dich vu. Cac két ndi duoc tham
chiéu dén cac CID 16-bit va c6 thé yéu cau lién tiép dai thong duoc cap phat hay
dai thong theo yéu cau.

3.3.2.2) Cac dinh dang MAC PDU

- MAC-BS va MAC-MS trao ddi cac ban tin, va cac ban tin nay dugc xem nhu cac
PDU. Binh dang cia MAC PDU xem hinh 3.2
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Hinh 3.2: Cdc dinh dang MAC PDU
- Trén hinh ta c6 thé thay ban tin bao gdm ba phan: header MAC chiéu dai ¢6 dinh
la 6 byte, payload chiéu dai thay d6i va CRC. Ngoai trir cac PDU yéu ciu dai thong
(khdng c6 payload), cic MAC PDU c6 thé chira hodc cac ban tin quan 1y MAC
hodc dir liéu 16p con hoi tu - MAC SDU. Payload la tuy chon, CRC ciing tuy chon
va chi dugc str dung néu MS yéu cau trong cac tham sé QoS.
- C6 hai loai header MAC: header MAC chung (GMH) va header MAC yéu cau dai
thong (BR). GMH duoc str dung dé truyén dir liéu hodc cac ban tin quan 1y MAC.
Header BR dugc sir dung boi MS dé yéu cau nhiéu dai thong hon trén UL. Header
MAC va cac ban tin quan Iy MAC khong dugc mat hoa.
3.3.2.3) Xay dwng va truyén cac MAC PDU
- Cac MAC PDU duogc truyén trén cac burst PHY, burst PHY ¢ thé chira nhiéu
block FEC.
- Bao gom cac budc sau: ghép, phan manh, dong goi, tinh toan CRC, mat hoa cac
PDU, dém.
3.3.2.4) Co ciu ARQ
- ARQ s& khong duoc sir dung véi dic ta PHY WirelessMAN-SC. Co cau ARQ 1a
mot phan caa MAC, ma la tly chon bd sung. Khi duge bo sung, ARQ co thé dugc
phép trén co so mdi két ndi. Mdi két ndi ARQ s& duoc chi rd va duge dan xép trong
thoi gian tao két ndi. Mot két ndi khong thé co sy két hop ca luu lwgng ARQ va
khéng ARQ. Chi hiéu qua vai cac tmg dung khong thoi gian thuc.
- Théng tin feedback ARQ c6 thé dugc giri nhu mot ban tin quan Iy MAC doc lap
trén két ndi quan 1y co ban thich hop, hodc duoc mang trén mot két ndi dang ton
tai. Feedback ARQ khong thé bi phan manh. Cira s truot & 16p 2 dua vao co cdu
diéu khién luéng. ARQ st dung mot truong s6 tuan tu 11 bit, CRC — 32 dé kiém tra
16i dit liéu.

3.3.2.5) Truy nhap kénh va QoS
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- IEEE 802.16 ¢6 thé hd trg nhiéu dich vu thdng tin (dit liéu, thoai, video) véi cac
yéu cau QoS khac nhau. Co cdu nguyén Iy dé cung cap QoS la phai két hop cac goi
qua giao dién MAC vao mot ludng dich vu duoc nhan biét bai CID. Mot ludng dich
vu 12 mot ludng vo6 hudng ma duge cung cap mot QoS riéng biét. MS va BS cung
cap QoS nay theo tap tham sé QoS dugc dinh nghia cho ludng dich vu. Muc dich
chinh cua cac dac tinh QoS dugc dinh nghia ¢ day la dé xac dinh tht ty va lap lich
truyén & giao dién khong gian.

- Céc ludng dich vu t6n tai & hudng dudng 1én va duong xudng va co thé ton tai ma
khong dugc hoat dong dé mang luu luong. Tét ca cac luéng dich vu c6 mot SFID
32 bit, cac ludng dich vu hoat dong va chip nhan ciing c6 mot CID 16 bit.

Cac loai ludng dich vu: Céc ludng dich vu duy trit, cac ludng dich vu “admitted”, cac
ludng dich vu “active”. Cac ludng dich vu c6 thé 1a tinh (dwgc xdy dung trudc)
hodc dugc tao dong. Mo dun cap phép BS cho phép hay tir chdi mdi thay doi tham
s6 QoS. Chuén dinh nghia nhiéu khai niém lién quan dén QoS nhu: lap lich ludng

dich vu QoS, thiét 1ap dich vu dong, mé hinh hoat dong hai pha.

3.3.2.6) Cac co cdu yéu ciu va cip phat dai thong
3.3.2.6.1) Cac yéu cau

- CAc yéu cau dua vao co cau ma MS sir dung dé thong bao cho BS rang ching
can cap phat dai thong duong 18n. Mot yéu cau co thé duge xem nhu 1a mot header
yéu cau dai thong doc 1ap hodc 1a mot yéu ciu mang trén mot ban tin nao do
(piggyback). Ban tin yéu cau dai théng c6 thé dugc truyén trong bét cir vi tri dudng
I&n nao, ngoai trur trong khoang intial ranging.

- CAc yBu cau dai thong c6 thé 13 ting thém hodc gop lai. Khi BS nhin mot yéu
cau dai thong tang, nd s& thém luong dai thong duoc ydu ciu vao sy cam nhén hién
thoi cac nhu cau dai thong ciia nd cia két nbi. Khi BS nhan mot yéu cau dai thong
gop lai, né s& thay su cam nhéan cac nhu ciu dai thong ctia né cua két ndi bang
luong dai thong duge yéu cau.
3.3.2.6.2) C4c cap phat

- Bdi voi mot MS, cac yéu cau dai thong lién quan t6i cac két ndi riéng trong khi
mdi cap phat dai thong duoc giri toi CID co ban ciia MS, khong phai téi cac CID
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riéng. Boi vi khdng xac dinh trudc yéu cau sé dugc thuc hién ding, khi MS nhan
mot co hoi truyén ngan hon mong doi (quyét dinh trinh lap lich, mét ban tin yéu
cau, ...), khong co 1y do rd rang nao duoc dua ra. Trong tat ca cac truong hop, dua
vao thong tin nhan duoc sau cling tir BS va trang thai cia yéu cau, MS c6 thé quyét
dinh thuc hién yéu cau tr¢ lai hodc huy SDU. Mot MS c¢6 thé st dung cac thanh
phan thong tin yéu cau ma duoc quang b4, truc tiép & mot nhoém tham do multicast
ma no 1a mot thanh vién trong d6, hodc truc tiép & CID co ban cia no.

3.3.2.6.3) Tham do

- Tham do la qué trinh trong d6 BS chi dinh cho cac MS dai thong danh cho muc
dich tao cac yéu cau dai thong. Céc chi dinh ndy c6 thé téi cac MS riéng hoic nhoém
cadc MS. Tét ca cac chi dinh cho cac nhoém cac két ndi va hodc cac MS thuc té 1a
xac dinh cac thanh phan thong tin canh tranh yéu cau dai théng. Céc chi dinh thi
khong ¢ dang ban tin 16 rang, nhung ma duoc chira nhu 1a mét chudi cac thanh
phan thong tin trong UL-MAP. Thim do duoc thyc hién trén co s MS. Dai thong
ludn duoc yéu cau trén co sd CID va dai thong duoc chi dinh trén co s MS.
3.3.2.7) H6 trg PHY

Nhiéu cong nghé song cong dugc hd tro boi giao thie MAC. Chon lya cong nghé
song cong cd thé anh hudng t6i cac tham sé PHY nao do ciing nhu tac dong ti cac
dic tinh ma cd thé duoc hd tro.

- FDD : Cac kénh dudng 1én va duong xudng duoc dit & cac tan sb tach biét va
dir liéu duong xudng c6 thé dugc truyén theo trong cac burst. Mot khung chu ky ¢b
dinh duoc st dung cho céc truyén dan duong 1én va duong xudng. Diéu nay thuan
tién cho str dung céc loai diéu ché khac nhau. Va ciing cho phép dong thoi sir dung
ca cac MS song cong (truyén va nhan dong thoi) va tly chon cac MS ban song
cong (khong truyén va nhan dong thoi). Néu cac MS ban song cong duge sir dung,
trinh diéu khién dai thong s& khong chi dinh dai thong cho mot MS ban song cong
& cling thoi diém ma né duoc trong mong dé nhan dir liéu ¢ kénh dudng xudng, bao
gom han dinh cho phép tré truyén, khoang truyén dan truyén/nhan MS (SSTTG), va
khoang truyén dan nhan/truyén MS (SSRTG).

- TDD : Truyén dudng 1én va xubng xay ra & cac thoi diém khac nhau va thuong
chia s¢ cling tan sd. Mot khung TDD c6 khu ky ¢6 dinh va chira mot khung con
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duong xubéng va mot khung con dudng 1én. Khung duoc chia thanh mot s nguyén
cac khe thoi gian vat 1y, ma gidip cho phan chia dai thong dé dang.
3.3.2.8) Vao mang
- Pé giao tiép trén mang, mot MS can hoan tat qua trinh vao mang v6i BS mong

muén. Cac hé thong hd trg cac thu tuc thich hop cho tiép nhan va dang ky mot MS
Ma&i hode mot node mai téi mang. Thu tuc co thé dugc chia thanh cac giai doan
Sau:

1 Quét kénh duong xudng va thiét 1ap dong bo voi BS

2 Gianh cac s6 truyén (tir ban tin UCD)

3 Thuc hién ranging

4 Dan xép cac kha nang co ban

5 Cap phép MS va thuc hién trao doi khoa

6 Thuc hién dang ky

7 Thiét 1ap két ndi IP

8 Thiét 1ap thoi gian trong ngay

9 Truyén cac tham sb hoat dong

10 Thiét lap cac két ndi.
V2o lc hoan thanh qué trinh vao mang, MS tao ra mot hodc nhiéu ludng dich vu dé

guri dit lidu t6i BS.

3.3.3) Lop con bao mat

Toan b bao mat ciia 802.16 dya vao l6p con bao mat. Lép con bao mat 1a 16p con
gitta MAC CPS va I6p vat ly. Muc tiéu ciia n6 1a dé cung cép diéu khién truy nhéap
va su can mat cua lién két dir liéu, chiu trach nhiém mat héa va giai ma dir liéu ma
dua dén va di ra khoi 16p vat Iy PHY va ciing duoc sir dung cho cap phép va trao
d6i khoa bao mat, Ngin chin danh cap dich vu. Bao mat cua 802.16 gdm céc thanh
phan sau: cac lién két bao mat (SA), chirng nhan X.509, giao thirc cap phép quan 1y
khoa riéng tu (authorization PKM), quéan ly khoa va riéng tu (PKM) va méat hoa dir

liéu

3.4. Lop vatly
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Chuan dinh nghia cdc PHY khac nhau ma c6 thé duoc sir dung két hop véi 16p
MAC dé dem lai mot lién két end- to- end tin cay.
3.4.1) Pac ta WirelessMAN-SC PHY
- Pic ta nay duogc thiét ké nham muc dich cho hoat dong & dai tan 10-66GHz, voi
murc 6 mém déo cao dé cho phép cac nha cung cip dich vu co thé tdi wu cac trién
khai hé thong d6i v6i quy hoach cell, chi phi, kha ning vo tuyén, cac dich vu va
dung luong.
- Bé cho phép st dung phd mém déo, ca TDD va FDD duoc hd tro. Hai cong nghé
nay st dung mét dinh dang truyén din burst ma co ciu khung ctia nd hd tro burst
profiling thich ing, & d6 nhimg tham sb truyén, bao gom cac ké hoach diéu ché va
ma hoa, ¢ thé dugc diéu chinh riéng cho mdi tram thué bao trén co sé timg khung
mot. Didu ché QPSK, 16QAM, 64QAM.
- Cdu triic khung bao gdm mot khung con duong xudng va mot khung con dudng
lén. Kénh dudng xudng 12 TDM, véi thong tin cho mdi MS duoc ghép kénh trén
mot ludng dit liéu duy nhét va duge nhan boi tat ca cac MS trong cliing dai quat. Dé
hd tro cac MS ban song cong phan chia tan s6, duong xudng ciing duoc céu tao
chtra mot doan TDMA.
- Puong 18n dua vao sy két hop TDMA va DAMA. Cu thé, kénh dudng 1én duoc
phan thanh mot s6 khe thoi gian. SO cac khe thoi gian duge gan cho cac sir dung
khac nhau (ding ky, canh tranh, bao vé, hoic luu luong) duwoc didu khién boéi MAC
trong BS va c6 thé thay d6i dbi voi thoi gian dé chét lugng toi uu.
Mdi MS s& c¢b gang nhén tat ca cac phan cua dudng xubng trir nhitng burst ma burst
profile cua nd hodc khong duoc thuc hién boi MS hodc khong manh bang burst
profile dudng xudng hoat dong hién thoi cia MS. Cac MS béan song cong s& khong
¢ ging nghe cac phan tring khép dudng xudng véi truyén dan duong 1én duoc chi
dinh cho ching, néu c6 thé, duge diéu chinh béi sy som dinh thoi truyén cia
ching. Cac chu ky khung c6 thé 12 0,5 ms, 1 ms, 2ms.
3.4.2) Diac ta PHY WirelessMAN-SCa
WirelessMAN-SCa PHY duya vao c¢ong nghé diéu ché song mang don va dugc thiét
ké cho hoat dong NLOS ¢ cac dai tan dudi 11GHz. Cac thanh phan trong PHY nay
gom:
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- C4c dinh nghia TDD va FDD, mét trong hai phai dugc hd trg.

