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Chuong 1. CONG NGHE CDMA
Chuong 1 CONG NGHE CDMA

1.1 Gi6i thiéu chwong

Cong nghé¢ CDMA sir dung k¥ thuat trai pho tin hiéu dé phat dir liu cling
mot pho tan. TAt ca cong suat cla tin hiéu trong dudng truyén CDMA duoc dong
thoi trén cing mot bang tan rong, phét trén cing mot tan sd va tin hiéu nguyén thuy
s€ dugc khoi phuc tai dau thu. Déng thot tin hiéu trai phé xuét hién trai rong déu
trén toan bo bang tan voi cong suét phat thip, do d6 loai bo duoc nhidu, giao thoa.
Trong chuong nay chung ta s€ di vao nghién ciru kha nang da truy nhap, phan tich
wu nhuoc diém va diéu khién cong xuat ciia quéa trinh thu phét tin hiéu trong hé

thdng CDMA.

1.2 Tong quan vé CDMA

CDMA duoc dua ra thi truong 1an dau tién vao nam 1995 véi chuan IS-95. O
thé hé di dong thur 3 sé sir dung cong nghé da truy cip phan chia theo ma (CDMA)
thay vi cong nghé da truy cap phén chia theo thoi gian (TDMA) theo chuan IMT-2000.

Trong hé thong CDMA, mdi nguoi dung duoc cap phat mot chudi ma (chudi
trai pho) dung dé ma hoa tin hiéu mang thong tin. Tai may thu, tin hi¢u thu s& dugc
dong bo giai ma dé khoi phuc tin hidu gbe va di nhién may thu phai biét duoc chudi
ma d6 ¢é ma hoa tin hiéu. K thuat trai pho tin hiéu gitp cac ngudi ding khong gay
nhiéu 1an nhau trong diéu kién c6 thé cing mét lac ding chung dai tan sb. Piéu nay
dé dang thyc hién duoc vi twong quan chéo giita ma cta ngudi dung mong mudn va
mA cila cac nguoi ding khéac thap. Bing thong cia tin hiéu ma duoc chon 16n hon
rat nhiéu so voi bang théng cia tin hiéu mang thong tin; do d6, qué trinh ma hoa s&
lam trai rong pho cua tin hiéu, két qua cho ta tin hiéu trai pho.

O cac hé thong thong tin trai pho, do rong bang tan cua tin hiéu dugc mo
rong hang trim lan trudc khi phat. Trai pho khong mang lai hiéu qua vé mat sir
dung bang thong ddi véi hé thong don ngudi dung. Tuy nhién né ¢6 wu diém trong
moi truong da ngudi dung vi cac ngudi ding nay cé thé dung chung mot bang tan
trai ph6 v6i can nhiéu 13n nhau khong dang ké.

Mot ki thuat diéu ché trai pho phai thod man 2 tiéu chuan:




Chuong 1. CONG NGHE CDMA

e Bing thong cila tin hiéu truyén phai 16n hon bang thong cta tin hiéu mang
thong tin.
e Trai ph6 dugc thyc hién bang mot ma doc 1ap véi s lidu.
Ti s6 bang thong truyén trén bang thong cia tin hiéu thong tin duge goi 1a do loi xir

ly ciia hé thong trai pho:

G,= (1.1)

V6i B, : bang thong truyén; B; : bing thong ctia tin hiéu mang thong tin
e  Tin hiéu trai pho cho bang thong rong nén ¢ nhitng wu diém khac so véi tin
hiéu bang hep.

% Kha nang da truy cap: néu cac ngudi dung phat tin higu trai pho tai cing mot
thoi diém, may thu c6 kha ning phan biét giita cac nguoi ding, do d6 cac ma
trai pho c6 cac twong quan chéo thap. Vi vay, bang thong cua tin hidu cong suét
ctia ngudi ding mong mudn s& 16n hon cong suat gy ra boi nhidu va cac tin
hiéu trai phd khac (nghia 1a lic nay tin hiéu cua nhimg nguoi dung khac van 1a
nhitng tin hiéu trai pho trén bang thong rong).
% Bao vé chong nhiéu da duong: trong kénh truyén vo tuyén khong chi co mot
duong truyén giita may thu va may phat. Vi tin hiéu bi phan xa, khiic xa, nhiu
xa nén tin hiéu thu duoc tai dau thu bao gdm cac tin hiéu trén cac duong khac
nhau. Tin hiéu trén cac dudng khac nhau déu 13 ban sao cia cling mét tin hiéu
nhung khac bién d6, pha, do tré va goc tdi. Khi cong tat ca cac tin hiéu nay lai s&
tao nén nhiing tan s6 moi va ciing 1am mat di mot s tan sé mong mudn. Trong
mién thoi gian diéu nay lam phan tan tin hiéu. Piéu ché trai phd chdng lai nhidu
da duong, viéc giai trai pho sé coi phién ban cta tré 1a tin hiéu nhiéu va gitr lai
mot phan nho cla tin hiéu nay trong bang thong tin hiéu mong mudn, tuy nhién
né phu thudc nhiéu vao phuong phéap diéu ché dugc str dung.
% Bao mat: Vi tin hiéu trai pho sir dung toan bang thong tai moi thoi diém nén

nd c6 céng suat rat thap trén mot don vi bang thong, va viéc khoi chi duoc thuc

hién khi biét dugc ma trai pho. Didu nay giy kho khan cho viéc phat hién tin

hiéu da trai pho tirc 1a tinh bao mat rat cao.
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7

% Khir nhidu bang hep: tich séng dong bo tai may thu lién quan téi viéc nhan
tin hiéu nhan dugc véi chudi mé duoc tao ra bén trong may thu. Tuy nhién nhu
chung ta thiy & may phat, nhiéu bang hep s& bi trai pho sau khi nhan n6 v6i ma
trdi pho. Do d6, cong suat ciia nhiéu nay trong bang thong tin hiéu mong mudn

giam di mot luong bang do loi xir 1y.

1.3 M4 trai pho
M4 ding dé trai pho 1a mot chudi tin hiéu gia ngau nhién. Tin hiéu ngiu

nhién Ia tin hiéu ma ta khong thé du doan trudc su thay doi ciia nd theo thoi gian va
dé biéu dién tin hiéu nguoi ta dya vao ly thuyét xac suat théng ké. Voi tin hiéu gia
ngau nhién thi khéng hoan toan ngau nhién. Cé nghia, voi thué bao nay né khéng
ngau nhién, 1a tin hiéu co thé dy doan trude ca phia phat va phia thu nhung véi cac
thué bao khac thi n6 1a ngau nhién. N6 hoan toan ddc 1ap véi tin hiéu, khong phai 1a
tin hiéu va co tinh chat théng ké ciia mot tin hiéu nhidu tring. Cac ma trai phd c6
thé 14 c4c ma gia tap &m PN hodc cac ma dugc tao ra tir cac ham truc giao.
1.3.1 Chudi mi gia ngiu nhién PN

Chudi PN 12 mot chudi nhi phan c6 ham twong quan giéng nhu ham twong
quan ctia mot chudi nhi phan ngiu nhién qua mot chu ky. Mic di quy luat bién doi
ctia cac chudi nay 14 hoan toan xac dinh nhung chudi PN c6 nhiéu dic tinh gidng
v6i chudi nhi phan ngau nhién, chang han: s6 bit 0 va bit 1 gan bang nhau, tuong
quan chéo gitra md PN va phién ban bi dich theo theo thoi gian cia n6 1a rat nho.
Chudi PN dugc tao ra bang cach sir dung cac mach logic tuan tu. Loai quan trong
nhét trong s6 cac chudi PN 1a chudi thanh ghi dich co s6 2 ¢ chiéu dai cu dai hay
con goi 1a chudi m. Mot chudi m trong mot chu ky 1a *-1/N” ddi v6i twong quan
chéo va 1’ ddi véi tu twong quan.