- Pudng 1én TDMA, duong xudng TDM hoidc TDMA.

- PBiéu ché thich tmg Block va m& hda FEC cho ca duong 1én va dudng xudng.

- C4c cau tric khung ma cho phép su can bang va chi tiéu danh gia kénh duogc cai
thién ddi véi NLOS va cac mdi truong trai rong tré duoc mo rong.

- FEC rang budc vao nhau str dung Reed-Solomon va diéu ché duoc ma hoa mat
ludi thue dung véi chen tuy chon.

- Céc tly chon FEC BTC va CTC bb sung.

- TUy chon khong FEC str dung ARQ cho diéu khién 15i.

- Ty chon phan tap truyén ma hoa thoi gian khong gian (STC).

- Céc ché do manh cho hoat dong CINR thép.

- CAc thiét 1ap tham s6 va cac ban tin MAC/PHY ma thuan tién cho cic bd sung
AAS tuy chon.

3.4.3) Pac ta PHY WirelessMAN-OFDM.

3.4.3.1) Pic diém

- WirelessMAN-OFDM PHY duya vao diéu ché OFDM va duoc thiét ké cho hoat
dong NLOS ¢ cac dai tan sd dudi 11GHz. WirelessMAN-OFDM, mot luge do
ghép kénh phan chia tan sb tryc giao (OFDM) véi 256 song mang. Da truy nhap
cua cac tram thué bao khac nhau dya vao da truy nhdp phéan chia thoi gian
(TDMA).

- Lép PHY OFDM hd trg cic hoat dong TDD va FDD, véi hd tro cho cac SS ca
FDD va H - FDD.

- M4 hoa sira 16i trude FEC: mot luge do mé xoan RS-CC toc do thay doi dugc két
hop, hd tro cac toc do ma hda 1/2, 2/3, 3/4 va 5/6. BTC tdc do thay d6i (tly
chon)va ma CTC ciing duoc hd tro tly chon.

- Chen (Interleaving).

- Piéu ché: Chuan hd tro cac muc diéu ché, gdom BPSK, QPSK, 16- QAM va 64-
QAM.

- HJ tro (t0y chon) phén tip phat & dudng xudng sir dung STC va cac hé thong
anten thich nghi (AAS) véi SDMA. Lugc d6 phén tap sir dung hai anten & BS dé

truyén mot tin hiéu duoc ma hoa STC.
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- Néu phan tap truyén duoc st dung, mot phan khung DL (dugc goi 1a mién) c6 thé
dugc dinh rd dé tré thanh mién phan tap truyén. Tat ca cac burst dir liéu trong mién
phan tap truyén st dung ma héa STC. Cudi clng, néu AAS dugc sir dung, mot
phan khung con DL ¢6 thé duoc chi dinh nhu 1a mién AAS. Trong phan ctia khung
con nay, AAS duoc sir dung dé giao tiép véi cac SS c¢6 kha niang AAS. AAS ciing
duoc hd trg trong UL.
- Truyén kénh con & duong 1én 1a mot tdy chon cho mot SS, va s& chi dugc sir dung
néu céc tin hidu BS ¢ kha ning giai ma cAc truyén dan nhu vay.
3.4.3.2) Symbol OFDM

O mién thoi gian, bién d6i Fourier ngugc tao ra dang song OFDM, chu ky thoi
gian nay dugc xem nhu thoi gian symbol hitu ich T, mot ban sao Ty sau cung cua
chu ky symbol hiru ich, dugc quy udc 12 CP (tién t6 chu ky), dugc st dung dé thu
thap da duong, trong khi duy tri sy tryc giao. Hinh 3.3 minh hoa céu tric nay.

T T

——
Ty Ty

= .
Hinh 3.3: Céu triic thoi gian symbol OFDM

O mién tan s, mot symbol OFDM bao gdm cic séng mang con, sd sdng mang con

xac dinh kich thude FFT duogc sir dung. C6 ba loai song mang con:

- S6ng mang con di liéu: cho truyén dir liéu.

- Song mang con pilot: cho c&c muc dich udc lugng khac nhau.

- S6ng mang con Null: khéng truyén dan, diing cho céc dai bao vé, cac song mang

con khéng hoat dong va song mang con DC.

Data Subearriars DC subearrier Pilot Subcarriers

AN & i
L

&, Guard Band Charmel Guard han

(g

Hinh 3.4: M0 td symbol OFDM mién tin so
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Muc dich cila cac dai bao vé 1a dé cho phép tin hiéu suy yéu va tao ra FFT dang
hinh “brick wall”. Cac song mang phu khong hoat dong chi trong truong hop
truyén kénh con boi mot SS.
3.4.3.3) Cau triic khung

- OFDM PHY h3 tro truyén dua theo khung. Mot khung chira khung con duong
xudng va duong lén. Khung con dudng xudng chi chira mét PHY PDU duong
xubng. Mot khung con dudng 1én chira cac khoang tranh chap duoc sip xép cho cac
muc dich “intial ranging”, yéu cau dai théng va mot hoic nhiéu PHY PDU, mdi
PHY PDU duoc truyén tir mot SS khac nhau.

- Mot PHY PDU dudng xudng bat dau véi mot “preamle”, duge sir dung cho
dong bo PHY. Sau “preamble” 13 mot burst FCH. Burst FCH 1a mot symbol OFDM
va duoc truyén sir dung BPSK tdc d6 1/2 véi so dd ma hda bat budc. FCH chira
DLFP (tién t6 khung dudong xudng) chi ra burst profile va chiéu dai ciia mot hoic
nhiéu burst duong xudng theo ngay sau FCH. Mot Ban tin DL-MAP, néu duoc
truyén trong khung hién thoi, s& 1a MAC PDU déu tién trong burst theo sau FCH.
M6t ban tin UL-MAP s& theo sau ngay hodc DL-MAP (néu né dugc truyén) hoic
DLFP. Néu cac ban tin UCD va DCD duoc truyén trong khung, ching s& theo ngay
sau cac ban tin DL-MAP va UL-MAP. Mic du burst s6 1 chira cdc ban tin diéu
khién MAC quang ba, n6 khdng can st dung diéu ché/méa hoa dugc xem 1a manh
nhat. Piéu ché/m4 hoa hiéu qua hon c6 thé duoc st dung néu ndé duoc hd tro va cd

thé dung dugc t6i tat ca cac MS ciia mot BS.
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Hinh 3.5: Cdu triic khung OFDM véi TDD

- Theo sau FCH la mot hodc nhiéu burst dudng xudng, mdi burst duoc truyén véi
burst profile khdc nhau. M&i burst duong xudng chira mot sé nguyén symbol
OFDM. Vi tri va profile cta burst duong xudng dau tién dugc chi ra trong DLFP.
Vi tri va profile caa s6 burst tiép theo c6 thé 16n nhat ciing s& duogc chi ra trong
DLFP. Vi tri va profile cua cac burst khac dugc chi trong DL-MAP.

- Khung con dudng DL c6 thé tly chon chira mién STC noi ma tit ca cac burst
DL dugc ma hda STC.

- V61 PHY OFDM, mot burst PHY, hoac mét burst PHY duong xuéng hoac mot
burst PHY dudng 1én, chira mot sé nguyén symbol OFDM, mang céc ban tin MAC,
nhu cac MAC PDU.

- Trong mdi khung TDD, TTG va RTG s& duoc chén giita khung con dudng
xubng va duong 1&n va ¢ cudi mdi khung, tach biét ra cho phép BS chuyén hudng.

- Trong hé thong FDD, ciu triic khung UL va DL tuong tu, ngoai trir UL va DL
dugc truyén trén cac kénh riéng ré. Khi cac SS 1a H-FDD, BS phai dam bao rang
khong lap lich dé truyén va nhan clng thoi diém.

3.4.4) Pac ta PHY WirelessMAN- OFDMA
3.4.4.1) Pic diém
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- Lép PHY OFDMA WirelessMAN ciing dugc thiét ké dua trén diéu ché OFDM.
WirelessMAN-OFDMA, luge ¢ OFDM 2048 séng mang OFDM. Pa truy nhap
duoc thuc hién béng cach gan mot tdp con cac song mang cho mot may thu cé
nhan, va vi vay n6 dugc xem nhu 1a OFDMA. N6 hd trg kénh con & UL va DL.
Chuén h trg 5 luge dd kénh con khéac nhau.

- L6p PHY OFDMA hé trg hai hoat dong TDD va FDD.

CC (mé& xo4n) 14 lugc dd ma hda duoc yéu cu va céc toc o6 ma hoa gidng nhau
dugce hd trg nhu duoc hd tro boi 16p PHY OFDM. Cac luoc ¢6 ma héa BTC va
CTC dugc hd tro tly chon. Cac mirc diéu ché gidng nhau ciing dugc hd tro. STC va
AAS véi SDMA duogc hd tro, ciing nhu MIMO.
3.4.4.2) Symbol OFDMA

- O mién thoi gian, bién doi Fourier ngugc tao ra dang song OFDMA, chu ky thoi
gian nay dugc xem nhu thoi gian symbol hitu ich T,. M6t ban sao Ty sau cung cuia
chu ky symbol hitu ich, dugc quy ude 1a CP, dugc sir dung dé thu thap da duong,

trong khi duy tri su truc giao. Hinh 3.6 minh hoa ciu triic nay.

’*'“'______'_“-—-..\
—l— e —nif W
T Ty
=} TS Lo

Hinh 3.6: Cdu triic thoi gian symbol OFDMA
- O mién tan sd, mot symbol OFDMA bao gdm cic séng mang con, sd song
mang xac dinh kich thude FFT st dung.

Subchannel 1 Subchamel 2 DC subcarrier Subchannel 3

Y

LY iy

- E -
‘.,C.u:mi Band Channel Guard hand,’ :

Hinh 3.7: M0 td tan s6 OFDMA (vi du véi lwgc dé 3 kénh con)

- Trong ché 46 OFDMA, céac séng mang con hoat dong duogc chia thanh céc tap
s6ng mang con, mdi tap dugc xem nhu mot kénh con. O dudng xudng, mot kénh

con c6 thé duge danh cho (nhdm) cac may thu khac nhau; ¢ dudng 18n, mot may
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phat c6 thé duoc gan cho mot hodc hon cac kénh con, nhidu may phéat c¢d thé truyén
dong thoi. Cac sdng mang con tao ra mot kénh con cd thé, nhung khong can thiét
phai ké nhau. Symbol dugc chia thanh céc kénh con logic dé hd trg kha nang mo
rong, da truy nhap, va cac kha nang xir Iy ma trén ang ten tién tién.

3.4.4.3) Cau trac khung

- Trong hé théng TDD, mdi khung & truyén dan duong xudng bat dau véi mot
preamble va theo sau boi mot doan truyén dan DL va mot doan truyén dan UL. O
mdi khung, TTG va RTG s& duoc chén gira dudng 1én va dudng xudng & cudi mdi
khung cho phép BS chuyén hudng.

- Trong céc hé théng TDD va H-FDD, céc han dinh cho phép tram thué bao phai
dugc thyc hién boi moét SSRTG va boi mot SSTTG. BS sé khong truyén thong tin
duong xudng toi mot tram mudn hon (SSRTG+RTD) trude dinh vi dudng 1én dugc
lap lich coa nd, va s& khong truyén thong tin dudong xudng t6i né sém hon
(SSTTG+RTD) sau tan cling cta dinh vi duong 1én dugc 1ap lich, & d6 RTD biéu
thi tré toan phan. Cac tham s6 SSRTG va SSTTG c6 kha ning duoc cung cip boi
MS téi BS dya vao yéu cau trong thoi gian vao mang.

OFDMA symbal number
FH] LEED (K55 1T 100 (EFLLORHIALERLS) [EH17 1 ER01AE20 \1926) |LAL30LEEDL

FCH FCH
UL burst #]

1
o
33

o

z

*
[

frrerrrerrpnpnnpnnpnEnlenntd

DL burst #3
| I

UL burst #2

UL-MAP

DL burst #1
d |

DL burst #4 UL burst #3

Preamble
DL-MAP

Preamlsle
DL-MAP

allschannel logical mimlbser

DL burst 52 DL buest 5 UL burst #4

UL burst #5
Rangmng subchanne]

-

e

il
DL werg™ UL wore

Hinh 3.8: Phan bé theoi gian-khung TDD (chi véi mién bt buéc).

-t
4

- Hai kénh con duoc truyén dau tién trong symbol dir liéu dau tién caa duong
xuéng dugc goi 1a FCH. FCH s& duoc truyén st dung QPSK toc do 1/2 véi 4 1an

lap sir dung so d6 ma hda bat budc (thong tin FCH s& duoc gui trén 4 kénh con lién

GVHD: Nguy&n Thi Bio Thu SVTH : Tran Coéng Chinh - DHDT3



47

k&) trong mot viing PUSC. FCH chi rd chiéu dai caa ban tin DL-MAP m& hoa dugc
st dung cho ban tin DL-MAP.

- Nhitng chuyén tiép gilta diéu ché va ma hoa xay ra trén céc bién symbol
OFDMA & mién thoi gian va trén cac kénh con trong mot symbol OFDMA trong
mién tan sb.