Ham ty twong quan dugc dinh nghia nhu sau :

RE) =~ > pn(KIpn(k—) t2)
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R(7)

1

] -
AT T T IV [T 7=

~1/N
Hinh 1.1 Ham tuong quan ctia chudi PN

Trong d6 pn(k) 1a chudi m va pn(k- 1) 1a phién ban tré theo thoi gian cia ma pn(k)
mot khoang .
1.3.2 Chudi m trai phé Walsh-Hardamard
Cac ham Walsh dugc tao ra tir cac ma tran vuong dac biét NxN goi 1a cac ma
tran Hadamard. C4c ma trdn ndy chira mot hang toan s 0 va cac hang con lai c6 sb
s6 1 va sb s6 0 bang nhau. Him Walsh duogc cdu trac cho do dai khéi N=2! trong d6
j 12 mot s6 nguyén duong. Céc t6 hop ma & cac hang cua ma tran 13 cac ham truc

giao dugc xac dinh theo ma trdn Hadamard nhu sau:

0O 0 0O
0 0 0101 Hy H,
H1=[O], Hz_{ } H, = , Ho :{ — (1-3)
0 1 0 011 Hy H,
0110

Trong d6 H 1a ddo co so hai ciia Hy

Trong thong tin di dong CDMA, mdi thué bao sir dung mot phan tir trong tap
cac ham truc giao dé trai pho. Khi do, hiéu suat sir dung bang tan trong hé thong s&

I6n hon so véi khi trai phd bang cac ma dugc tao ra boi cac thanh ghi dich.
1.4 Cé&c kiéu trai pho co ban
C6 3 kiéu hé thong trai pho co ban:

e  Trai pho day truc tiép DSSS: tao tin hiéu bang rong bang cach diéu ché dir
liu d4 duoc didu ché boi song mang bang tin hiéu bing rong hodc mé trai pho.
Tuc 12 hé thong DS_SS dat duogc trai phd bang cach nhén tin hiéu nguon véi mot

tin hiéu gia ngau nhién.
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e  Trai pho nhay tan FHSS: 1 s dung chudi ma dé diéu khién tan sd song
mang cua tin hi¢u phat. Trong truong hop nay tin hi¢u phat 1a tin hi¢u d& duoc
diéu ché nhiing séng mang nhay tan tir tin s6 ndy sang tan s6 khac trén mot tap
(16n) céac tan sb; mau nhay tan c6 dang gia ngau nhién.

e  Trai phd nhay thoi gian THSS: mot khdi cic bit s6 lidu duoc nén va dugc
phat ngat quing trong mot hay nhiéu khe thoi gian trong mét khung chira mot s6
lugng 16n cac khe thdi gian. Mot mau nhay thoi gian s& xac dinh cac khe thoi gian

nao duoc sir dung dé truyén dan trong mdi khung.

1.5 Chuyén giao

Chuyén giao 1a thu tuc can thiét dam bao thong tin dugc lién tuc trong thoi
gian két ndi. Khi thué bao chuyén dong tir mot cell ndy sang mot cell khac thi két

ndi v6i cell méi phai duoc thiét 1ap va két ndi vai cell cii phai duoc hiy bo.
1.5.1 Muc dich ciia chuyén giao

Ly do co ban ciia viéc chuyén giao 1a két ndi vo tuyén khong théa man mot bo
tiéu chuan nhat dinh va do d6 UE hodc UTRAN sé thyc hién cac cong viée dé cai
thién két ndi d6. Khi thuc hién cac két ndi chuyén mach goi, chuyén giao duoc thuc
hién khi ca UE va mang déu thuc hién truyén géi khong thanh cong. Cac diéu kién
chuyén giao thuong gap la: diéu kién chét luong tin hi¢u, tinh chat di chuyén cua

thué bao, sy phan bé luu lwong, bang tan. ..

Diéu kién chat luong tin hiéu 1a diéu kién khi chat luong hay cudng d6 tin
hiéu vo tuyén bi suy giam dudi mot ngudng nhét dinh. Chuyén giao phu thudc vao
chét luong tin hiéu dugc thuc hién cho ca hudng 1&n 1an hudng xudng cua duong

truyén dan vo tuyén.

Chuyén giao do nguyén nhan luu lwong xay ra khi dung lwgng luu luong ciia
cell dat toi mot gidi han tdi da cho phép hodc vuot qua ngudng gidi han do. Khi d6
céc thué bao & ngoai ria cia cell (c6 mat do tai cao) sé duoc chuyén giao sang cell

bén canh (c6 mat do tai thap).

S6 lwong chuyén giao phu thudc vao téc do di chuyén cia thué bao. Khi UE di
chuyén theo mot huéng nhat dinh khong thay d6i, téc d6 di chuyén cua UE cang
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cao thi cang c6 nhiéu chuyén giao thyc hién trong UTRAN.

Quyét dinh thyc hién chuyén giao thong thuong dugce thyc hién béi RNC dang
phuc vu thué bao o, loai trir trudng hop chuyén giao vi ly do luu luong. Chuyén

giao do nguyén nhan luu luong duoc thuce hién boi trung tim chuyén mach di dong (MSC).
1.5.2 Cé&c loai chuyén giao

Tuy theo hinh thic st dung trong céc co ché chuyén giao, cé thé phan chia
chuyén giao thanh cac nhém nhu: chuyén giao cimg, chuyén giao mém va chuyén
giao mém hon. Chuyén giao dam bao thong tin dugc duy tri lién tuc khi cac MS di
dong tir cell nay sang cell khac hay gitra cac dai quat trong cing mét cell. Chuyén
giao phai diing va nhanh dé thong ti khong bi ngat quing, khéng bi mét tin hiéu khi

dang di chuyén.
1.5.2.1 Chuyén giao mém va mém hon
Chuyén giao mém va mém hon dya nguyén tic két ndi “ndi trudc khi cate .

Chuyén giao mém hay chuyén giao gitra cac cell 1 chuyén giao duoc thyc hién giita
céc cell khac nhau, trong d6 tram di dong bat dau thong tin v6i mot tram géc méi
Ma van chua cat thong tin voi tram gdc cii. Chuyén giao mém chi ¢ thé duoc thuc
hién khi ca tram gbc cii 14n tram géc moi déu 1am viéc & cling mot tan s6. MS thong
tin véi 2 sector ctia 2 cell khac nhau (chuyén giao 2 dudng) hodc véi 3 sector cia 3

cell khac nhau (chuyén giao 3 duong).

- Chuyén giao mém hon 14 chuyén giao dugc thuc hién khi UE chuyén giao
giira 2 sector ctia cling mot cell hodc chuyén giao giita 2 cell do ciing mot BTS quan
ly. Pay 1a loai chuyén giao trong d6 tin hiéu méi duoc thém vao hoic xoa khoi tap
tich cuc, hodc thay thé boi tin hiéu manh hon & trong cac sector khac nhau ciia cling BTS,

Trong truong hop chuyén giao mém hon, BTS phét trong mot sector nhung
thu tir nhiéu sector khac nhau. Khi ca chuyén giao mém va chuyén giao mém hon
duogc thyc hién dong thoi, trudng hop ndy goi 14 chuyén giao mém - mém hon.

- Chuyén giao mém - mém hon: MS thong tin Vi hai sector ctia cling mot cell

va mot sector cua cell khac. Cac tai nguyén mang can cho kiéu chuyén giao nay
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gom tai nguyén cho chuyén giao mém hai duong giira cell A va B cong véi tai

nguyén cho chuyén giao mém hon tai cell B.
1.5.2.2 Chuyén giao cirng

Chuyén giao cing duoc thyc hién khi can chuyén kénh luu luong sang mot
kénh tan sb mgi. Cac hé thong thong tin di dong t6 ong FDMA va TDMA déu chi

sir dung phuong thirc chuyén giao nay.

Chuyén giao ctmg dya trén nguyén tic “cit trudc khi ndi” (Break Before
Make) c6 thé dugc chia thanh: chuyén giao cting cling tan sb va chuyén giao cing
khac tan sd. Trong qua trinh chuyén giao cimg, két ndi cii duoc giai phong trude khi
thue hién két ndi méi. Do vy, tin hiéu bi ngit trong khoang thoi gian chuyén giao.
Tuy nhién, thué bao khdng c6 kha ning nhan biét dugc khoang ngimg d6. Trong
truong hop chuyén giao cimg khac tan sb, tan sd song mang cua kénh truy cap vo

tuyén mai khac so vai tan s6 song mang hién tai.

Nhuoc diém cua chuyén giao cimg 13 c6 thé xdy ra rét cudc goi do chit luong

ctia kénh méi chuyén dén trd nén qua Xau trong khi kénh cii d4 bi cét.

1.6 Diéu khién cong suit trong CDMA

Trong CDMA, diéu khién cong suat dugc thuc hién cho ca duong 1én lan
duong xudng. Vé co ban, diéu khién cong suat duong xudng c6 muc dich nham tdi
thiéu nhidu dén cac cell khac va bu nhidu do cac cell khac gdy ra cling nhu nham dat
duge mirc SNR yéu cau. Tuy nhién, diéu khién cong suat cho duong xudng khong
thuc sy can thiét nhu diéu khién cong suat cho duong 18n. Hé théng CDMA sir dung
cong suat duong xudng nham cai thién tinh ning hé thong bang cach kiém soat

nhiéu tr cac cell khac.

Diéu khién cong suat dudong 1én tac dong 18n cac kénh truy nhap va luu luong.
N6 duoc st dung dé thiét 1ap duong truyén khi khdi tao cudc goi va phan tmg 18n
cac thing giang ton hao dudng truyén 16n. Muc dich chinh cua diéu khién cong suét
duong 18n nham khac phuc hiéu tmg xa-gan bang cach duy tri mic cong suat truyén
dan cta cac may di dong trong cell nhu nhau tai may thu tram gdc véi cling mot

QoS. Do vay viéc diéu khién cong suat duong 1én 1a thuc hién tinh chinh cong suét
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truyén dan ctia may di dong. Hé théng CDMA sir dung hai phuwong phép diéu khién

cong suit khac nhau
e Diéu khién cong suit vong ha (OLPC).
e Diéu khién cong suat (nhanh) vong kin (CLPC).

% Diéu khién cong suat vong trong.

% Diéu khién cong suat vong ngoai.