3.4.5. Lép con hdi tu truyén din TC

Giita PHY va MAC 1a mt 16p con hoi tu truyén dan TC. Lép nay thyc hién sy bién
d6i cac MAC PDU do dai c6 thé thay ddi vao trong cac khdi FEC do dai ¢b dinh
(cong thém c6 thé 1a mot khodi duge rat ngan vao doan cudi) cia mdi cum. Lép TC
c6 mot PDU c¢6 kich thude khép voi khéi FEC hién thoi bi ddy. N6 bat dau véi 1
con tro chi ra vi tri dau muc MAC PDU tiép theo bat dau bén trong khbi FEC. Xem
hinh 3.9.

A

Pream Khéi PDU khoi Khéi PDU dau Khéi PDU thir 2
dau trong TC tién khoi dau khoi dau trong
ngay trudc trong TC hién tai TC hién tai

PDU cua 16p con TC

v

P=contro1 t?yte
Hinh 3.9: Dinh dang TC PDU

Khuon dang PDU TC cho phép dong bo hoa MAC PDU tiép sau trong trudng hop

khéi FEC truéc d6 c6 nhirng 16i khong thé phuc hoéi duoc. Khong c6 16p TC, mot

SS hay BS nhan s& mét toan bd phan con lai cia mot cum khi c6 mot 16i khong thé

Stra chira xuat hién.

3.5) Két luan chwong

Noi dung cua chuong d4 cho thay cac yéu cau k¥ thuat déi voi WiMAX  trong 16p
vat 1y, 16p lién két dir liéu cia moé hinh OSI, diéu nay giup ta cang hiéu 16 hon vé
cdng nghé¢ WiMAX tuir @6 gép thuan 1oi hon trong viéc img dung Wimax vao thuc

14
A

té.
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CHUONG 4: ANH HUONG CUA NHIEU TRONG WIMAX
VA CAC BIEN PHAP KHAC PHUC

4.1) Gi6i thiéu chwong

Trong chuong nay, em sé& trinh bay nhimg tré ngai 16n dugc thé hién trong kénh
khong day bang rong thay doi theo thoi gian. Xac dinh cac anh hudng co ban cia
nhiéu trong cac kénh bang rong khong day. Tur d6, tim ra nhitng bién phap d6i pho

nham duy tri viéc truyén thong tt trong méi trudng khac nghiét.

4.2) So' @6 khoi ciia h¢ thong thong tin vé tuyén
- Tat ca cac hé thong truyén thong sb vo tuyén déu c6 mot khdi kién trac nhat

dinh, nhu dugc thé hién trong hinh 4.1 sau:

Bits «—— f +— Decoder [#+—Demodulator Digital 1 Module

Digital : V\\
igita .
g | Analog ~
| #
. Digital | Digital/ RF -
Bits ruode Modulator " Analog [ | Module
[ [ Wireless
: \Channei
. /
|
|
| Analog/ RF
|
|

So dé 4.1: Hé théng théng tin sé vo tuyén

- Bat ky mot mang khong day dugc tuong thich mét cach hop 1y, thi toan b hé
thong déu dugc phan chia thanh ba thanh phan sau day: may phat, kénh va may thu.
- May phéat nhan céc goéi bit tir 16p giao thirc cao hon va guri cac bit nay ¢ dang song
truong dién tir dén may thu. Cac budc thyuc hién trong mién s6 12 ma hda va diéu
ché. Nhin chung, muc dich chinh cua viéc ma hoa lam ting thém d6 du thira dé
giam 15i khi truyén va cho phép sira 18i tai may thu. Cac tin hi¢u diéu ché s6 duoc

chuyén d6i thanh dang séng twong tu béi bo DAC va sau d6 chuyén dbi 18n tan sé
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cao. Tin hiéu cao tan nay s& dugc tan xa v6i dang song truong dién tir boi cac ang-
ten phu hop.

- May thu hoat dong nguoc lai véi hoat dong ctia may phat. Sau khi chuyén xuéng
tan s thap va loc dé loai bo nhitng tan s6 khong mong mudn. Tin hiéu bang tan co
s6 s& duoc chuyén thanh tin hiéu s6 boi bd ADC, tin hidu nay duoc giai diéu ché va
giai mA dé khoi phuc lai tin hiéu d6 thanh chudi bit gc.

- Kénh truyén thong bidu dién moi truong vat 1y giita may phat va may thu va day
1a noi ¢6 anh huong 16n dén chat luong truyén tin hiéu s& duoc dé cap ¢ chuong
sau.

- Sau day 1a nhitng mé ta vé anh huong c6 quy mé 16n trong kénh vo tuyén bang
rong, do 1a hién tuong suy hao, tao bong, nhiéu déng kénh(CCl),multipath va hién

tugng Doppler trong hé thdng thong tin di dong.

4.3) Anh hwéng ciia nhiéu trong hé thong vé tuyén
4.3.1) Suy hao(pathloss)

- Sy khac nhau rd rét giita kénh vo tuyén va hitu tuyén 1a lugng cong suat truyén
dat dén may thu. Gia sir rang ang-ten dang huéng duoc s dung, nhu thé hién &
hinh 4.2, nang lugng cua tin higu truyén mé rong trén mit cc hinh cau song song,
Vi vay nang lugng nhéan dugc tai ang ten thu cé khoang cach d ty 1¢ nghich véi dién
tich bé mit cau, (4zd”). Suy hao dugc tinh theo cong thic lan truyén khong gian tu
do:

GG,
I:)r = Pt (471_(; )2 (41)

trong d6 P, va Py lan lugt cong suat thu va phat va 4 1a chiéu dai ciia budc song.
Néu ang-ten huéng tinh dugce ding tai may phat va may thu, thi s& c6 do loi 1a G,
va G, va cong suat nhan ting dugc hay khong 1a nho vao do loi clia ang-ten. Mot
mat quan trong khac cia cong thirc(4.1) 13 tir c=f..1 nén A=c/f, , cOng Suat nhan
dugc s& giam binh phuong 1an theo tan s6 song mang. Hay ndi mot cach khac, véi
cong suat phat da cho, thi s& c6 khoang suy giam khi tin sb ting 1én. Diéu nay co

anh huong quan trong dén cic hé thong c6 téc do dir lidu cao.
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- Pé tinh toan chinh x4c, nguoi ta thuong ding cong thire kinh nghiém sau day dé

tinh toan cho suy hao cua kénh kinh nghi¢m:

P = PIPO(%j (4.2)

- Trong cong thire (4.2) c¢6 thém ba thanh phan 1a Py , do va a. Py 1a cong sut suy
hao do dugc trén khoang cach tham chiéu 1a do va thudng duoc chon 1a 1m. Trén
thuc té, P thuong duoc 1ay xap si 1a mot vai dB. « 13 s6 mii suy hao va dai luong

nay dugc cho trong bang.

Hinh 4.2: M6 hinh truyén séng trong khéng gian tw do
- Pé khic phuc dugc nhidu do sy suy hao duong truyén nay thi can chi y nhiing
diéu sau:
+ Chiéu cao cta dng-ten phai dugc tinh dén 1a c6 chiéu cao phu hop.
+ Tan s6 song mang sir dung.

+ Khoang cach gilra hai ang-ten phat va thu.

4.3.2) Che chan(shadowing)
- Nhu ta ¢4 biét, sy suy hao anh huong dén cong suat tai may thu cé lién quan dén
khoang cach gitra may phat va may thu. Tuy nhién, con nhiéu nhan t6 khac c6 thé

c6 anh hudng 16n dén tong cong suat thu duoc. Vi du, cdy cbi va nha cira co thé

GVHD: Nguy&n Thi Bio Thu SVTH : Tran Coéng Chinh - DHDT3



o1

dugc dat tai vi tri & gitta may phat va may thu, nhitng vat can nay sinh ra dudng
truyén tam thoi va gay ra su suy giam tam thoi cuong do tin hiéu thu. Hay néi mot
cach khac, duong truyén thang tam thoi ndy s& 1am cho cong suat thu bat thuong,

va duogc goi 14 hién tuong che chan(shadowing), nhu duge trinh bay ¢ hinh 4.3 sau

e W e At - __,,__,,_‘
K vt ._._,.__/ ’ 5. T
e \_I.q,a...,..a.. _.d Al )

s

= |
o

day:

'd

T []

Hinh 4.3: Hién twong che chin trén dwong truyén tin hiéu
Xét trong ving ¢6 pham vi nho thi hién tuong suy hao duong truyén va che chan 1a
khong dang ké va c6 gia tri cho phép ma khdng lam anh huong dén chét luong tin

hi¢u thu tai may thu.

4.3.3) Nhiéu dong kénh CCI

Pay 1a mot loai can nhidu xy ra khi hai tin hiéu phat di & ciing mot tan s dén cling
mot bo thu. Trong thong tin té bao thi can nhidu thuong dugce giy ra boi mot cell
khéac hoat dong & cling tan s6 (hinh 4.4)

Hinh 4.4: Giao thoa xuyén kénh
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- Bé hinh dung, ching ta lay vi du ném hon da xuéng nuéc. Viéc ta ném nhiéu hon
da xudng nudc trong duong nhu nhiéu cude goi khac nhau cling bat dau. Vay tram
gdc ¢ vi tri ndo d6 trong hd 1am sao phan biét duoc tin hiéu ctia ngudn nao va tir
huéng nao dén. Pay chinh 13 van dé cta giao thoa xuyén kénh hay con goi 1a nhidu
dong kénh.

- Nhu chiing ta d4 biét, cac hé thong angten tp trung déu tin hiéu trong mot viing
khong gian rong 16n. Cac tin hiéu ¢ thé khong dén dugc voi nguoi sir dung ma ta
mong muén, nhung chiing ¢ thé trd thanh can nhidu cho nhimg ngudi sir dung

khac c6 ciing mot tan sé trong cling mot té bao hay nhirng té bao ké can.

4.3.4) Hién twong da dwong(multipath)

- Multipath 13 hién turgng khi ma tin hiéu radio duoc phat di bi phan xa trén cac bé
mat vat thé tao ra nhiéu dudng tin hiéu giita tram gdc va thiét bi dau cudi sir dung.
Két qua 1a tin hiéu dén cac thiét bi dau cudi st dung 12 tong hop ctia tin hiéu gbc va
c4c tin hiéu phan xa.(hinh 4.5) Chling c6 thé yéu di hay manh 1én. Day chinh 12 van

dé ctia nhiéu da duong

Base
Station

Hinh 4.5: Hién twong

CAac Vvin dé cé lien quan dén nhiéu da dwong:

- M6t trong nhiing hé qua cila hién twong multipath ma chiing ta khdng mong muén
la cac tin hiéu song toi tir nhitng hudng khac nhau khi ti bo thu s& ¢6 sy tré pha va
vi vy khi b thu tong hop cac song t6i nay s& khong co su phdi hop vé pha(hinh
4.6)
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Desired Signal

E

AT

WAVZAN

Reflected Signal

Hinh 4.6: Hai tin hiéu multipath
- Piéu nay s& anh huong dén bién do tin hiéu, bién do tin hiéu s& tang khi cac tin

hiéu song tdi cung pha va s€ giam khi cac tin hiéu nay ngugc pha. Truong hop dac
biét néu hai tin hiéu ngugc pha 180° thi tin hiéu s& bi triét tiéu(hinh 4.7)

Desired Signal

AYYYYY o,
NAAAANA

A

Reflected Signal

Hinh 4.7: Hai tin hi¢u multipath ngwec pha nhau 180°

Hién twgng pha dinh: Khi song cuia cac tin hi¢u da duong nguoc pha, cuong do
tin hiéu s& bi giam. Hién twong nay vin dugc biét dén 1a “Rayleigh pha dinh” hay
con goi 1a “pha dinh nhanh”. Sy suy giam thay d6i lién tuc hinh thanh nhimng khe
nhu hinh chit V. Cudng do tin hiéu bi thay d6i that thudng va rat nhanh chong gay
ra sy suy giam vé chat luong.(hinh 4.8)
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Chz trinh Chm trinh
khong giam kching gizm
leen dfc- . - - -
tin hién
— Newdmg
\ = - |
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1 4
I |
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= o
Thdn gian

Hinh 4.8: Hién tuwong pha
Mot hé qua nira cua hién twong multipath la “trai tré” tirc 1a khi bi phan xa thanh
nhiéu tin hiéu khac nhau thi c4c tin hiéu s& dén bo thu & nhimg thoi diém khac nhau
gay ra hién tugng giao thoa lién ky ty(intersymbol interference). Khi xay ra hién

tugng nay thi tdc do bit s& tang 1én 1am giam dang ké chat luong cia hé thong.

4.3.5) Hién twgng Doppler

Hién tuong Doppler ciing 1a mot hién tuong nhiéu khéc cling kha pho bién trong
cac hé thong thong tin di dong. Hién tuong Doppler dugc xac dinh khi mot ngudn
song va may thu dang di chuyén lién quan dén v6i nhau. Khi may thu di chuyén vé
phia trude (clng chiéu véi may phat ra ngudn song), tan sb cia tin hiéu thu s& cao
hon tin hiéu ngudn. Hinh 4.9 12 mot vi du vé sy thay doi vé cudng do cia thiét bi

am thanh cua xe 6t6 khino di chuyén ciing chiéu va ngugc chiéu voi hai observer
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Hinh 4.9: Hién twong Doppler

4.4) Céac bién phap nhim giam inh hwéng cia nhiéu dwgc sir dung trong
WiIMAX

4.4.1) Téi sir dung tin s6 phan doan

- Pay 1a mot phuong phap nham nang cao chat lwong két ndi ciia cac thué bao do
anh huong cia can nhiéu cting kénh(CCI)

- Trong WiMAX di dong hd tro tai st dung tan sb bang 1, nghia 1a tat ca cac té
bao /sector hoat dong trén cing mot kénh tan s6 nham t6i da hoa hiéu qua st dung
phd. Tuy nhién, do can nhidu ciing kénh(CCI) rat manh trong trién khai tai st dung
tan sd bang 1, cho nén cac thué bao tai ria té bao giam cép chat luong két nbi. Voi
WiMAX di dong, cac thué bao hoat dong trén cac kénh con, chi chiém mot doan
nho cia toan bd bang théng kénh; van dé can nhiéu bién té bao co thé duoc khic
phuc d& dang bang viéc tao cau hinh sir dung k&nh con mét cach hop 1y ma khdng
can vién dén quy hoach tan so truyén thong.

- Trong WiMAX di dong, viéc tai st dung kénh con linh hoat duoc tao diéu kién
dé dang nho su phan doan kénh con va ving hoan vi. Mot doan 1a mot phan nho
cac kénh con OFDMA kha dung (mot doan c6 thé bao gdm tat ca cac kénh con).

Mot doan dugc str dung cho trién khai mot trudng hop MAC duy nhét.
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- Vung hoén vi 12 mot sé cac ky tu OFDMA lién ké nhau trong DL hoic UL sir
dung cing mot phép hoan vi. Khung con ctia DL hodc UL c6 thé chira nhiéu hon
mot vung hoén vi

- M6 hinh téi str dung kénh con c6 thé duoc cau hinh sao cho cac thué bao gan sat
tram gbc hoat dong trong viing c6 tat ca cac kénh con kha dung. Trong khi d6, ddi
Vi cac thué bao ria, mdi té bao hoic sector hoat dong trong viing chi c6 mot phan
nho cila tat ca cac kénh con 1a kha dung. Trong hinh 4.10, F1, F2 va F3 biéu thi cac
tap hop kénh con khac nhau trong ciing mot kénh tan s. Vi cau hinh nay, tai sir
dung tan sd bang mot “1” cua todn tai dugc duy tri cho cac thué bao trung tam dé
tang t6i da hiéu qua phd, va tai sir dung tan s6 phan doan duoc cai dit cho cac thué
bao ria nham dam bao chét luong két ndi va thong lugng cua thué bao ria. Quy
hoach tai sir dung kénh con c6 thé duoc téi wu héa mot cach ning dong qua cic
sector hoic cac té bao dua trén tai ciia mang va cac diéu kién can nhiéu trén co so
timg khung mét. Do vdy, tat ca cac té bao hoic cac sector déu co thé hoat dong trén

cling mot kénh tan s6 ma khong can gi dén quy hoach tan sb.

Fi1+F2+F3

Hinh 4.10: M6 hinh tai si# dung tin sé phin doan

4.4.2) Cac bién phap giam pha dinh

- Pic tinh pha-dinh 1a sy khac nhau quan trong nhét giita viéc thiét ké hé thong
thdng tin vo tuyén va hitu tuyén. Do pha-dinh Iya chon tan s 1a ndi bat nhat trong
cac kénh bang rong- va do do rong bang ciia kénh bang rong 13 16n hon rat nhiéu do
rong bang phll hop Bc —nén chung ta dé cap dén cac kénh vai su phan tan thoi gian
hay lua chon tan sb trong pha-dinh biang rong va dén cac kénh chi vai su phan tan
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vé tan sO hay lya chon thoi gian trong pha-dinh bang hep. Bay gid, ching ta xem
Xét va chi ra su khac nhau giita pha-dinh bang rong va pha-dinh bang hep dé tir d6

c4c bién phap khic phuc.

4.4.2.1) Pha dinh bing hep(pha dinh phing)

- Anh huéng cua pha dinh nay 1a ddng ké khi khoang céch truyén tang, lic nay
cuong do tin hidu thu s& bi giam dang ké vi suy hao thay doi dang ké. Tinh di
chuyén cua céc thué bao trén khoang cach 16n(>>1) va sy thay d6i dic diém dia
hinh, s& anh huéng dén suy hao va cong suét thu thay d6i cham.

- C6 rat nhiéu cac k¥ thuat khac nhau dugc sir dung dé khic phuc pha-dinh bang
hep, nhung cach phd bién nhat va thuong duge dung nhat 1a phan tap.Trong thong
tin vd tuyén téc do cao, chi c6 su phan tdp mdi khic phuc dugc hién twong pha-
dinh nay .

Cac logi phdn tip thwong dung la:
+ Phan tap thoi gian

- Hai phuong phép quan trong ctia phan tap thoi gian 1a ma hoa/dan xen va diéu
ché thich nghi (AMC). K§¥ thuat m4 hda va dan xen dua vao mot cach linh hoat dé
tang d6 du thira trong tin hidu dugc truyén di; diéu nay lam cho toc d6 caa tin higu
giam va vi vay ma giam duoc 16i bit.

- Cac may phat cing voi viée diéu ché thich nghi s& c6 thong tin vé kénh truyén.
Va vi vay, chung sé& chon k¥ thuat diéu ché ma dat dugc téc do dit liéu cao nhat co

thé dugc trong khi van giit dwoc BER & mirc yéu cau.

R <02e /M (4.3)

- Trong phurong trinh (4.3), v6i M tang, BER ciing ting. Vi téc do dir licu ty 1& voi
log,M, chiing ta mudn chon kich thuéc mau tuy 16n nhat dé ma dat duoc BER theo
yéu cau. Néu kénh c6 sy suy giam manh thi s& khong c6 ky hiéu nao duogc giri di dé
tranh tao 18i. Pidu ché thich nghi va ma hoa la mot phan tich hop trong chuan
WiMAX. Va duoc dé cap ky hon trong phan sau.

+ Phan tap khong gian
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- Phan tap theo khong gian 12 mot dang phén tap khac ciing kha pho bién va c6 hiéu
qua, thuong duoc thyc hién bang cach str dung hai hay nhiéu hon cac dng-ten tai ca
may phéat va may thu hay chi c6 & may phat hodc may thu. Phan tap nay con duogc
biét dén véi tén goi 1a hé thng MIMO. Dang don gian nhét ciia phan tap theo
khong gian bao gom hai dng-ten thu, d6 13 noi ma hai tin hiéu manh nhat duogc
chon. Néu cac dng-ten duoc dat cach nhau mot cach phl hop, thi hai tin hiéu nhan
dugc s& chiu anh huéng mot cach xap xi hién twong pha-dinh khéng twong quan
v6i nhau. Kiéu phén tap nay dugc goi mot cach hop 1y 1a phan tap Iya chon va duoc

minh hoa trong hinh 4.11 nhu sau:

Fading Envelope (dB)

Signal 1

w | == === Signal 2

— W a3 (1, 2]

s] 02 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8
Time (sec)

Hinh 4.11: Phan tdp lwa chon hai nhdnh don loai di hdu hét sw suy gidm manh

- K¥ thuat don gian nay d& loai bo hoan toan mot ntra tin hiéu nhan dugc nhung
hau hét sy suy giam manh di dugc tranh va SNR trung binh ciing duoc ting 1én.
Céc dang phtrc tap hon cila phan tap khong gian bao gdm cic mang ang-ten(hai hay
nhiéu hon hai ang-ten) véi ty sb két nbi 16n nhat, phan tap phat st dung ma hoa
khong gian- thoi gian, va két ndi sy phan tap giita dau phat va dau thu. Céc k¥ thuat
bo hiéu khong gian duoc mong doi dé quyét dinh viéc dat duoc hiéu suat phd cao
trong WiMAX.

+ Phan tap theo tin sb
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- Phuong phép nay dugc sir dung dé khic phuc hién tugng pha dinh bang rong va

s& duoc dé cap k¥ hon ¢ phan sau.

4.4.2.2) Pha-dinh biing rong(pha dinh lya chon tin sb)

- Nhu d4 biét, pha-dinh lya chon tin sé gdy ra sy phéan tan trong mién thoi gian,
diéu nay lam cho cé&c ky hiéu lan can giao thoa véi nhau trir khi 7>>75, . DO tdc
d6 dir liéu ty 1& v6i 1/T , hé thong c6 toe do dit lidu cao hau nhu lic nao ciing c¢6 lan
truyén tré da duong dang ké, khi T<<tpa, va két qua 1a bi nhidu lién ky hiéu
nghiém trong. Viéc lya chon k§y thuat dé chong lai nhidu ISI mét cach c6 hiéu qua
la mot quyét dinh quan trong trong viéc thiét ké bat ky hé thdng téc do cao. Rat

nhanh chéng 12 OFDM 4 sy lwa chon phd bién nhat cho viéc chong lai ISL

4.4.2 3. B) can biing

- B9 can bang Equalizer dugc dung dé loai bo nhidu lién ky hiéu (Intersymbol
Interference_ISI) va cac nhiéu nhiét (noise) duoc thém vao. Nhiéu ISI sinh ra do sy
trai tré clia cac xung phat dudi tac dong phan tan ty nhién cua kénh truyén. Diéu
nay dan dén sy chong l4n cia cac xung ké can nhau gy ra nhiéu lién ky ty. Chang
han nhu trong moi trudng tan xa da dudng, mot ky hiéu c6 thé dugc truyén theo cac

duong khac nhau, dén may thu ¢ cac thoi diém khéc nhau, do d6 c6 thé giao thoa

Tin hiu phat x(t) Tin hidu thu )

V61 cac ky tu khac.

X — |

Hinh 4.12: So’ dé khéi ciia mé hinh kénh

Trén hinh 4.12, ta thay tin hiéu x(t) duoc diéu ché bén muc (Pulse Amplitude
Modulated_PAM), tin hi¢u x(t) duoc phat qua kénh co dap ung xung h(t). Nhiéu
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nhiét noise n(t) dugc thém vao. Ta thiy tin hiéu thu duoc 13 r(t) ¢4 bi méo dang so
Véi tin hiéu phat x(t).

- Pé khic phuc nhiu ISI va cai thién chat luong cua hé théng, co nhiéu phuong
phap khac nhau nhung phuong phap dugce dé cap nhiéu nhat 12 str dung bo can bang

Equalizer dugc sir dung dé bl lai cac dic tinh tan xa thoi gian caa kénh truyén.

Yeq (t
il Channel H(f) p—————pp{ Equalizer 1/H(f) >

Hinh 4.13. Kénh truyén va bé cin bing
4.4.2.4) Ma hoa va diéu ché thich nghi
- M4 hoa va diéu ché thich nghi 1a mot phuong phap duoc st dung trong phan tap
theo thoi gian . Trong hé thong WiMAX, viéc sir dung ma hoa va diéu ché thich
nghi véi muc dich 1a thich nghi vé6i sy dao dong caa kénh truyén do anh huéng cia
nhiu. Vi dic tinh ndy s& cho phép hé théng co thé khic phuc duoc nhitng anh

huong cua pha dinh lya chon thoi gian.

Base Station
Sub #3
e b E
OF o). 0 {‘MJM Sub#| me -.Sub#N

Hinh 4.14: Méi quan hé giita ving phii séng
va phwong phdp diéu ché dwoc siv dung
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Y tuéng co ban nay hoan toan don gian va duogc trinh bay nhu sau:

+ Viéc truyén dir lidu téc do cao c6 thé dat dugc khi kénh truyén tbt, toc do
truyén s& thip hon néu kénh truyén khong tbt, véi muc dich 1a tranh gay ra I8i. Toc
do dir liéu thap c6 thé dat duoc bang cach str dung chom diém nho, nhu 1a QPSK,
va cac méa cd toc do sitra 16i thap, nhu 13 ma chap va ma tourbo Y. Téc do dir liéu
cao hon c6 thé dat dugc v6i chom diém 16n, nhu 13 64QAM, va ma hoa sta 16i
chéng nhiéu, vi du, ma chap hay ma turbo c6 téc do ¥ hay ma LDPC.