S

Diéu khién céng suit vong ho

Hinh 1.2 Céc co ché diéu khién cong suat cia CDMA
1.6.1. Piéu khién cong suit vong hé (OLPC)

Mot phuong phap diéu khién cong sudt 1a do su diéu khuéch (AGC-Automatic
Gain Control) & may thu di dong. Trudc khi phat, tram di dong giam sat tong cong
suat thu duoc tir tram gdc. Cong suit do duoc cho thdy ton hao dudng truyén ddi
véi timg nguoi st dung. Tram di dong diéu chinh cong sudt phat ciia minh ty 1¢
nghich voi tong céng sudt ma nd thu duge. Co thé phai didu chinh cong suat & mot
dai dong 1én t6i 80 dB. Phwong phép nay dugc goi la diéu chinh cong suit vong ho,

& phuong phap nay tram gbc khong tham gia vao cac tha tuc diéu khién cong suat.

OLPC sir dung chu yéu dé diéu khién cong suét cho duong 1én. Trong qué
trinh diéu khién cong suat, UE xac dinh cudng do tin hiéu truyén dan bang cach do
dac muc cong suat thu cua tin hiéu hoa tiéu tr BTS & duong Xuéng. Sau do, UE
diéu chinh mirc cong suat truyén dan theo hudng ty 1é nghich véi mirc cong suat tin
hiéu hoa tiéu thu dugc. Do vay, néu muc cong suét tin hiéu hoa tiéu cang Ion thi

murc cong suat phat cua UE (P_trx) cang nho.
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Viéc diéu khién cong suat vong ho 12 can thiét dé xac dinh mirc cong suét phat

ban dau (khi khéi tao két ndi).

Ubdc tinh cudng d6 hoa tiéu

QUE

" P_trx = l/cudng do hoa tiéu =

Hinh 1.3 OLPC duong 1én

1.6.2 Piéu khién cong suat vong kin (CLPC)

CLPC duoc str dung dé diéu khién cong suét khi két ndi d& duoc thiét 1ap.
Muc dich chinh 1 dé bl nhiing anh hudng cta sy bién d6i nhanh ctia murc tin hiéu
v tuyén. Do d6, chu ky diéu khién phai dii nhanh dé phan ung lai sy thay d6i nhanh
clia mirc tin hiéu vo tuyén.

Trong CLPC, BTS diéu khién UE ting hodc giam cong suat phat. Quyét dinh
tang hodc giam cong suat phyu thudc vao muc tin hiéu thu SNR tai BTS. Khi BTS
thu tin hiéu tr UE, n6 so sanh mirc tin hiéu thu véi mot mirc ngudng cho trude. Néu
mc tin hiéu thu duoc vuot qua mirc ngudng cho phép, BTS sé giri 1énh diéu khién
cong suét phat (TPC) téi UE dé giam mirc cong suét phat ciia UE. Néu murc tin hi¢u
thu dugc nhé hon mirc ngudng, BTS sé giri 1énh diéu khién dén UE dé tang muc
cong suat phat.

Quyétdinh _§

diéu khién
cong suat BT

Lénh TPC

Pidu chinh
P_trx cia UE
theo Iénh TPC

Lénh TPC .
biéu chinh
P_trx cia UE
theo Iénh TPC

TPC: Transmit Power Control: Diéu khién cong suit truyén dan.
Hinh 1.4 Co ché diéu khién cong suat CLPC

Céac tham sé duoc s dung dé danh gia chéat luong cong suat thu nham thyc
hién quyét dinh diéu khién cong suat nhu: SIR, ty 1é 16i khung-FER, ty 1& 15i bit

10
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BER. Co ché CLPC ndi trén 1a co ché diéu khién cong suat vong trong va dé co ché

diéu khién cong suat nhanh nhat trong hé théng CDMA.

1.7 Két luan chwong

Mot mo hinh CDMA duoc trinh bay ngén gon trong chwong nay nham nim
bit duoc nhimg 1y thuyét co ban vé hé thing CDMA. Pé tng dung cho viéc truyén
dir lidu di dugc kiém soat ciing nhu duoc bao mat thi cdng viéc trai pho lai 1a rat
quan trong. Do hé thong MC-CDMA tong hop tir cac ky thuat OFDM va CDMA
nén & chuong tiép theo chiing ta s& ban vé k¥ thuat OFDM.

11
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Chwong 2 KY THUAT OFDM

2.1 Giéi thiéu chwong

Ghép kénh phan chia theo tan s6 truc giao OFDM (Orthogonal Frequency Division
Multiplexing) 1a k¥ thuét diéu ché da song mang dugc st dung rong réi trong cac tng dung
vO tuyén 1an hiru tuyén. OFDM duoc chon 1am chuan cho hé thong phat 4m thanh s DAB,
hé thong phat hinh s6 DVB va mang LAN khong day... Uu diém cia OFDM 14 kha ning
truyén dir liéu toc do cao qua kénh truyén fading co tinh chon loc tan sé va sir dung bing
thdng hiéu qua. Ngoai ra, qué trinh diéu ché va giai diéu ché da song mang co thé dugc
thuc hién d& dang nho phép bién ddi Fourier thuan va nghich. Trong chuong nay chiing ta
s& di sdu vao tim hiéu tung dic diém cua OFDM: khai niém, diéu ché da song mang, hé

thong OFDM béng co s6, ky thuat xt 1i tin hiéu OFDM, chén Pilot, tién t6 lap CP...

2.2 H¢ thong OFDM
2.2.1 So' 6 khoi

Dt ligu

Hinh 2.1 So d6 khéi hé thong OFDM
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Nguyén ly lam viéc:

) Pau tién, dong dir liéu vao toc do cao duoc chia thanh nhiéu dong dir liéu
song song tdc do thap hon nhd bd chuyén doi S/P(Serial/Parallel). Mbi dong dir
liéu song song sau d6 dugc mé@ hoda st dung thuat toan FEC(Forward Error
Correcting) va dugc sap xép theo mot trinh ty hdn hop. Nhimng ky tyr hdn hop duogc
dua dén dau vao cua khdi IFFT. Khoi nay s& tinh toan cac mau thoi gian tuong ing
Vvéi cac kénh nhanh trong mién tan sé

J Sau d6, khoang bao vé duoc chén vao dé giam nhidu xuyén ky ty ISI do
truyén trén cac kénh v tuyén di dong da duong. Cudi cling bo loc phia phat dinh
dang tin hiéu thoi gian lién tuc s& chuyén doi 1én tin s6 cao dé truyén trén cac kénh.

e  Trong qué trinh truyén, trén cac kénh s& co cac ngudn nhiu gay anh hudng
nhu nhidu Gausian tring cong AWGN.

o O phia thu, tin higu thu duogc chuyén xudng tan sb thap va tin hiéu roi rac dat
duoc tai bo loc thu. Khoang bao vé dugc loai bo va cac mau duoc chuyén doi tir
mién thoi gian sang mién tan sé bang phép bién doi DFT dung thuat toan FFT. Sau
d6, tiy vao so dd diéu ché dugc str dung, sy dich chuyén vé bién do va pha cua
s6ng mang nhanh s& dugc can bang bang b can bang kénh(Channel Equalization).
Cac Ky ty hdon hop thu duogc s& dugc sap xép nguoc trd lai va dugce giai ma. Cubi

cuing, ching ta nhan duoc dong dit liéu ndi tiép ban dau.

2.3 Ky thuat xir ly tin hiéu OFDM
2.3.1 Ma hoa sira sai truéc FEC
Trong hé thong thong tin s6 ndi chung, ma hoa sua sai truéc FEC (Forward Error
Correcting) duoc sir dung dé nang cao chét lugng thong tin, cy thé 1a dam bao ty sb 16
trong gidi han cho phép ma khéng phai nang cao gia tri ctia ty sé Eb/No (hodc SNR), diéu
nay cang thé hién rd ¢ kénh truyén bi tac dong cia AWGN. M4 héa FEC dugc chia thanh 2
loai ma chinh:
% Makhbi (Block coding)
% M@ chap (Convolutional coding).
Ngoai ra, nguodi ta con dung ma hda Trellis: 1a mot dang ciia ma chiap nhung co

thém phan ma hoa. Bén thu c6 thé sir dung thuat toan Viterbi.
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2.3.2 Phan tan ki tw
Do fading lya chon tan s6 ciia cac kénh vo tuyén dién hinh lam cho nhig nhém

song mang phu it tin cdy hon nhirng séng mang khac. Vi viy tao ra cac chim I5i bit 16n
hon dugc phan tan mot cach ngiu nhién. Hau hét cdc méa sira 16i khong duoc thiét ké dé
stra 16i chum. Do d6, bo phéan tan ki tu duoc tao ra nhim ngau nhién hod su xuét hién cia
nhirng bit 161 trude khi giai ma. Tai bo phat, bang cach nao d6 ngudi ta hoan vi nhitng bit
d4 ma hoa sao cho nhirng bit k& nhau bi cach nhau nhiéu bit. Tai b thu, viéc hoan vi
nguoc lai dugc thuc hién trudce Khi giai mé.