+ So d6 khdi thé hién nguyén ly hoat dong ciia hé thong ma hoa diéu ché thich
nghi AMC dugc cho bdi hinh 4.15 sau day:

Transmittar

Recaivar
- Bits Bits
1l | Ecc Symbol | | Power Channel Out
*| Encoder [ | Mapper [*| Control | SINR=y Remed oy Decoiel g

— Select Selact
Quaue Code Const Pyl
Adaptive Modulation and Coding | Channal
Controller | Faadback Chamngl: Estimation
PER, y

So do 4.15: So do khéi ma hoa va diéu ché thich nghi

- Bé don gian, dau tién ching ta xem mot hé théng nguoi dung truyén nhanh tin
hiéu thong qua kénh v&i SINR ludn thay d6i; vi du, kénh truyén phu thudc vao pha-
dinh. Muc dich ctia may phat 1a truyén dit liéu tir hang bit nhanh dén mirc c6 thé, va
duogc giai didu ché va giai ma mot cach chinh xac tai may thu. Hbi tiép (feedback)
s& quyét dinh ma hoa va diéu ché nao dugc s dung dé phl hop véi diéu kién cia
kénh truyén thong qua tham s6 SINR. M4y phat can biét gia tri SINR cta kénh (),
gid tri ndy duoc xac dinh khi SINR nhéan duoc y, chia cho cong suat phat Py, 1a mot
ham cia y . Do d6, SINR nhan dugcla y, =P, -y
Hinh 4.16 minh hoa viéc st dung sdu cach ma hoa va diéu ché trong sb cac dinh
dang chung cia WiMAX. N6 c6 thé dat duoc cac muc hiéu suat phd khac nhau tly
thugc vao phuong phap ma hda va diéu ché s dung. Didu nay cho phép dung

lugng tang 1én khi SINR tang Ién theo cong thirc Shannon C = log, (1+ SNR). Trong
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truong hop ndy, toc do dir liéu thap nhat 1a QPSK va ma turbo téc d %; téc do dir

liéu cao

nhét trong dinh dang cia WiMAX 1a 64QAM va ma turbo tc d6 %. Thong lugng

dat duoc, dugc chuan hoa bai 6 rong dd duoc xac dinh

4.5 [
/ B84 QAM
4 A a4 |
~
a5t i E
_ Shannon Limit 7
P~ =~ 4
= 3 Y e 54 QAN N
2 - rd EEYE
s ol /18 cam ]
2 [ Raa
=3
=
[=]
E 2l s |
= R
T 16 CAM
= / Lk 1
QPSK
= [ A 34 -
/OPSK
ost- /A2 E
e
o ; : . .
0 2 4 5 10 12 14 16 18 20
SIMNR (dB)

Hinh 4.16: Thong lwgng ciia cic phwong phdp diéu ché va téc dp ma hoa khac
T =(@1-BLER)rlog,(M)bps/Hz (4.4)

Trong do:

BLER laty 1¢ block 1i.

r <1 1atéc do mé hoa.

M s6 diém trong mot chom diém.
Vi du: 64QAM voi toec d6 ma hoa la ¥ dat duoc thong luong ti da 14 4.5bps/Hz,
khi BLER —0; QPSK voi tbc d6 ma hoa 1a ¥% s& dat duoc thong luong trong
truong hop tot nhét 1a 1bps/Hz.

Két qua duoc thé hién ¢ day 1a cho truong hop 1y tuong cia kién thirc kénh t6i uu
va khong truyén ngugc lai nhu ARQ. Trong thyc té, viéc hoi tiép s& bi tré va co thé
con bi giam do viéc du doan kénh khdng chinh xac hay 13i trong kénh héi tiép vé
(feedback). Hé thong WiMAX bao vé chit ché cac kénh hoi tiép véi viée stra 19i.
Vi vy, nguyén nhan chinh gay ra sy suy giam cé thé suy giam, diéu nay gay cho

viéc du doan kénh tré nén 15i thoi nhanh chong. Theo kinh nghiém, véi tbe do hon

GVHD: Nguy&n Thi Bio Thu SVTH : Tran Coéng Chinh - DHDT3



63

30km/h trén tan s song mang 2,100MHz, thi c4c cau hinh héi tiép khong cho phép

thdng tin trang thai ciia kénh truyén mot cach kip thoi va chinh xac vé may phat.

4.4.2.5) Ma hda kénh(channel coding)

- Trong chuan IEEE 8.2.16e-2005, ma hoa kénh 1a mot khéi chirc nang cua 16p vat
ly trong WiMAX. Nhiém vu cta 16p nay l1a 1am cho tin hi¢u truyén di trong moi
truong kénh it bi sai do anh huong ciia pha-dinh. Lam cho phia thu dé khoéi phuc lai
tin hiéu.

Frequency-selective
channel

AWGN 3 2Ll
channeI‘"- Flat fading
(LOS) :

S/

Hinh 4.17: Vai trd ciia ma hoa kénh trong vige giam BER va khdic phuc 16

gay ra cho tin hiéu truyén do pha-dinh
M4 hoa kénh bao gom ba budc sau day:

+ Randomization: Ngau nhién hoa ludng bit dir liéu. Diéu nay s& t6t hon cho
viéc sira 16i Forward Error Correction(FEC). B6 Scrambler dugc thuc hién bdi cac
thanh ghi dich hdi tiép tuyén tinh

+ FEC: Trong khdi FEC gom c6 ba khdi nhé 13 Reed-Solomon Coder,
Covolutional Coder, va khéi Puncturing. Trong 3 khdi nay thi khdi Reed-Solomon
la phirc tap nhat. Khéi nay 1am nhiém vu ma hoa dir liéu va thém cac khoang trong
vao ludng bit dé tao diéu kién cho may thu do tim va sira 16i. Trong khdi nay dir

licu duoc méd hoa convolutional, tuy nhién trudc khi dir liéu dwa vao khdi
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convolutional encoder thi n6 phai dugc mé hoa Reed-Solomon. Cubi cling ludng di
liéu s& duoc dua qua khdi Puncturing dé giam s bit truyén.

+ Interleaving: sap xép lai cac khdi cua bit dir liéu bang cach dwa cac bit ma
hoa ké nhau vao cac song mang khong lién tiép dé bao vé chdng lai 16i burst. Kich
cd khdi bang sb bit duoc ma hoéa trong symbol OFDM don gian. Kich ¢& cua

symbol dugc xac dinh bdi s6 song mang dit 1iéu va cach diéu che.

Data Randomizer Bit
A Interleaver

So do 4.18: So dé khoi chire ning ciia ma héa kénh

45) Két luan chwong

Chuong nay da khai quat duoc nhirng anh huéng va bién phap khic phuc nhidu
cua hé thdng WiMAX. Va dua vao d6 dé xay dung mé hinh toén hoc duoc néi k¥
trong chuong tiép theo.

CHUONG 5: ANH HUONG CUA KENH VO TUYEN
PEN TRUYEN DAN TiN HIEU

5.1)Giéi thiéu chwong

Khi nghién ciu hé théng thong tin, viéc tao ra cac md hinh kénh déng mot vai
trd quan trong trong viéc danh gia chat luong hoat dong cia hé théng. M6 hinh
kénh trinh bay quan hé vao ra cta kénh ¢ dang toan hoc hoac thuat toan. Khi
nghién ciru cac thuat toan, giai thuat dé han ché nhitng anh hudng cta kénh truyén,
diéu can thiét 1a phai xay dung ciac mo hinh c6 thé xdp xi méi trudng truyén din
mét cach hop 1y. Chuong nay gi6i thiéu nhitng dic tinh, anh hudng cua kénh truyén

dong thoi dua ra mo hinh toan hoc ciia kénh vé tuyén di dong.
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5.2) Kénh fading da dwong (multipath fading channel)

Trong hé théng thong tin vo tuyén, do cac hién tugng nhu phan xa, tan xa, khiic
Xa, nhiéu xa... tin hiéu truyén tir bo phat t6i bo thu s& bi tach thanh nhiéu thanh
phén (giéng véi tin hiéu gdc) va mdi thanh phan sé& ¢6 nhimg duong di khac nhau,

Hién twong nay duoc goi 1a truyén dan da duong (multipath propagation).

Pé co thé hiéu rd hon ban chét cua kénh fading da duong, ching ta s& tim hiéu
cac khai niém, hién tuong xay ra khi truyén tin hiéu qua kénh vo tuyén di dong nhur
cac thong so cua kénh fading da duong, hiéu tng doppler, moé hinh dap tmg xung,
phan b Rayleigh va Ricean...

5.2.1) Thong sb tan xa thoi gian (Time dispersion parameter)

Pé phan biét, so sanh tinh chat cta cac kénh truyén dan da duong, ngudi ta sir
dung cac thong sb tan xa thoi gian nhu mean excess delay (d6 tré trung binh vuot
mirc), rms delay spread (tré hiéu dung) va excess delay spread (tré vuot mirc). Cac
thong s6 nay co thé duge tinh tir ddc tinh cong suat truyén téi bo thu ciia cac thanh
phan da duong (power delay profile). Excess delay, 7, la khoang thoi gian chénh
léch giita tia song dang xét v6i thanh phan dén bo thu dau tién. Tinh chét tan xa
thoi
gian (time dispersive) cua kénh truyén dan da duong dai rong duoc thé hién qua
thong s6 mean excess delay, 7, va rms delay spread, o,. 7 dugc dinh nghia 1a

moment cap mot cila power delay profile [4]:

B Zaszk ZP(Tk)Tk
0T Zakz B ZP(rk)

(5.1)

ay, P(r,): bién d9, cong suat thanh phan thi k caa tin hiéu da duong.
Rms delay spread (o, ) 1a cin bac hai moment trung tim cip hai ctia power delay
profile:
o, = 2 —(;)2 (5.2)
Vo1
 Yal’tt DY P
S PR YT (5:3)
k k

T
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5.2.2) Dai thong két hop (coherence bandwidth)

Trong khi delay spread 1a mét hién tuong tur nhién do sy phan xa va tan xa khi
truyén tin hiéu qua kénh vo tuyén, dai thong két hop, B, dugc dinh nghia tir rms
delay spread. Dai thong két hop 13 khoang tan sé ma kénh truyén co thé dugc coi la
“phang” (nghia 1a kénh truyén cho qua tit ca cac thanh phan c6 phd nim trong
khoang tan s d6 v&i d6 loi gan nhu nhau va pha gan nhu tuyén tinh). Hai séng sin
c6 tan s6 chénh léch nhau 16n hon B, s& bi 4nh hudng hoan toan khac nhau bai
kénh. Dai thong két hgp dugc dinh nghia nhu 14 khoang tan sé6 ma ham twong quan
giita céc tin hiéu co tan sd trong khoang nay 16n hon 0.9, khi d6 :

1 (5.4)

B, ——
500,

Néu chi can ham tuong quan 16n hon 0.5 thi:

1

B =
¢ 50 - (55)

5.2.3) Pho doppler (doppler spectrum)

Trong phan ndy, chiing ta s& tap trung tim hiéu anh huéng ciia doppler shift va
viéc truyén 1 séng mang chua diéu ché tan sé f. tr BS. Mot MS di chuyén theo
huéng tao thanh mot géc o, Véi tin hiéu nhan dugc tir thanh phan tha i nhu hinh
sau . MS di chuyén véi van tdc v, sau khoang thoi gian At di duoc d=v. At.

Khi d6 doan duong tir BS dén MS ciia thanh phan thir i cta tin hiéu s& bi thay d6i 1
luong 1a Al .
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Theo hinh vé ta co: Al = d cosa. (5.6)
Khi do, pha cua tin hi¢u sé bi thay doi mot luong:
27VAL . 5.7
A = 2Vt cosa, (5.7)
A : Budc song cua tin hiéu. A

14
A T 13

Dau “-“ cho thay d¢ tré pha ctia song s& giam khi MS di chuyén vé phia BS.
Tan s6 doppler dugc dinh nghia nhu 1a sy thay doi pha do su di chuyén ciia MS

trong sudt khoang thoi gian At:

1 AD
=—— 5.8
° 2 At 8
Thay phuong trinh (5.7) vao phuong trinh (5.8) ta duogc:
fo :%cowi = f,, cosa, (5.9)

V6i f,=v/ A =vf/c 1a d6 dich tan doppler cuc dai (tir tin sé song mang dugc phat
di) do su di chuyén ctia MS.

Chl y rang, tan s6 doppler c6 thé duong hoidc 4m phu thudc vao goc . Tan sd
doppler cuc dai va cuc tiéu 1a +f, ung voi goc o, =0° va 180° khi tia séng truyén
tring véi huéng MS di chuyén:

a,=0%mg véi truong hop tia song di t6i tir phia trude MS.
o, =180° tmg v6i truong hop tia séng di t6i tir phia sau MS.
Trong mot mdi trudng truyén dan thyc, tin hiéu dén bo thu bang nhiéu duong

v6i khoang cach va goc t6i khac nhau. Vi vay, khi mot song sin dugc truyén di,

. . s 2 . : vf a2
thay vi chi bi dich mot khoang tan so duy nhat (doppel shift f, =—-cose,) tai dau
C

thu,

pho cua tin hiéu s& trai rong tir f.(1-v/c) dén f.(1+v/c) va duoc goi 1a phd doppler.
Khi ta gia thiét xac suat xay ra tit ca cac hudng di chuyén ciia mobile hay noi cac
khé&c 12 tit ca cac goc toi 1a nhu nhau (phan bd déu), mat do pho cong suat cia tin

hiéu tai bo thu dugc cho boi
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K 1
f)=
e 2nf 2 (5.10)
m [f—fcj
1—
fo
Trong d6 K 12 hang s6

: K

Chay rang, khi f=f, => S(f=f.)=——
y rang, khi f=f (f=f.) >

f=+f +f=>Sf=2f +f)=w

Hinh dang cta S(f) dugc mo ta nhu hinh 5.2

fC fC
Hinh 5.2: Phé cong sudt ciia tin higu tai bé thu (hi¢u irng doppler)

5.2.4) Trai doppler va thoi gian két hop (Doppler spread and coherence time)

Delay spread va coherence bandwidth 1a céc thong s6 mo ta ban chét tan xa thoi
gian cua kénh truyén. Doppler spread va coherence time 1a nhimg thong s mo ta
ban chat thay d6i theo thoi gian cta kénh truyén.