2.3.3 Sap xép )
Vé nguyén tac, co thé ap dung bat ky phuong phap diéu ché nao cho moi song

mang. Dang diéu ché duoc quy dinh boi sb bit & ngd vao va cap gia tri (I, Q) ¢ ngd ra. Tuc
la dong bit trén mdi nhanh dugc sip xép thanh cac nhém cd Nps (1, 2, 4, 8) bit khac nhau
twong ing véi cac phuong phap diéu ché BPSK, QPSK, 16-QAM, 64-QAM.

Nps Dang diéu ché an, by

1 BPSK [+1]

2 QPSK (4-QAM) | [+1]

4 16_QAM [+1][3]

8 64 _QAM [£1][£3][£5]1[x7]

Hinh 2.2 Béang céc gia tri a,, by, theo dang diéu ché

NG6i chung, md hinh diéu ché tuy thudc vao viéc dung hoa gitra yéu cau téc do truyén
dan va chit luong truyén dan. Mot vu diém dic biét hira hen cho cac ung dung da phuong
tién sau nay la mé hinh diéu ché khac nhau c6 thé dugc ap dung cho cac kénh (séng mang
phu) khac nhau, ching han cho céc 16p dich vu khac nhau.

2.3.4 Str dung IFFT/FFT trong OFDM ‘
OFDM I3 k¥ thuat diéu ché da song mang, trong d6 dit liéu duoc truyén song song

nho rat nhiéu song mang phy. Bé lam duoc diéu ndy, cir mdi kénh phu, ta can mot may
phét s6ng sin, mot bo didu ché va mot bo giai diéu ché. Trong trudng hop sb kénh phy 1a
khé& 16n thi cach [am trén khong hiéu qua, nhiéu khi 1a khéng thé thuc hién dugc. Nhim
giai quyét vin dé nay, khdi thuc hién chirc ning bién d6i DFT/IDFT dugc dung dé thay thé
toan bo cac bo tao dao dong s6ng sin, bo diéu ché, giai diéu ché dung trong mdi kénh phu.

FFT/IFFT dugc xem la mot thuat toan giip cho viéc thuc hién phép bién doi
DFT/IDFT nhanh va gon hon.
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Chuong 1. CONG NGHE CDMA
2.3.4.1 Phép bién doi

DFT la phép bién d6i Fourier roi rac (Discrete Fourier Transform), thuc hién chuyén

d6i tin hiéu x(n) trong mién thoi gian sang tin hiéu trong mién tan s6 X(k). Phép bién d6i
IDFT la quéa trinh nguoc lai, thuc hién chuyén d6i phd tin hiéu X(k) thanh tin hiéu x(n)
trong mién thoi gian.

Gia su tin hiéu x(n) c6 chidu dai 1a N (n = 0,1, 2, ..., N-1). Cong thirc cta phép bién
d6i DFT 1a

N-1
k
X(k)= ) x(NWF k=01, .. N1 3.9)
n=0
_j2n
Trong d6 W, dugc xac dinhla W =€ Iy (3.10)
Do vay, W c6 giatrila
nk _ ] 2 ikn
Wy=€e " (3.11)
. Cong thtrc caa phép bién doi IDFT la
N-1 ‘
x(n) =+ XKW n=0,1, .., N-1 (3.12)
k=0

o Chuyén d6i Fourier nhanh(FFT) 1 thuat toan gitip cho viéc tinh todan DFT nhanh va
gon hon. Tir cong thic (3.9), (3.12) ta thiy thoi gian tinh DFT bao gom

% Thoi gian thyc hién phép nhan phuec.

% Thoi gian thic hién phép cong phirc.

¢ Thoi gian doc cac hé s6 Wh.

% Thoi gian truyén s liéu.

Trong d6 chu yéu 1 thoi gian thyc hién phép nhan phic. Vi vay, mudn giam
thoi gian tinh todn DFT thi nguoi ta tap trung chi yéu vao viéc giam thoi gian thuc
hién phép nhan phirc. Ma thoi gian thyc hién phép nhan phirc ti 1¢ voi sb phép nhan.
Do d6 dé giam thoi gian tinh DFT thi nguoi ta phai giam duogc sd lugng phép tinh
nhanh bang cach sir dung thuat toan FFT. Dé tinh truc tiép can N2 phép nhan. Khi

tinh bang FFT s phép nhan chi con %Iog2 N . Vi vay téc do tinh bang FFT nhanh

hon tinh tryc tiép 1a :
log, N

Ngoai ra FFT con c6 uu diém gitp tiét kiém bd nhé bang cach tinh tai chd.
2.3.4.2 Ung dung FFT/IFFT trong OFDM
e S0 d0 khdi ctia hé thong OFDM sir dung FFT hinh 2.3
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Dir liéu
nhi phan ra

Hinh 2.3 So d6 khi cua hé théng OFDM dung FFT

o Tai may phat, tin hiéu duoc dinh nghia trong mién tan s, 1a tin hiéu sé d& dugc lay
mau, va dugc dinh nghia nhu phé Fourier roi rac ton tai chi tai tn sb roi rac. Mdi song
mang OFDM twong tng voi mot phan tir cua phd Fourier rdi rac.  Bién d6 va pha cua
cac song mang phu thudc data dugc truyén. Sy chuyén tiép data dugce dong bo tai cac song
mang,va c6 thé xu 1y cting nhau, symbol by symbol.

Xét mot chudi data(d,, di, d,...,dn1), trong d6 dp=as+jbn (anbi=+1 véi
QPSK,a, b= £1,£3 vdi 16QAM,...)

.27z'kn

N—l N_l _Ji
_ —j(2mm/N) _ Z N
Dm o Zdne o dne V6ik=0,1,2,... N-1 (3.13)
n=0 n=0

trong d6 f, =n/(AT), ti=kAt va At la khoang thoi gian ky tu duogc lua chon mot cach tuy

y cuia chudi dn. Phan thuc ctia vector D c6 thanh phan

N-1

Y =Re{D,}= ;[an cos(2f,t,,) + b, sin(27f,t,)]  k=0L..,N-1 (3.14)

Néu thanh phan ndy qua bo loc thong thap trong khoang thdi gian At, tin hiéu dat dugc gan

dang véi tin hiéu FDM
N-1
y(t) =Y a,cos(27f t,) +b,sin(2Af t,) 0<t<NAt (3.15)
n=0

e Hinh (3.9) minh hoa qua trinh FFT caa hé thong OFDM co s6. Dau tién, data vao
dugc chuyén tir ndi tiép sang song song va dugc nhom thanh x bits dudi dang mot sd
phtrc. S6 x xac dinh chom sao tin hiéu cua song mang twong tmg, nhu 16QAM hoic

32QAM. Sé phirc duoc didu ché trong bang gdc bang thuat toan IFFT va dugc chuyén trd
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lai thanh data ndi trén duong truyén. Khoang bao vé duoc chén giita cic ky tu dé tranh

ISI. Cac ky tu ri rac duoc chuyén thanh analog va LPF d6i voi trén tin sb RF.
e May thu thyc hién qua trinh ngugc lai cia may phat. Mot bd tap-equalizer duoc sir

dung. Hé sb tap(tap-coefficents) cua bé loc dugc tinh toan dya trén thong tin kénh.

2.4 C4c van dé ky thuit trong OFDM

OFDM la giai phap ky thuét rat thich hop cho truyén dan vé tuyén téc do cao. Tuy
nhién, dé c6 thé dem ap dung vao cac hé thong, c6 ba van dé can phai giai quyét khi thuc
hién h¢ théng sir dung OFDM:

% Udc luong tham sb kénh.
< Ddng bo séng mang

Vin d¢ thir nhat lién quan truc tiép dén chi tiéu chat luong hé théng OFDM néu
dung phuong phap giai diéu ché lién két, con hai van dé sau lién quan dén viéc xir Iy céac
nhuoc diém cia OFDM. Ngoai ra, dé ning cao chi tiéu chat lugng hé thong, ngudi ta sir
dung md héa tin hiéu OFDM.
2.4.1 Uéc lwong tham sb kénh

Udc lugng kénh (Channel estimation) trong hé théng OFDM 1a x4c dinh ham
truyén dat cta cac kénh con va thoi gian dé thuc hién giai diéu ché bén thu khi bén
phat st dung ki€u dicu ché ket hop (coherent modulation). D€ ude luong kénh,
phuong phéap pho bién hién nay 1a dung tin hiéu dan duong (PSAM-Pilot signal
assisted Modulation). Trong phuong phap nay, tin hiéu pilot bén phat su dung 1a tin
hiéu d4 dugc bén thu biét truée vé pha va bién do. Tai bén thu, so sanh tin hiéu thu
duoc véi tin hiéu pilot nguyén thity sé& cho biét anh hudng cia cac kenh truyén dan
dén tin hi¢u phat. Udce luong kénh c6 thé duoc phan tich trong mién thoi gian va
trong mién tan sd. Trong mién thoi gian thi cac dap Ung xung h(n) cua cac kénh con
dugc wdc luong. Trong mién tan s thi cAc dap tmg tan sd H(k) ctia cac kénh con

dugc udc lugng. Cé hai van dé chinh dugc quan tam khi st dung PSAM :
e Vin dé thtr nhat 13 lya chon tin hiéu pilot : phai dam bao yéu ciu chong nhiu, han

ché ton hao vé niang lwong va bang thong khi sir dung tin hiéu ndy. Véi hé théng
OFDM, viéc lyra chon tin hiéu pilot c6 thé duoc thyc hién trén gian d6 thoi gian-tan
s6, vi vay ky thuat OFDM cho kha ning lya chon cao hon so v6i hé théng don song
mang. Viéc lya chon tin hiéu pilot anh hudng rat 16n dén cac chi tiéu hé thong.