Doppler spread Bp 1a théng s6 do sy mé rong phd giy ra boi su thay déi theo
thoi gian ciia kénh vo tuyén di dong va duoc dinh nghia 1 khoang tan sé ma pho
tan doppler nhan duoc 1a khac khong. Khi mot séng sin tan so f, dugc truyén di,
pho tin hiéu nhan dugc, pho doppler, s& ¢6 cac thanh phan nam trong khoang tan sb
f-fq dén f+fy vSi fy 1a @6 dich tan do hiéu tung doppler. Luong phd dugc md rong
phu thudc vao fy 1a mot ham cua van toc twong dbi cia MS va goc «;, gilta huéng

di chuyén ctia MS va huéng cua song tin hiéu tdi MS. Néu d6 rong pho cia tin hiéu

GVHD: Nguy&n Thi Bio Thu SVTH : Tran Coéng Chinh - DHDT3



69

I6n hon nhiéu so véi Bp, anh hudng ciia doppler spread 1a khong dang ké tai bo thu
va ddy 1a kénh fading bién d6i cham (slow fading channel).

Coherence time T chinh 1 d6i ngiu trong mién thoi gian (time domain dual) cila
doppler spread, dung dé mo ta su tan xa tan s va ban chét thay d6i theo thoi gian
cua kénh truyén. Doppler spread va coherence time ti 1 nghich véi nhau:

Te= 1/ (5.11)

Coherence time 1a khoang thoi gian ma dap tmg xung cia kénh truyén khong
thay doi. Néi cach khac, coherence time 12 khoang thoi gian ma 2 tin hiéu c6 su
tuong quan v&i nhau vé bién do. Néu nghich dao ctia d6 rong phd cia tin hiéu 16n
hon nhiéu so véi coherence time ctia kénh truyén thi khi d6 kénh truyén sé thay doi
trong suét thoi gian truyén tin hidu va do d6 gdy méo & bo thu. Coherence time

dugc dinh nghia 1a khoang thoi gian ma ham twong quan 16n hon 0.5, khi do:

T~ 9
c ™ 167Z'fm (512)

Véi f,, 1a tan sb doppler cuc dai: fn=v/ 1

Trén thyc té, néu ta tinh T, theo phwong trinh (4.11) thi trong khoang T, tin hiéu
truyén sé bi dao dong nhiéu néu c6 phan bd Rayleigh, trong khi d6 phwong trinh
(5.12) lai qua han ché. Vi thé, ngudi ta thudng dinh nghia T, 12 trung binh nhan cia
hai phuong trinh trén:

9 0423 (5.13)
167f ° f

Dinh nghia cta thoi gian két hop ngu y rang 2 tin hiéu dén bo thu khac nhau mot

khoang thoi gian T, s& bi anh huong khac nhau boi kénh truyén.

Dai lugng Néu “lén” | Néu “nhd”

Néut>> |Néut<<: |T canglén coanh huong dén thoi gian

Tré trai ph6 | T: pha pha dinh ky hiéu va gay ra hién tugng ISI
T dinh lya phang

chon tan

$6
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Néu 1/Bc | Néu 1/Bc | Cung cap mot nguyén tac 1a tim dugc do
Dai thong <<T:pha |>>T:pha |rongbang thong cua cic song mang con
két hop Bc | dinh phang | dinh lua 1a Bsc = Bc/10, do d6 sb luong can thiét
chon tan Clia song mang con trong hé thong
s0 OFDM la L > 10xB/B¢
Trai pho Néu f.v>> | Néu f.v< | Khi tyso fp/ Bsc 1a khong thé bo qua thi
Doppler c; phadinh | ¢; phadinh | Sy truc giao clia cac sobng mang con s&
(- f_.v | nhanh cham mat di
c
Thoi gian | Néu Néu Tc<
kéthop Tc | T>>T; T; pha
pha dinh dinh nhanh
cham

Bdng 5.3) Tom tit cdc thong sé ciia pha dinh bing réng

5.3) M6 hinh dap &ng xung ciia kénh fading

«. Time1 ‘.. ___'_FII'_mEES_
7 Time 2 - "
Base otfiongen.
Station

Hinh 5.4) C4c tin hi¢u multipath dén ¢ nhiing thoi diém khdc

Ta gia str rang c6 N tia dén may thu, tin hiéu dau ra ctia kénh nhu sau:

yt)=>"a, () x(t -7, (1)

n=1

(5.14)
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Trong d6, an(t) va z,(t) 12 suy hao va tré truyén dan cia thanh phan da duong thir n.
Luu ¥ rang suy hao va tré truyén 12 mot ham thay doi theo thoi gian, diéu nay noi
Ién rang, khi 6 t6 di chuyén thi hai dai luong nay ciing thay doi theo.
Ta xac dinh duong bao phure cua tin hi¢u thu
Gia str dau vao kénh truyén song 1a tin hiéu diéu ché c6 dang:

X(t)= A)-cos(2, + (1)) (5.15)
Vi thuc hién mo phong dang song bang cach sir dung céc tin hiéu dudng bao phuc,
nén ta phai xac dinh duong bao phirc cho ca x(t) va y(t), tr do tim ra h(t,z).
Pudng bao phiic cua tin hiéu phat X(t): bang cach kiém tra (5.15) ta c6

X(t)= Alt)- e’V (5.16)
DPuon bao ctia tin hidu y(t) duge xac dinh nhu sau, thay (5.15) vao (5.14)
N
)=22,(t) o (1))- cosforf (t-z, (1) + ot 7, (¢)] (5.17)
n=1

C6 thé viét lai 1a:

N

Y(t)= D a, (1) Alt -7, (1)) Refp ) g7l izt (5.18)

n=1

Vi a,(t) va A(t) déu 1a gid tri thuc nén (5.18) con duogc viét lai nhu sau

Zan At (1)) 45l g2 _ejznfct} (619

Tir (5.16), ta co: Alt—7,(t)-e?=0 = g(t—7, (1)) (5.20)

Vi thé: Re{za e 12 F(t— 7 (t))- eizﬂfc‘} (5.21)
Suy hao duong truyén phirc dugc dinh nghia 1a:

a,(t)=a, (t)-e 2w (5.22)

Vivay: ()= Re{i 3(0)- %t -7, (1) eizﬂfct} (5.23)

n=1

Vi vay, duong bao phtre cia tin hiéu thu y(t) la:

_ 38, (0)-%(t-7, (1) (5.24)

n=1
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Tir déy, ta c6 thé rat ra dap ing xung kim cua kénh h(z,t) 1a quan hé vao ra cua
kénh dugc dinh nghia bai (5.24) twong tmg véi mot hé théng tuyén tinh thay doi
theo thoi gian LTV ¢6 dap ing xung kim la:

N

h(z,t)= :léa‘(t)-é(t—rn(t)) (5.25)

n

$S T t > T(te
i I T $S ? 4 > T(tz
T T I3 T ? > T(t:
T I T 5S T t > T(tc
7'-N 7'-N

Hinh 5.5) Minh hga ddp irng xung kim ciia kénh va ly lich tré da
5.4) Phan bd Rayleigh va phan bo Ricean
5.4.1) Phan b6 Rayleigh
Trong nhiing kénh vo tuyén di dong, phan bé Rayleigh thudong duoc dung dé mo
ta ban chat thay doi theo thoi gian ciia dudng bao tin hiéu fading phang thu duoc
hodc duong bao ciia mot thanh phan da duong riéng 1é. Ching ta biét rang dudng
bao cila tong hai tin hiéu nhidu Gauss truc giao tuan theo phan b Rayleigh. Phan

bd Rayleigh c6 ham mat do xac sudt :

r r
p(r) = ?eXp[_szj (0<rs«) (5.26)
0 (r <0)

Véi o 1a gia tri rms (hiéu dung) cua dién thé tin hiéu nhan duoc trude bo tach

duong bao (evelope detection).
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o 2 1a cong suét trung binh theo thoi gian.
X&c suat dé duong bao cuia tin hiéu nhan dugc khong vuot qua mot gia tri R cho

truée duge cho boi ham phan bé tich lity (CDF):

R?2 J (5.27)

P(R)=P.(r<R) :]i p(r)dr :1—exp(— =

Gia tri trung binh ryean Clia phan bd Rayleigh dugc cho bai:
K pa (5.28)
Foe = EIr] = [1p(N)dr =0, =1.25330
0

Va phuong sai ¢, (cong suat thanh phéan ac ciia duong bao tin hiéu):

GrZ — E[rz]_ EZ[r] :J‘r.Z p(r-)dr-_G2 % = Gz(z—gj = 0429262 (529)
0

Gi4 tri hiéu dung ciia dudng bao 12 2o (can bac hai cia gi tri trung binh binh
phuong). Gia tri median cua r tim dugc khi giai phuong trinh:

Tmedian (530)
1_ [p(dr=r,.,, =1.177c
0

2 median

Vi vay gia tri mean va median chi khac nhau moét lugng 1a 0.55dB trong truong hop

tin hi¢u Rayleigh fading. Hinh 5.6 minh hoa ham mat do xac suat Rayleigh.

0.6065

‘ L 5

Dién thé duong bao tin hiéu tai dau thu r (volts)

Hinh 5.6: Ham mét dé xdc suit ciia phéin bé Ravleich

5.4.2) Phan b Ricean
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Khi c6 thanh phan truyén thang dén mdy thu thi IGc ndy phan bd s& 1a Ricean.
Trong truong hop nady, cac thanh phan da duong ngiu nhién dén bo thu véi nhitng
goc khac nhau duoc xép chong 1én tin hiéu light-of-sight. Tai ngd ra ciia bo tach
duong bao, diéu ndy c6 anh huong nhu 14 cong thém thanh phan dc vao cac thanh
phan da duong ngiu nhién. Giéng nhu trong truong hop do séng sin trong khi bi
nhiu nhiét, anh huong cia tin hiéu light-of-sight (c6 cong suat vuot trdi) dén bo
thu cling Véi cac tin hiéu da dudng (c6 cong suit yéu hon) s& 1am cho phéan bd
Ricean rd rét hon. Khi thanh phan light-of-sight bi suy yéu, tin hiéu tong hop trong
gidng nhu nhiéu c6 dudng bao theo phan bb Rayleigh. Vi vay, phan b bi tro thanh
phan bb Rayleigh trong truong hop thanh phan light-of-sight mét di.

Ham mat do phan bd xac suat ciia phan bd Ricean :

r Ay
o(r) = ?e 20 h{;) (A>0,r>0) (5.31)

0 r<o
A: bién do dinh ciia thanh phan light-of-sight.
lo: 1a ham Bessel sira d6i loai 1 béc 0.
Phan b Ricean thudong duoc mé ta boi thong sé k duge dinh nghia nhu 1a ti s6 gitra

cbng suat tin hiéu xac dinh (thanh phan light-of-sight) va cong suat cac thanh phan

da duong:
. k =
Hay viét duéi dang dB: 2c°
2 5.33
k(dB) =10log A - dB (5.33)
20

k xac dinh phan bd Ricean va dugc goi 12 hé sé Ricean.
Khi A — 0,k — 0 (-0 dB) thanh phan light-of-sight bi suy giam vé bién do, phan
bd Ricean tro thanh phan bé Rayleigh.

Hinh 5.7 m6 ta ham mat do xac suat ciia phan bd Ricean.
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k= -0 dB

k=6 dB

Dién thé duong bao tin hiéu tai dau thu r (volts)

Hinh 5.7: Ham mdt dé xdc sudt ciia phin bé Ricean: K =—o dB
(Rayleigh) va k = 6 dB. Vgi k >>1, gia tri trung binh
Ciia phén b6 Ricean xdp xi vdi phin bé Gauss
5.5) Két luan chwong
Nhitng mé ta toan hoc cia chuwong nay sé 1 co s dé em c6 thé thuc hién mo phong

s& duoc dé cap ¢ chuong tiép theo.
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CHUONG 6: KET QUA MO PHONG
6.1) Gioi thiéu chwong
M6 phong nham 1am rd anh huéng cia nhiu théng qua cac tac dong cua hién
tugng Doppler, kénh pha dinh Rayleigh va Ricean anh huéng dén bién d¢ tai may
thu, va gia tri BER.

6.2) Chwong trinh md phéng anh hwéng ciia hién twgng pha dinh

. A = 9 ) = .
Chuong trinh mo phong anh huong cua pha-dinh
Anh hirdng ctia hién nigng Doppler
CONTROL. i s
V= | tms)
Cuong do nat nat
Anh hiréng ctta kénh 0gk 06t
Rayleigh 1¢n bifn d9
tal may thu
CONIROL 0.4r 0.4
Glifixed
S— 02t 02}
Bién do
: i} L L L L | 0 i . . .
Anh hiéng cta cicloai kénh 0 0.2 0.4 05 0s 1 ] 0.2 0.4 06 08
— FAMEL 1r
— IMFUT CHANNEL
Sokity= | symbols CHANNEL 1[5 08+
Te= CHANNEL 2 06
T bl ar
T {mi\u} CHANNETL. 3
P — (4B) Tham 56 kénh 4l
Pi= [ | @B D6 thi BER
D.2F
P2 = | {dB) Thost
D 1 1 1 1 1 1 1 1 1
a 0.1 0z 0.3 0.4 0.4 0.6 a7 0.4 04
e — —

Hinh 6.1: Giao dién ciia chwong trinh mé phong dnh hwéng ciia pha dinh
6.2.1) Chwong trinh mo phéng anh hwéng cia hién tweong Doppler
Bai toan
Khi may thu thay d6i van toc di chuyén thi thi lam anh huong dén chét lugng cua
tin hi¢u thong qua cuong d¢ tin hi¢u tai may thu.