e Vin dé tht hai 12 viéc thiét ké bo uéc luong kénh: phai giam dugc do phuc tap caa
thiét bi trong khi van dam bao dugc d chinh xac yéu cau. Yéu cau vé toc do thong
tin cao (tirc 1a thoi gian xir Iy giam) va cac chi tiéu hé thong 1a hai yéu cau nguoc

nhau. Chiang han, bo u6c lugng kénh tuyén tinh téi vu (theo nguyén 1y binh phuong
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161 nhé nhat-MSE) 1a bo loc Wiener hai chiéu (2D-Wiener filter) c6 chi tiéu ky

thuat rat cao nhung ciing rat phirc tap. Vi vay, khi thiét ké can phai dung hoa hai
yéu cau trén.

2.4.2 Pong bd trong OFDM

Pong bo 1a mot trong nhimg van dé dang rat duge quan tdm trong k¥ thuat
OFDM béi n6 c¢6 ¥ nghia quyét dinh dén kha ning cai thién cac nhuoc diém cua
OFDM. Chang han, néu khong dam bao sy dong bo vé tan s6 song mang thi s& dan
dén nguy co mat tinh tryc giao gitra cac song mang nhanh, khién hé théng OFDM
mat di cac uu diém dic trung nhd su tryc giao nay. Trong h¢ thong OFDM, nguoi ta
xét dén ba loai dong bd khac nhau 1 : dong bo ky tu (symbol synchronization),
dong bo tan s6 song mang (carrier frequency synchronization), va déng bo tan sd
ldy mau (sampling frequency synchronization).

2.4.2.1 Pong bj ky tu

Pong bo ky ty nham xac dinh chinh xac thoi diém bat dau mot ky ty OFDM.
Hién nay, vdi ky thuat st dung tlen to lap (CP) thi dong bo ky tu da duoc thyc hién
maot cach dé dang hon. Hai yeu t6 can duoc cha y khi thyc hién dong bo ky tu 12 1561
thoi gian (timing error) va nhiéu pha song mang (carrier phase noise).
% Loi thoi gian

Ldi thoi gian gy ra su sai 1éch thoi diém bat dau mot ky tw OFDM. Néu 15
thoi gian da nhé sao cho dap tmg xung cta kénh vin cOn nam trong chiéu dai
khoang tién t6 1ap (CP) thi hé thong vin dam bao sy truc giao giita cac sdng mang.
Trong trudng hop nay thi thoi gian tré ciia mot ky ty duge xem nhu 1a do dich pha
cua kénh truyén va do dich pha nay duoc xac dinh nho k¥ thuat udc lugng kénh.
Trong trudng hop nguoc lai, néu chiéu dai cuia CP nho hon 15i thoi gian thi hé thong
s& xuat hién 16i ISI. C6 hai phuong phap dé thyc hién dong bo thoi gian, d6 1a :
dong bo thoi gian dwa vao tin hiéu pilot va dong bo thoi gian dya vao tién t6 lap.

% Nhiéu pha séng mang

Nhiéu pha séng mang 1 hién tuong khong 6n dinh vé pha cia cac song mang
do sy khong on dinh cua bg tao dao dong bén phat va bén thu.
2.4.2.2 Dong b tan so0 song mang

Trong dong bo tan s6 song mang, hai van dé chlnh duoc quan tam dén 1a : 15i
tan sb (frequency error) va thuc hién udc luong tan sb.
% L&i tan sb

L3i tan sb duoc tao ra do su khac biét vé tan sd gitra hai bg tao dao dong bén
phat va bén thu, do do dich tan Doppler, hoic do nhiu pha xuat hién khi kénh
truyén khong tuyén tinh. Hai anh hudng do 16i tan s6 gdy ra 12 : suy giam bién do
tin hiéu thu dugc (vi tin hiéu khong dugc 1y mau tai dinh cia mdi song mang hinh
sin) va tao ra nhidu xuyén kénh ICI (vi cic s6ng mang bi mat tinh truc giao).

< U'éc lwong tin so

Tuong tu nhu k¥ thuat d@)ng bo ky tu, dé thuc hién déng bo tan sb, c6 thé su
dung tin hi¢u pilot hodc sur dung tién t0 l1dp. Trong k¥ thuat sir dung tin higu pilot,
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mot s6 song mang duogc sir dung dé truyén nhiing tin hiéu pilot (thudng 1a cac chudi
gia nhiéu). Sir dung nhimg ky tu d4 biét trudc vé pha va bién do s& giup ta udc
lugng dugce do quay pha do 16i tan sd gy ra. Dé ting d6 chinh xac cho bd wdc
lugng, nguoi ta sir dung thém céc vong khoa pha (Phase Lock Loop-PLL).

Nhén xét : Mot van dé can duoc quan tim dén 1a mdi quan hé giira dong bo ky tur
va ddng bo tan s6 song mang. Pé giam anh huong cua sy mat dong bo tan sd song
mang thi ¢6 thé giam s6 luong séng mang, ting khoang cach giita hai song mang
canh nhau. Nhung khi giam s song mang thi phai giam chu ky cia mdi ky tu trén
mdi séng mang, dan dén viéc dong bo ky tur rat kho khan va phai chit ché hon. Picu
d6 chimg to hai van dé dong bo trén c6 quan hé chat ché 1an nhau, can phai co sy
dung hoa hop 1y dé hé théng dat duoc cac chi tiéu ky thuat dé ra.

2.4.2.3 Pong bd tin s lay mau

Tai bén thu, tin hiéu lién tuc theo thoi gian thu dugc 14y mau theo dong hd bén
thu, vi vay s& xuat hién su bat dong bo giita dong ho bén phét va bén thu. Nguoi ta
dua ra hai phuong phap dé khac phuc sy bat dong bo nay. Phuong phap thir nhat 1a
st dung bo dao dong diéu khién bang dién ap (Voltage Controlled Oscillator-VCO).
Phuong phap thir hai dugc goi 12 : ldy mau khong dong bo; trong phuong phap nay,
cac tan sd lay miu van duoc gilt nguyén nhung tin hiéu duoc xir 1y s6 sau khi lay
mau dé dam bao su dong bo.

2.5 Pic tinh kénh truyén trong ky thuit OFDM

2.5.1 Sy suy hao

Suy hao la sy suy giam cong sudt tin hidu khi truyén tir diém nay dén diém khéc.
N6 1a két qua cta chiéu dai duong truyén, chudng ngai vét va hiéu ting da dudng. Dé giai
quyét van dé nay, phia phat thuong duge dua 1én cang cao cang tot dé toi thiéu sé luong
vat can. Cac viing tao bong thudng rat rong, toc do thay ddi cong suét tin hiéu chdm. Vi

thé, no con dugc goi la fading chdm.

b amplitude

time or positicn

frequency
Hinh 2.4 Dép tg tan s6 cua kénh truyén da dudong
2.5.2 Tap am trang Gaussian
Tap 4m tring Gaussian ¢ mat d6 phd cong suat 1a dong déu trong ca bang thong va
tuan theo phan bé Gaussian. Theo phuong thic tac dong thi nhidu Gaussian 13 nhiéu cong.

Nhi&u nhiét-sinh ra do sy chuyén dong nhiét cia cac hat mang dién giy ra-1a loai nhiéu
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tidu biéu cho nhidu Gaussian tring cong tic dong dén kénh truyén dan. Pic biét, trong hé
thong OFDM, khi s6 song mang phu 1 rat 1on thi hau hét cac thanh phan nhidu khéc ciing
c6 thé dugc coi 1a nhiéu Gaussian tring cong tac dong trén timg kénh con vi xét trén ting
kénh con riéng I¢ thi dic diém cua cac loai nhiu ndy thoa mén céc diéu kién cua nhiéu
Gaussian trang cong.

2.5.3 Fading Rayleigh

Fading Rayleigh 1a loai Fading (Fading phang) sinh ra do hién tuong da dudng
(Multipath Signal) va xac suat mic tin hiéu thu dwoc suy gidm so véi mic tin hiéu phat di
tudn theo phan bé Rayleigh. Loai fading ndy con duoc goi 1a fading nhanh vi sy suy giam
cong suit tin hi¢u rd rét trén khoang cach ngin (tai cac nira budc song) tir 10-30dB.