Két qua chwong trinh
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time
Hinh 6.2: Cwong d¢ tin hiéu tai Hinh 6.3: Cwong d¢ tin hiéu tai
may thu khi v=100(km/h) may thu khi v=30(km/h)

Nhan xét
Nhin vao hinh 6.2 va 6.3, ta thiy cudng d¢ tin hiéu tai may thu thay d6i khi van tdc cia
may thu thay doi,
6.2.2) Chuong trinh md phéng dnh hwéng ciia kénh Rayleigh dén bién dd tin hi¢u
thu

Bai toan

Cho tin hiéu hinh sin chua diéu ché (¢ bang tin gbc). Cho tin hiéu nay di qua hai
duong truyén khac nhau, dudng truyén thir nhat di qua kénh truyén cé6 do loi kénh truyén
la c6 dinh va dudng truyén thir hai co6 do tré va bién do thay d6i mot cach ngau nhién
theo thoi gian. Tai dau ra ciia kénh, tirc 13 ddu vao ciia may thu, ta s& quan sat tin hiéu thu
thay d6i sau 10 1an do bién do tai dau vao may thu.

Muc dich mé phong
Khéo sat su anh hudng cia hién twong da dudng (multipath 2 tia) dén chat lugng cua tin

hiéu tai dau vao may thu.
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Mo hinh mé phéng

de Variable
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Két qua chwong trinh
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Hinh 6.5: Sw thay doi bién dp tai ddu ra ciia kénh multipath
hai tia sau 10 ldn do cé Gy(fixed gain)=1.

Rayleigh fading channel with two path sine wawe input
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Hinh 6.6: Su thay doi bién dé tai ddu ra ciia kénh
multipath hai tia sau 10 ldn do ¢é G, (fixed gain)=20

Nhan xét

Do anh huong cua hién tugng da duong (multipath) lam cho bién dd tai may thu khong
6n dinh sau nhiéu lan do. Do d6 tré va su suy hao cua kénh tht hai thay d6i nhau nhién
theo thoi gian nén trong muoi 1an do thi c6 mudi gia tri khac nhau.
Piéu nay d4 chimg minh dugc rang, trong truyén thong vo tuyén trong moi trudng tam
nhin thang (LOS) it giy suy hao va c¢d chat lugng hon trong méi trudng ¢ tim nhin che
khuat (NLOS).
6.2.3) Chwong trinh mo phéng anh huéng ciia cong suit truyén dén chit lwong ciia
hé thong thong qua gia tri BER
Bai toan
M6 phong hiéu ning BER cua hé thong QPSK hoat dong trong mdi truong kénh da
duong 3 tia ¢ dinh véi AWGN va so sanh hiéu nang BER v&i chinh hé théng d6 nhung
hoat dong trén kénh ly tuong(khéng co6 da duong)

Bdng 6.7: Tham sé ciia cdc kénh

Cé.C kénh PO P]_ P2 r(mﬁu) Chl] th |’Ch

Kénh s6 1 10 | O 0 Kénh AWGN ly tuong

Kénh s6 2 1.0 | 0.2 0 Pha dinh phang Ricean

Kénh s6 3 1.0 0 0.2 Kénh pha dinh phang Ricean

Kénh so 4 1.0 0 0.2 Kénh pha dinh chon loc tan so6 Ricean

Kénh s6 5 0 |10 |02 Kénh pha dinh phang Rayleigh

oo O 00| O o] o

Kénh so 6 0 1.0 | 0.2 Kénh pha dinh chon Ioc tan s

Rayleigh
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Po, P1, P2 x4c dinh cac muc cong suat tuong ddi cua ba duong va dugc tinh bﬁng don vi

dB, trong d6 Py 1 cong suat twong ddi cia tia truyén thang, P, va P, 1a cong suat cia hai

tia phan xa.
a2
R =
& .
Transm Rec
itter eiver /\
N,

A
v
A
v

D Delay

Hinh 6.8: Minh hoa nhiéu da dwong 3 tia
Muc dich mé phong

M6 phong nay nham 1am rd sy anh huéng ciia kénh pha dinh Ricean va Rayleigh;
pha dinh lya chon tan s6 va pha dinh phang 1én gié tri BER ciia h¢ thong truyén thong vo
tuyén.

Nguyén tic md phéng

Gia tri BER cta mdi kénh dugc udc luong bang phuong phap ude tinh ban phan

tich. Phuong phép nay 1a két hop ciia hai phuong phép: giai tich va Monte Carlos

Luu d6 thuit toan
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A
Nhap cac théng s6 sau:sd ky

tu(symbol): Ntéc d6 ldy miu £,
cac gia tri Ex/No
il

Goi chuong trinh con
random_binary

I
— ke

b

S Cackénh khac

Tinh do loi cho mdi duomg |
Ravleiah ya Ricean

v

Goi chuong trinh con

vxcorr
Goi chuong trinh con
gpsk_berest

V& db thi BER theo timg
gia tri Eo/No

v

Xuét ra man hinh

]
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Két qua cita chwong trinh

=

Xic suat 16i P

Xac suit 161 P

Xac suit 16i P

B, 9, (d5)

Hinh 6.13: Pé thi BER ciia kénh sé 5

GVHD: Nguyén Thi Biao Thu
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=3

Xic sudt loi P

Xac suit 161 P

Xac suit 16i P

B, 9, (d5)

Hinh 6.14:Dé thi BER ciia kénh sé 6
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Nhan xét

Dua vao két qua mo phong & kénh sb 1 va sé 2 duoc minh hoa ¢ hinh 5.8 va hinh 6.9,

ta thdy & kénh s6 1 chi c6 mot thanh phan di thang LOS ma khong c6 da dudng, nén day
1a wdc tinh BER ban phén tich cho hé thong QPSK hoat dong trong méi truong kénh
AWGN. Pay 1a kénh chuan va dugc dung dé so sanh voi két qua BER mo phong cia
nim kénh con lai. Kénh sb 2 c6 thém thanh phan pha dinh Rayleigh. Viéc thém vao nay
lam cho kénh nay twong duong véi kénh pha dinh Ricean, do =0 nén kénh sé 2 1a kénh
pha dinh phang(khong chon loc tan sb), va ta thdy 1d rang kénh nay c6 gié tri BER 16n
hon kénh s6 1(kénh ly tuong)
Két qua mo phong cho hai kénh sé 3 va 4 trong hinh 6.10 va hinh 6.11. Hai kénh s6 2 va
3vé co ban 1a nhu nhau. Kénh sb 4 giéng véi kénh sb 3 ngoai trir 1a pha dinh ctia kénh s6
4 1a kénh chon loc tan s6, ==8(mAu); va ta thay rd la hiéu ning ciia hé thong da giam mot
cach rd rét(gia tri cia BER ting 18n). Piéu ndy chtng t6 nhiu chon loc tan sb(hay con
goi 1a ISI) c6 anh huong rat 16n dén chét lugng ctia hé théng thong tin khong day.

Két qua md phong cho kénh s 5 va 6 dugc thé hién trong hinh 6.12 va hinh 6.13 , ca
hai kénh nay déu khéng c6 thanh phan di thang NLOS(kénh Rayleigh ). Khi so sanh két
qua ctia kénh s6 4 va kénh sé 5 ta thdy: mac du 12 kénh s6 5 1a pha dinh phang nhung két
qua 1a gia tri BER cua kénh nay van cao hon so v&i truong hop c6 kénh co duong truyén
thang LOS. Kénh sb 6 ciing 1a kénh Rayleigh nhung 1a trong truong hop c6 tré( kénh

Rayleigh chon loc tan sd) thi chat lwong ciia hé théng suy giam trAm trong.
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KET LUAN VA HUONG PHAT TRIEN CUA PE TAI
Két luan
Tham s6 BER 12 mot tham s quan trong dung dé danh gia chat luong cta hé thong, vi
vay n6 ludn duge quan tim dén trong qua trinh thiét ké hé théng. Viéc moé phong dé wéc
tinh gi4 tri BER cho timg kénh truyén va cac phuong phap diéu ché ciia hé thong gitp
nguoi thiét ké danh gia dung nhimg anh huong cua tic dong bén ngoai dén kénh truyén,
lya chon cac phuong phap diéu ché thich hop cho timg diéu kién kénh truyén, thuan loi
hon trong viéc trién khai hé thong trong thuc té
Trong pham vi d6 an nay la tim hiéu tong quan vé cong nghé WiMAX, cac anh hudng
cta nhidu dén hé théng nay va cac bién phap khic phuc cac anh huong nay. Cac két qua
mod phong trén hoan toan ding véi ly thuyét dua ra.
Huwéng phat trién dé tai
Trong pham vi dé tai nay, em d4 tim hiéu nhitng anh hudéng chu yéu trong mang truyén
thong khong day noi chung ciing nhu trong WiMAX va céac bién phap dé khic phuc trong
WiMAX. Trong chuong trinh md phong anh hudng cua pha-dinh; em chi gidi han anh
huong ctia hién tugng Doppler cudng do tin hiéu tai may thu, ctia kénh thay doi theo thoi
gian dén bién do tai may thu, anh huong cta kénh Rayleigh va Ricean gom ba tia va mo
hinh kénh truyén d& duoc don gian hoa.
Pi sdu tim hiéu anh hudng ciia hién twong Doppler dén chat luong cta hé thong va bién
phap khic phuc, vi hién tugng nay c6 anh huong dang ké dén mang di dong.
Tim hiéu k¥ hon vé bién phap khéc phuc 16i bang phuong phap udc lwong va can bang

kénh ¢ phia thu vi phuong phéap nay rat quan trong trong qua trinh thuc hién AMC.
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PHU LUC
% ———————————— anh huong cua hien tuong Doppler--—---———————————-
function pushbutton6_Callback(hObject, eventdata, handles)
N=5000; %Number of paths
t=0.0001:10/N:-10; %Time range
fc=900*10.M6; %Carrier frequency
we=2*pi*fc;
v=handles.v;
v1=v/3600; %Receiver speed[km/h]
c=300*10"3; %Light speed
wm=wc*(v1l/c); %Maximum shift
fm=wm/ (2*pi1); %Doppler shift
for 1=1:N
A(D)=2*pi/N)*i; %Azimuthal angles

wn(i)=wm*cos(A(i));
O(D)=(pi*i)/(N+1);

xc(1)=2*cos(wn(1)*t(i1)) -*cos(O(i))+cos(wm*t(i));
xs(i1)=2*cos(wn(i)*t(i)).-*sin(0(1));
T(1)=(1/(2*N+1)"0.5) . *(xc(i)+j*xs(i)); WComplex envelope

end

M=mean(abs(T)); %Mean
MdB=20*1og10(M) ;

TdB=Floor (20*1og10(abs(T))); %Field [dB]

z1l=hist(abs(T));
z=hist(TdB,9);
n=0;
for k=1:9
n=n+z(k);
end
for b=1:9
P(b)=z(b)/n;
end
F(D=P();
for x=2:9
TO)=F(X-1)+P(X);
F(10-x)=F(X);
end
axes(handles.field);
reset(handles.field);
plot(zl) %Distribution chart
title("Rayleigh’s distribution®);

function density_Callback(hObject, eventdata, handles)

N=5000; %Number of paths
t=0.0001:10/N:-10; %Time range
fc=900*10.M6; %Carrier frequency

we=2*pi*fc;
v=handles.v;

v1=v/3600; %Receilver speed[km/h]
c=300*10"3; %Light speed
wm=wc*(v1l/c); %Maximum shift
fm=wm/ (2*pi1); %Doppler shift

for 1=1:N

A(D)=2*pi/N)*i; %Azimuthal angles

wn(i)=wm*cos(A(i));
O(D)=(pi*i1)/(N+1);
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xc(1)=2*cos(wn(i)*t(i)).*cos(O(i1))+cos(wm*t(i));

xs(1)=2*cos(wn(i)*t(i)).*sin(0(1));

T(1)=(1/(2*N+1)"0.5) . *(xc(i)+j**xs(i));

end
M=mean(abs(T));
MdB=20*1og10(M);
TdB=floor (20*1og10(abs(T)));
zl=hist(abs(T));

z=hist(TdB,9);
n=0;
for k=1:9
n=n+z(k);
end

for b=1:9

P(b)=z(b)/n;

end

F(D=P();
for x=2:9

TO)=F(X-1)+P(X);
F(10-x)=F(X);

end
axes(handles.field);
reset(handles.field);
semilogy(t,abs(T)/max(abs(T)),"r")
title("Received Tield™);
ylabel ("Received fTield intensity”);
xlabel ("time™);
grid on

————————— - anh huong cua multipath---

%Complex envelope
%Mean

%Field [dB]

%Fading graphic

function pushbutton4_Callback(hObject, eventdata, handles)

T _c=1e3;
time_1 = (linspace (0, 10, 1000));

signal_in = sin (2 * pi *f_c* time_1);

axes(handles.unmodulated);
reset(handles.unmodulated);

plot (time_1, signal_in, "b");grid on;

xlabel ("time®);ylabel("amplitude®);

%carrier frequency(no modulation)
%time
%sine wave

%blue=signal_1in

title("Rayleigh fading channel with two path sine wave input®)

hold on

for 11 = 1:10
tau=round(50*rand(1,1)+1);
gl=handles.g;
g2=round(-5*rand(1,1)+1);

%# 1terations

% variable delay(phase shift)
%Fixed gain

%variable gain or attenuation

signal_out=gl*signal_in + g2*[zeros(1,tau) signal_in(l:end-tau)];

plot (time_1,(signal_out),"r")
pause(2);

end

hold off
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function listboxl CreateFcn(hObject, eventdata, handles)
it ispc
set(hObject, "BackgroundColor™, "white");
else
set(hObject, "BackgroundColor*,get(0, "defaultUicontrolBackgroundColor®));
end

function listbox1l_Callback(hObject, eventdata, handles)

% --- Executes on button press in pushbuttonl.
function pushbuttonl_Callback(hObject, eventdata, handles)
luachon=get(handles.listbox1, "value™)
if luachon==1
close;
kenhmot;
elseif luachon==
close;
kenhhai ;
elseif luachon==
close;
kenhba;
elseif luachon==
close;
kenhbon;
elseif luachon==
kenhnam;
elseif luachon==6
close;
kenhsau;
end

% --- Executes on button press in pushbutton2.
function pushbutton2_Callback(hObject, eventdata, handles)
kenhso=get(handles.listbox1, “value™)

N= handles.N; % number of symbols
th = 0.5; % bit time

fs = handles.fs; % samples/symbol
ebn0db = [1:2:14]; % Eb/NO vector

X = random_binary(N,fs)+i*random_binary(N,fs);

iT kenhso==1

pO =1;

pl = 0;

p2 = 0;

delay = 0;

set(handles.edit2, "enable”, "off");
set(handles.edit3, “"enable”, "off");
set(handles.edit4, “enable”, "off");
set(handles.edit5, "enable®, "off");
set(handles.edit6,"enable”, " on");
set(handles.edit7,enable”,"on");

elseif kenhso==

pO =1;
pl =0.2;
p2 = 0;
delay = 0;

set(handles.edit2, “"enable”, "off");

GVHD: Nguy&n Thj Bio Thu SVTH : Trin Cong Chinh — DHDT3



92

set(handles.edit3, "enable®, "off");

set(handles.edit4, “"enable”, "off");

set(handles.edit5, "enable®, "off");

set(handles.edit6,"enable”,"on");

set(handles.edit7,enable”,"on");
elseif kenhso==

pO =1;
pl = 0;
p2 =0.2;
delay = 0;

set(handles.edit2, "enable”, "off");

set(handles.edit3, "enable”, "off");

set(handles.edit4, “enable”, "off");

set(handles.edit5, "enable®, "off");

set(handles.edit6,"enable”,"on");

set(handles.edit7,enable”,"on");
elseif kenhso==

pO =1;
pl = 0;
p2 =0.2;
delay = 8;

set(handles.edit2, "enable”, "off");

set(handles.edit3, “"enable”, "off");

set(handles.edit4, “"enable”, "off");

set(handles.edit5, "enable”, "off");

set(handles.edit6,"enable”, "on");

set(handles.edit7,enable”,"on");
elseif kenhso==

pO = 0;
pl =1;
p2 =0.2;
delay = 0;

set(handles.edit2, "enable”, "off");

set(handles.edit3, "enable”, "off");

set(handles.edit4, “"enable”, "off");

set(handles.edit5, "enable®, "off");

set(handles.edit6,"enable”,"on");

set(handles.edit7,enable”,"on");
elseif kenhso==

pO = 0;
pl =1;
p2 =0.2;
delay = 8;

set(handles.edit2, "enable”, "off");
set(handles.edit3, “"enable”, "off");
set(handles.edit4, “enable”, "off");
set(handles.edit5, "enable®, "off");
set(handles.edit6,"enable”,"on");
set(handles.edit7,enable”,"on");
elseif kenhso==

set(handles.edit2,enable”,"on");
set(handles.edit3, "enable”,"on");
set(handles.edit4, "enable”,"on");
set(handles.edit5, "enable”,"on");
set(handles.edit6,"enable”,"on");
set(handles.edit7,enable”,"on");
pO= handles.pO;
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pl= handles.pl;

p2= handles.p2;

delay= handles.delay;

end

delayO = 0; delayl = 0; delay2 = delay;

CHUONG TRINH CON RADOM_BINARY

function [x, bits] = random_binary(nbits,nsamples)
X = zeros(1,nbits*nsamples);
bits = round(rand(1,nbits));
for m=1:nbits
for n=1:nsamples
index
x(1, index)
end
end

(m-1)*nsamples + n;

(-1 bits(m);

CHUONG TRINH CON Q
function y=q(x)

y = 0.5%erfc(xX/sqrt(2));

CHUONG TRINH CON QPSK_BEREST

function [peideal,pesystem] = qgpsk_berest(xx,yy,ebn0db,eb,tb,nbw)

[n1 n2] = size(xXx);

nx = nl*n2;

[n3 n4] = size(yy);

ny = n3*n4;

[n5 n6] = size(ebn0db);

neb = n5*n6;

nbwideal = 1/(2*tb*2);

for m=1:neb
peideal(m) = 0.0;
pesystem(m) = 0.0;
stringl = [FEb/No = *,num2str(ebn0db(m))];
disp(stringl) % track execution
ebnO(m) = 10~(ebn0db(m)/10); % dB to linear
no = eb/ebnO(m); % noise power
sigma = sgrt(n0*nbw*2); % variance
sigmal = sgrt(n0*nbwideal*2); % variance of ideal

b = sgrt(2*eb/tb)/sqrt(sum(abs(xx)-"2)/nx);
for n=1:nx

theta = angle(xx(n));
ifT (theta<0)

theta = theta+2*pi;
end
xxx(n) = b*xx(n)*exp(-i*(theta-(pi/4)));
yyy(n) = yy(n)*exp(-i*(theta-(pi/4)));
di = realxxx(n)); d2 = imag(xxx(n)); % reference
d3 = real(yyy(n)); d4 = imag(yyy(n)); % system
pel = q(d1/sigmal) + gq(d2/sigmal); % reference
pe2 = q(d3/sigma) + q(d4/sigma); % system
peideal(m) = peideal(m)+pel; % SER of

pesystem(m) = pesystem(m)+pe2;

SER of system
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end
end
peideal = (1/2)*peideal ./nx; % convert to BER
pesystem = (1/2)*pesystem./nx; % conver

CHUONG TRINH CON VXCORR
function [c,lags] = vxcorr(a,b)

a = a(:2); % convert a to column vector
b = b(:2); % convert b to column vector
M = length(a); % same as length(b)
maxlag = M-1; % maximum value of lag
lags = [-maxlag:maxlag]"~; % vector of lags
A = fft(a,2™nextpow2(2*M-1)); % fft of A
B = fft(b,2™nextpow2(2*M-1)); % fft of B
c = ifft(A.*conj(B)); % crosscorrelation
[c(end maxlag+l:end,1);c(1:maxlag+1,1)];
[nr nc] = size(a);
if(nr>nc)
c =c.";
lags = lags.";
end

CHUONG TRINH CON WAITBARQA

function fout = wailtbarqa(x,whichbar, varargin)
if nargin>=2
it ischar(whichbar)
type=2; %we are initializing
name=whichbar;
elseif isnumeric(whichbar)
type=1; %we are updating, given a handle
f=whichbar;
else
error(["Input arguments of type

class(whichbar) ° not valid."])
end

elseif nargin==1
f = findobj(allchild(0), "flat","Tag", "TMWaitbar");

it isempty(T)
type=2;
name="Waitbar";
else
type=1;
=F(1);
end
else
error("Input arguments not valid.");
end

X = max(0,min(100*x,100));

switch type

case 1, % waitbar(x) update
p = Ffindobj(F, "Type~","patch®);
I = findobj(f, " Type®,"line");
it isempty(T) | isempty(p) | isempty(l),
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error("Couldn® "t find waitbar handles.")
end
Xpatch get(p, "XData");
Xpatch [0 x x O];
set(p, "XData" ,xpatch)
xline = get(l,"XData");
set(l, "XData~",xline);

it nargin>2,

hAxes = findobj(f, "type~", "axes");

hTitle = get(hAxes, "title");

set(hTitle,"string”,varargin{1});
end

case 2,
vertMargin = 0O;
it nargin > 2,
if rem (nargin, 2 ) ~= 0
error( "Optional in
end
end

oldRootUnits = get(0,"Units™);

set(0, "Units", "“points~);
screenSize = get(0, "ScreenSize");

axFontSize=get(0, "FactoryAxesFontSize~");

% Update waitbar title:

% waitbar(x,name) initial

pointsPerPixel = 72/get(0, "ScreenPixelsPerlnch®);

width = 360 * pointsPerPixel;
height = 75 * pointsPerPixel;

pos = [screenSize(3)/2-width/2 screenSize(4)/2-height/2 width height];

T = figure(...
"Units®, "“points®, ...
"BusyAction®, “queue®, ...
"Position®, pos, --.
"Resize","off", ...
"CreatefFcn®™," ", ...
“NumberTitle™, "off", ...
"IntegerHandle®, "off", ...
"MenuBar®, "none®, ...
"Tag®, "TMWWaitbar”®, ...
"Interruptible®, “off", ...
*Visible®, "off");

%6%9%%%%6%6%%%%% % %%%%%%%%
% set figure properties as passed to the fcn

% pay special attention to the “cancel® request

%6%9%%%6%6%%%%% % %%6%%%%% % %%%%%%% % %%%%% %%
it nargin > 2,
propList = varargin(l:2:end);
valueList = varargin(2:2:end);
cancelBtnCreated = O;
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for i1 = 1:length( propList )
try
ifT stremp(lower(propList{ii}), “createcancelbtn® ) &
~cancelBtnCreated
cancelBtnHeight = 23 * pointsPerPixel;
cancelBtnWidth = 60 * pointsPerPixel;
newPos = pos;
vertMargin = vertMargin + cancelBtnHeight;
newPos(4) = newPos(4)+vertMargin;
callbackFcn = [valueList{ii}];
set( f, "Position®, newPos, "CloseRequestFcn®, callbackFcn

cancelButt = uicontrol("Parent”,f, ...
*Units®, "points®, ...
"Callback",callbackFcn, ...
"ButtonDownFcn®, callbackFcn, ...
"Enable®,"on", ...
"Interruptible®,“off", ...
"Position®, [pos(3)-
cancelBtnWidth*1.4, 7, ...
cancelBtnWidth, cancelBtnHeight], ...
*String®,"Cancel”, ...
"Tag", "TMWWaitbarCancelButton®);
cancelBtnCreated = 1;
else
% simply set the prop/value pair of the figure
set( T, propList{ii}, valueList{ii});
end
catch
disp ( ["Warning: could not set property
with value """ num2str(valueList{ii}) """ ] );
end

propList{ii}

end
end

%%%%%6%%%%%6%%%%%6%% %% % %% %6%%%%%6%%%

colormap([1);

axNorm=[.05 .3 .9 .2];
axPos=axNorm.*[pos(3:4),pos(3:4)] + [0 vertMargin 0 0];

h = axes("XLim",[0 100],--.-
*YLim®,[O 1], ---
"Box*,"on", ...
"Units”", "Points”, ...
"FontSize", axFontSize,...
"Position”,axPos, ...
"XTickMode®, "manual ™, . ..
"YTickMode®, "manual ™, . ..
"XTick®,[1,---
*YTick",[1,---
"XTickLabelMode®, "manual ™, . ..
"XTickLabel",[1,---
"YTickLabelMode®, "manual ™, . ..
*YTickLabel*",[D);
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tHandle=title(name);
tHandle=get(h, "title");
oldTitleUnits=get(tHandle, "Units");

% set(tHandle, ...

% “Units-, "points®, ...
% *String”, name) ;
set(tHandle, ...
“Units”, "pointsT, ...
"String-, name, "FontName®, " .VnTime");

tExtent=get(tHandle, "Extent™);
set(tHandle, "Units” ,oldTitleUnits);

titleHeight=tExtent(4)+axPos(2)+axPos(4)+5;
it titleHeight>pos(4)
pos(4)=titleHeight;
pos(2)=screenSize(4)/2-pos(4)/2;
figPosDirty=logical (1);
else
FfigPosDirty=logical (0);
end

if tExtent(3)>pos(3)*1.10;
pos(3)=min(tExtent(3)*1.10,screenSize(3));
pos(1l)=screenSize(3)/2-pos(3)/2;

axPos([1,3])=axNorm([1,3])*pos(3);
set(h, "Position”,axPos);

figPosDirty=logical (1);
end

it figPosDirty
set(f, "Position”,pos);

end

Xpatch = [0 x x 0];

ypatch = [0 0 1 1];

xline = [100 O O 100 100];
yline = [0 0 1 1 0];

p patch(xpatch,ypatch, "r*,"EdgeColor”,"r*, "EraseMode”, "none");
| line(xline,yline, "EraseMode™, "none®);
set(l,"Color~,get(gca, "XColor"));

set(f, "HandleVisibility~", "callback®,"visible®,"on");

set(0, "Units®, oldRootUnits);
end % case
drawnow;

it nargout==1,
fout = T;
end
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