Trong moéi truong da duong tin hi¢u thu dugc suy giam theo khoang cach do su
thay ddi pha ciia cac thanh phan da duong (thay d6i pha 1a do cac thanh phan tin hi¢u dén

may thu vao cac thoi diém khac nhau dén tré lan truyén. Tré lan truyén s& gy ra su xoay

% Feflected

i T Patliz
u

pha cua tin hi¢u).

i -

-

-
e

Tranzmitter

Hinh 2.5 Cé&c tin hi¢u da duong

Fading Rayleigh gay ra do sy giao thoa (ting hodc giam) boi su két hop cia céc
song thu duogc. Khi bd thu di chuyén trong khong gian pha gitra cac thanh phan da dudng
khac nhau thay ddi gay ra giao thoa ciing thay doi, tir ¢6 din dén sy suy hao cong suit tin
hiéu thu duoc. Phan bd Rayleigh thuong duoc st dung dé mo ta trang thai thay d6i theo
thoi gian cua cong suét tin hiéu nhan dugc.

2.5.4 Fading lwa chon tan so

Trong truyén dan vé tuyén dap tmg pho ciia kénh 1a khdng bang phang, no bi doc
va suy giam do phan xa dan dén tinh trang c6 mot vai tan s bi triét tidu tai dau thu. Phan

Xa tlr cac vat gan nhu mat dat, cong trinh xay dung, cay cdi c6 thé dan dén cac tin hiéu da
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duong c6 cong suit twong ty nhu tin hiéu nhin thing. Diéu ndy s& tao ra cic diém
“0”(nulls) trong cong suat tin hi¢u nhan duge do giao thoa.

2.5.5 Trai tré

Trai tré (Delay spread) 1a khoang chénh léch thoi gian gitra tin hiéu thu truc tiép va
tin hiéu phan xa thu dugc cubi cling tai bo thu do hiéu tmg da dudng. Trong thong tin vo
tuyén, trai tré c6 thé gay nén nhidu xuyén ky tu ISL. Diéu ndy I do tin hiéu sau khi trai tré
c6 thé chong 14n dén cac ki ty 1an can. Nhidu xuyén ki ty s& ting khi tbc d6 tin hiéu ting.
Diém bat dau cua hiéu Ung ting dang ké khi trai tré 16n hon khoang 50% chu ky bit. Trong
k¥ thuat OFDM, toc d6 tin hiéu giam sau khi qua bd S/P 1am cho chu ky tin hiéu ting. T
d6 1am gidm nhiéu ISI do trai tré.

Direct Sigmal
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Hinh 2.6 Trai tré da duong
2.5.6 Dich Doppler

Khi b phat va bo thu chuyén dong tuong dbi voi nhau thi tin s cua tin hiéu tai bo
thu khdng gidng véi tan s tin hiéu tai bo phat. Cu thé 1a : khi ngudn phat va ngudn thu
chuyén dong hudng vao nhau thi tan s6 thu duoc s& I6n hon tan s6 phat di, khi ngudn phat
va nguédn thu chuyén dong ra xa nhau thi tan s thu duoc s& giam di. Hiéu ung nay dugc

goi la hiéu tng Doppler.

2.6 Pic diém va wng dung ciia ky thuait OFDM

2.6.1 Uu diém ciia ky thuit OFDM
Dudi day 1a cac uu diém chinh cua k¥ thuat OFDM:
% Kha ning chong nhidu ISI, ICI nho k¥ thuat giam tdc do tin hiéu bang by S/P, sir
dung tién t6 lip CP, cac song mang phu tryc giao v4i nhau.
% Hiéu suat st dung phd cao hon so v6i FDM do phd cua cac song mang phu c6 thé

chdng phu 18n nhau ma van dam bao chat lugng tin hidu sau khi tach song,
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Conventional Freguaney Division Multiplex (FDM} multicarrier modulation techrigns

Saving of the bandwridth
- - frequency

Orthogoral Frequency Division Multiplex (OFDM) mmlticarrier modulation teckoigue

Hinh 2.7 So sénh viéc sir dung bang tin cia FDM va OFDM
% Céc kénh con c6 thé coi 1a cac kénh fading phing nén c6 thé dung cic bo can bang
don gian trong subt qua trinh nhan thong tin, giam do phirc tap ciia may thu.
% Diéu ché tin hidu don gian, hiéu qua nho s dung thuét toan FFT va céc bo ADC,
DAC don gian.

2.6.2 Nhwoc diém ciia kj thuait OFDM
Bén canh nhirng vu diém thi h¢ thong OFDM c0n ton tai nhiéu nhugc diém:

% Hé thong OFDM tao ra tin hiéu trén nhiéu séng mang, dai dong cua tin hiéu 16n
nén cong suat trong ddi cuc dai PAPR 16n, han ché hoat dong cua bo khuéch dai
cong Suat.
% D& bi anh huong cia dich tin va pha hon so voi hé théng mot song mang, Vi vay
phai thyc hién tot déng b tan sb trong hé théng.
Cung Vvoi cac nhuge diém trén, it ¢6 nhu cau OFDM trong thong tin ¢6 dinh do cic hé
thong hién tai van dang hoat dong tot va hiéu qua, 1a nguyén nhan viéc trién khai san pham
méi dat mic khiém t6n trong khi wu diém cta hé thong sir dung ky thuat nay rat rd rang.

2.6.3 Ung dung ciia k§ thuat OFDM
Hién nay, OFDM d& dugc khuyén nghi str dung trong cac hé thong thong tin sé toc

d6 cao nhu phat thanh va truyén hinh s6 va s& duoc ing dung trong hé thong thong tin di
dong twong lai nhu hé thong LAN vo tuyén, cac cong nghé truyén din sé téc do cao:
ADSL, VDSL... OFDM ciing 12 mot giai phap day hira hen dé thyc hién hé théng théng
tin di dong da phuong tién (G4).

2.7 Két luan chwong

Trong chwong nay, chung ta ¢4 tim hiéu tong quat vé& hé thing OFDM. N6 cho thiy
rang day 1a mot giai phap cong nghé day hta hen. Ky thudt OFDM khong phai 12 mot k§
thuat da truy nhap vi tat ca cac song mang dugc diéu ché bang dit liéu ciia ciing mot thué
bao. Pé hd trg nhiéu thué bao, OFDM phai dugc két hop v6i mot ki thuat da truy nhép.
Cong nghé MC-CDMA la sy két hop gitta OFDM va CDMA. Vi thé, & chuong tiép theo
chling ta s& cling tim hiéu vé& cong nghé MC-CDMA.,
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Chuong 3 HE THONG MC-CDMA

3.1 Gidi thiéu chwong

Nhirng nghién ciru gan diy cho thay viéc két hop nguyén li CDMA va OFDM
cho phép chiing ta sir dung bing thong rat hiéu qua va vin dat dwoc nhirng vu
diém ciia hé thong CDMA. Viée két hop OFDM-CDMA 13 k§ thuat rat hiru ich
cho h¢ thdéng 4G, h¢ théng cung cip toc do dir liéu cao va dang tin ciy. Mot
trong nhirng hé thong nay 12 MC-CDMA. Trong chwong nay chiing ta sé di vao
phan tich nhirng diic diém co ban ciia hé thong da truy nhip MC-CDMA: khai
ni¢m, phan loai, md hinh h¢ thong, cong nghé¢ phat, thu tin hi¢u MC-CDMA,
dang toan hoc ciia tin higu phat va thu MC-CDMA. Phin tiép theo s& dé cap

dén cac ky thuit tich song d4 dwoc sir dung ciing nhu dang dwoe nghién ciru.

3.2 H¢ théng MC-CDMA

3.2.1 Khéi nigm MC-CDMA
MC-CDMA (MultiCarrier CDMA) la mot hé théng da truy nhap méi dua trén viéc

két hop giita CDMA va OFDM. Khéc v§i CDMA trai phd trong mién thoi gian thi MC-
CDMA trai phd trong mién tan sb. Cong nghé ndy st dung k¥ thuét ghép kénh phan chia
theo tan sé truc giao OFDM dé phat tin hiéu trén tap song mang phu truc giao.

3.2.2 So db khoi

Digital
to Up
Analog converter
LPF

Parallel Guard

to Interval
converte Insertion

Jta Serial to Guard
p¢ FFT < parallel Interval il
d > Digital converter
converter Sl Removal LPF

Hinh 3.1 So d6 khdi cia hé théng MC-CDMA
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3.3 May phat

May phat MC-CDMA trai tin hiéu bing géc trong mién tin s6 bing mdt ma
trai cho truéc. Ngodi ra, mdi phin ciia Ky tw twong ng véi mét chip cia ma
trai dwoc diéu ché bing mét song mang phu khac nhau. Pdi v6i truyén da song
mang, chiing ta cin dat dwge fading khong chon loc tin s6 trén mdi song mang.
Vi thé, néu toc dd truyén cia tin hiéu géc di cao dé tré thanh ddi twong ciia
fading chon loc tan sb thi tin hiéu cin chuyén tir ndi tiép sang song song truéc
khi dworc trai trong mién tin so.

3.3.1 Qué trinh tgo ra tin higu MC-CDMA theo thir tir sau )
Chuoi dir liéu ngd vao cé toc do bit 1a 1/T;, dwgec dieu che BPSK, tao ra

cac ky tw phirc ay

Ludng théng tin ndy a, dwoc chuyén thanh P chudi dir liéu song song
(aro(i), ax1(i), ..., axpa(i)), trong d6 | ky hiéu cho chudi ky tw thir I (mdi khoi
gom P ky tu).
M@i ngd ra ciia bd bién déi ndi tiép/song song dwoe nhin véi ma trai pho cia
nguoi dung thir k (di(0), di(1),.. d(Kmc-1))co chiéu dai Kyc dé tao ra tit ca
N=P.Kuc(twong ng véi tong sé6 song mang phu) ky tw méi. Mi ky hiéu (ky
tw) méi ndy c6 dang twong tw nhw mét ky tw trong hé thong OFDM (chwong
2). Vi du xét nhianh song song thit 0, mdi ky tw OFDM bay giv la
Sik=ako(i).dk(K) véi k=0,1.,....., Kpc-1.

Y |:| |:| |_| dk&}vﬁ:'l)
L L

o daiﬂ) ....... *ms['lmﬂ.ft] ............
, - IDFT
Ludng di¥ @7
cia lign " ] cos{ 27 )
use thir K : Chen = _[t)
dd digu ché khoang M
dur -
phong
It

Hinh 3.2 May phat MC ~CDMA

Do sw twong tw giira cac Ky tw trén mdi nhanh con ciia hé thong MC-CDMA va

hé thong OFDM nén viéc diéu ché séng da mang tai bing tin goc cé thé dwoc
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thwee hién bang phép bién déi nghich Fourier roi rac (IDFT). Sau dé,tin hiéu
OFDM tir P nhanh dwgc tong hop véi lai nhau.

Khoang dw phong A (quard interval) dwoc chén vao dwéi dang tién té vong
(CP) giira cic ky tw dé tranh ISI do fading da dwong va cudi cung tin hiéu
dwoc phat trén kénh truyén sau khi @i tin 1én RF.

Tin hi¢u phat biing goc dang phirc nhw sau:

+o0 P-1 Kyc-1

Sko - a,, (i), (mp, (t - iTS')ejZn(Pmm)Af'(t_iTs’)
i=—0p=0 m=0 '
(3.2)
T,=PT;
(3.2)
Af = ,1
T, -A
(3.3

Trong d6:d.(0), di(1),.. d(Kmc-1) 1& ma trai phd véi chiéu dai Kyc.

T, 1a khoang ki hiéu trén mdi séng mang phu.

Af" 12 khoang cach tin s6 nhé nhit giira hai song mang phu.

B 1a h¢ s6 mé bing thong két hep véi chén khoang duw phong (0< 8 <1):
B=A/PT,

(3.4)

ps(t) 1a dang xung vuong dwoc dinh nghia:

L-A<t<T,-A
Ps()= {O, t=
(3.5)
(P*Kne-1)/(T's-A)+2/ T's= (1+ B)Kwc/Ts
Bang thong cua tin hiéu phat dugc tinh nhw sau:
Bumc = (P.Kye-D)/I(T's-A) +2/ T,
(3.6)
Nhan xét:

Khong c6 thao tac trai pho trong mién thoi gian (tir (3.1))
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Cong thire (3.2) cho thay rang khoing ky tw tai mi mirc song mang phu gip P
lan khoang ky tw goc do viéc chuyén doi tir ndi tiép/song song.
Mic dU khoang cach giira cic song mang phu tdi thiéu dwoc cho béi (3.3)

nhung khoang cich giira cic séng mang phu cho mdi a (i) lai 12 PI(Ts-A).

3.4 May thu MC-CDMA
B thu 1a b OFDM thém vao mdt cong viée két hop dé tiach dir liéu dwoce phat
dbi v6i mdi nguoi sir dung mong mudn.
Gia sir h¢ thong MC-CDMA ¢6 K ngudi dung dang truy cép, tin hi¢u bung goc
nhan dwgc c6 dang:

K1+

rMC(t) :Z J. Sbc(t_f)hk

k=0 _o
+oo P-1 Kyc-1K-1

= z z hrn,pak,p (i)d;ps (t— i-l—s')ejZn(Pmm)Af'(t_iT;) +n()
(3.7)
Trong do:
hkm,p(t): dudng bao phirc thu dwgc tai song mang phu thir (mP+p) cua nguoi sir
dung thir k.

hi(t,) 13 dap wng xung cia kénh truyén wng véi nguwoi dung thir k ¢6 dang:
N-1
hi(t)= 3 a, (t 7) expl2nf, (1) + ¢ (t )l — 7, (1))
i=0

(3.8)

véi t va T la thoi gian va d@d tré, a;(t,) va i(t) twong g 1a bién dd thue va bién
do tré qua cia thanh phian da dwong thir i & thoi diém t, pha 2 biéu dién do
léch pha do sy lan truyén trong khong gian tw do ciia thanh phin da dwong
thir i cong véi bat ki @9 dich pha bit gip trén dwong truyén.

n(t) la nhiéu Gauss cé gia tri trung binh bang 0 va mat d9 phé cong suat hai
phia No/2.

Bo thu MC-CDMA yéu ciu viéc tach séng dwoc thwc hién ddong b dé thao tac
giai trai pho (despreading) thanh cong.
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cos(Z2wizt

v
——Ir{:§EZ>——lF—

Tin higu
thu
b 1 Cal i oy

Hinh 3.3 May thu MC-CDMA
Hinh (3.3) biéu dién b thu MC-CDMA cho nguwoi sir dung thir k. Qua trinh

tach song tai may thu theo thir tu sau:
Sau khi ddi tin xuéng va khir khoang dw phong, cac séng mang phu thir m
(m=0,1, ....,Kuc-1) twong tng véi dir ligu thu 13 a, (i), diu tién dwge tich dong
bd véi DFT, ta thu dwgc gid tri trén mdi nhanh 13 y,(m).
Tiép theo nhan y,(m) véi dd lgi Gy(m) dé két hop ning lwgng tin hi¢u roi rac
trong mién tan sb, va bién quyét dinh 1a tong ciia cac thanh phan bing gbc cé
trong s0:
Kye -1
D (t=iT) = mZ,) G, (m)y(m)
(3.9
K
y(m)=>zs(iT,)a,dy +n(iT,)
k=1

(3.10)
Trong d6: y(m) la thanh phin dai nén cia tin hiéu nhian dwoc sau khi da
chuyén ddi xudng.

Nm(iTs) 12 nhiu Gauss phire ciia séng mang phu thit i tai thoi diém t=iT..

3.5 Kénh truyén

Kénh truyén fading Rayleigh chon tin s6 bién d6i chim 13 kénh truyén dién
hinh trong hé théng MC-CDMA bing rong. Kénh truyén ciia hé thong cé bing
thong rong dwec chia thanh N kénh bing hep ma mdi kénh nhw vy chi chiu
tac dong ciia fading phing (fading khong c6 tinh chon loc tin sb), nghia 1a chi

c6 mot hé so do lgi trén mdi kénh phu (hinh 3.4). Vi méi kénh truyén phu cé do

27



Chuong 1. CONG NGHE CDMA

lgi khac nhau nén khi xét dén kénh truyén ciia h¢ thong thi n6 1a kénh truyén

c6 tinh chon loc tan sd.
Pi¢u ki¢n dé tinh chon loc tin so ciia kénh truyén thé hién trén toan bing
thdng ciia tin hiéu phat va khong thé hién trén tirng song mang phu 1a:
Af <B.<BW

(3.11)
Trong d6 B 1a : bing thong lién két ciia kénh truyeén.

Af 14 toc do ky hiéu cua dit liéu phat.

BW la bang thong téng ciia hé thong.
Bing thong lién két (két hop) B, 12 mot don vi thong ké do cac dai tan s6 ma
trong khoing tan s6 nay kénh truyén dwoe coi 1a “phang” (kénh truyén cho
qua cac thanh phan pho c¢6 dd loi xap xi bang nhau va c6 fading tuyén tinh).
NGi mét cach khac, biang thong lién két dai tin s6 ma trong d6 kha niing twong
quan bién d9 cia hai thanh phin tin so rat l6n. Hai tin hi¢u sin c¢6 khoang
phan chia tan s6 16n hon B, sé bi kénh truyén giy dnh hwéng khac nhau.

Bing hep
thri

| | | | | | | |
I [ | I r | | | | T
11 2 b £y i 2 i 8

Bing thing tdng
ciia hi thing

Hinh 3.4 Anh huéng ctia kénh truyén fading c6 tinh chon loc tan s6
Ién timg bang tan hep

Néu ham twong quan tin s6 16n hon 0,9 ta cé:

B: = L
508,
(3.12)
Néu ham twong quan tin s6 I6n hon 0,5 ta cé:
1
B, —
¢ BS,

(3.13)
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Néu kénh truyén c6 biang thong lién két thoa diéu kién (3.11) thi kénh truyén

¢6 dap wng xung cho béi (3.8) c6 thé dwoc xem nhw 13 mdt tip hop ciia nhiéu
kénh truyén phu bing hep. Mdi kénh truyén phu c¢6 dap ving xung dang nhu
Sau.

hi= o,e®
(3.14)
trong d6: o, va ¢ la lwgt 1a bién d9 va pha cia kénh truyén fading trén kénh
truyén phu thir i hay séng mang thir I; ¢ 12 bién ngiu nhién c6 phan bé déu
trong doan [0,2 7]
Céc hé so fading o, cO phan bo Rayleigh twong quan nhau (khong ddc lap
thong ké) va thay do6i qua tirng ky hiéu ciia dir liéu phat.
Poi v6i hé thong MC-CDMA, diéu kién (3.11) dé mdi song mang phu trai qua
fading phing ludn thoa vi téc dd bit cao, nghia 1a Af I6n, chudi bit vao sé dugc
chuyén thanh P nhanh song song. Khi d6, toc d bit trén mdi nhanh sé& giam di
P lan. Vi vy, dap rng xung ciia mdi kénh truyén phu twong vng véi mdi song
mang phu c6 dang phwong trinh (3.14).
Hé s6 twong quan giira fading ciia séng mang phu thi i va thir j dwoc cho béi:

1
1+|(f, -,) /B,

Pij =
(3.15)

3.6 Cac ky thuat do tin hi¢u ( Detection algorithm)

Dir liéu ciia ngwoi ding sé dwgc khdi phuc nhé mdt sé6 phwong phap két hop
nham tin dung méd hinh phan tap tin s6. Muc tiéu chinh ciia cac phwong phap
két hop nay (ky thuidt do tin hiéu) 1a lwa chon cac trong sé Gi(m) sao cho
nhiu Gauss va nhiéu MAI dwgc toi thiéu hoi. C6 4 phwong phap két hop:
3.6.1 Phwong phdp Két hop khéi phuc tinh triwe giao ORC:

Phwong phap ORC khoi phuc tinh truc giao giira cac ngwdoi dung ngay ca khi
c¢6 fading, nghia 1& cho phép cac bién trén mdi nhanh két hop véi nhau theo
cach loai bé nhiéu da truy cip MAL Tuy nhién, nhiéu trén cac nhanh cé bién

do séng mang phu chii yéu ¢é6 khuynh hwéng dwoe khuéch dai manh va céc

29



Chuong 1. CONG NGHE CDMA

s6ng mang phu nay dwge nhin véi dd loi 16n dé bién do méi bang 1. Anh
hwéng ciia viée khuéch dai nhiéu nay 1am ting BER ciia hé thong.
Chu ¥ ring: ORC chi 4p dung cho tuyén xudng ciia h¢ thong thong tin di dong
MC-CDMA béi vi @i véi tuyén 1én (MS dén BS), tin hi¢u tir cic ngwoi dung
dén tram goc véi @9 tré khac nhau va dap wng kénh truyén ciia mdi nguwoi
dung ciing khac nhau nén cho di cac ma trai pho ¢6 hoan toan truc giao thi
phuwong phap ORC ciing khong dat dwgc muc tiéu nhu tén goi cia nd.
3.6.2 Phwong phdp két hop khéi phuc tinh truc giao ORC dinh (TORC)
Phuwong phap nay sé& loai bé anh hwéng ciia viée triét nhiéu di kém véi song
mang phu c¢é bién d9 yéu trén mdi nhanh dwge khuyét dai manh nhuw trong
phuwong phip ORC. Quyét dinh dwgc tinh trén tong ciia cic thanh phin bing
goc ciia cic séng mang phu cé bién d9 16n hon mot nguwdng tich séng. Trong sb
Gy(m) duge chon:

Gie(M) = du/Ni 7y u(hy | 7)
(3.16)
Trong d6 u(.) 1a ham bwéc don vi va y 1a ngwdng tach séng.
R6 rang, trong phwong phap ORC dinh nay, chi cic gia tri nhiéu 16n hon mét
mirc ngudng toi wu dé dat dwoc mirc nguwdng y thi méi dwoe khuéch dai. Véi ty
s6 SRN cho truéc, sé ton tai mot gia tri nguwdng toi wu dé dat dugc gia tri BER
nhé nhit.
3.6.3 Phwong phdp két hop d lpi bang nhau (EGC)
Poi véi EGC, trong s6 Gi(m) dwge dung dé sira sy dich pha gy ra béi kénh
truyén va dwgc cho béi:

Gie(m) = dphy /hy

(3.17)

Khi tin hi¢u dwgc truyén trong kénh truyén nhiéu Gauss tring cong thi EGC
la mdt phwong phap két hop t6i wu vi phwong phap nay khéi phuc tinh truc
giao giira cAc ngudi dung. Do d6, n6 loai bé can nhiéu da truy cip trong khi gia
tri nhiéu lai dwoc 1y trung binh. Tuy nhién, d6i véi kénh truyén fading phang

qua tirng séng mang phu, nghia 1a kénh truyén cé tinh chon loc tin sé trén
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toan bing thong tin hiéu thi EGC vén ldy gia tri trung binh ciia nhiéu nhwng
can nhiéu da truy cip lai khac 0. Do d6, né anh hwéng manh dén bién quyét
dinh D.
3.6.4 Phwong phdp két hop ty sé cuc dai (MRC)
MRC sé& két hop dong b cac tin hiéu ciia cic song mang phu khac bang ciach
lay trung binh c0 trong so cac song mang phu ndy. Trong sb 1a lién hep phirc
hé s6 kénh truyén twong trng ciia cic séng mang phu, nghia 13 trong sé Gi.(m)
dwgc chon bang:

Gre(m) =dhy
(3.18)
Véi viée chon gia tri trong sé nhw viy, phwong phap MRC da bu sw dich pha
ciia kénh truyén va lay gia tri trung binh c6 trong sb cac tin hi¢u sau méi b loc
d6i sanh bang cic h¢ s6 ty 1¢ thuin véi bién d9 ciia séng mang phu. Trong
treong hop hé thong chi c6 mét nguwoi ding, MRC khai thac phan tap tin sb
sin c6 va dat dwge BER thap nhit. Tuy nhién, trong hé thong da nguéi ding,
do tinh trwc giao cia cac mé trai bi méo dang nghiém trong béi fading kénh
truyén nén dung lwong ciia bd tich song bi giéi han béi MAL
3.6.5 Phwong phdp két hop sai sé trung binh binh phwong t6i thiéu (MMSE)
Piéu kién MMSE cho ring sai s6 ciia cac ky tw dir liéu dwoc dw doan phai truc
giao véi cac thanh phan biing goc ciia cic séng mang phu thu dwoc, nghia 1a:

Ela, —a,)y(m)*|=0 ,m’ =0,1,..Kyc-1

(3.19)
_ Kye?
Trong dé E[.] 12 toan tir ky vong va a,. = > G,.(m)y(m) l1a wéc lwong cia a,
m=0

Nghiém ciia phwong trinh (3.19) la Gy-(m) xac dinh béi:

oo (R 2
Gie(m) = d;h;*/{Z\hrn\ +c§j

(3.20)

Trong d6 o’ = N,/2 12 phwong sai ciia nhiéu Gauss.
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Doi véi gia tri || nhé, df lgi Gi(m) ciing nhé dé tranh khuéch dai qué lén
lwrgng nhiéu di kém véi séng mang phy cé bién d§ nhé. Khi |h’| I6n do lgi nay
ty 1 voi nghich dio dwong bao song mang phu h* ./ ‘hmz dé khéi phuc tinh

true giao gitra cic ngwoi dung. Nhu vay, phwong phap MMSE sé két hop gia
tri y(m) trén cac nhanh theo cach t6i thiéu nhiéu da truy cip va nhiéu Gauss.
Nhwge diém ciia phwong phap nay la phai biét chinh xac s6 ngwoi dung dang

truy cép hé thong va cong suat nhiéu.

3.7 Cac phwong phap triét nhiéu
Pé cai thién thém nira d9 hiéu qua ciia may thu, ky thuit tach song da nguoi
dung dwoec sir dung. C6 cac phwong phap triét nhiéu nhw sau:
3.7.1 Phwong phdp trigt nhiéu néi tiép (SIC)
Phwong phap triét nhiéu néi tiép SIC dwec thwe hién nhw sau: Giai diéu ché
cho mdt nguéi ding, tai tao lai phan nhiéu da truy cip ciia ngudi dung d6 va
loai trir khéi dang séng thu dwge. Sau d6 dang séng da triét b6t nhidu nay sé
dwoge dung tich séng cho ngudi ding ké tiép. Lip lai qua trinh xir ly trén cho
dén khi tach séng cho tat ca cic ngudi dung.
Néu quyét dinh sai (cé nghia 1a tach séng cho ngwoi ding khong chinh xac) thi
sé ting gap doi phan nhiéu da truy cip cia ngudi dung do khi tach song cho
nguoi ding ké tiép.Vi vay thir tu duoc gidi didu ché cé6 dnh huwéng dén hiéu
suat ctia phwong phap triét nhiu noi tiép. Thong thwong, viée giai diéu ché
dwoc sap xép theo thir tw giam din cong suit thu dwoc va theo cac bwéc sau:
Tinh d9 tin cdy (ding EGC hosic MMSE) cho tit ¢ cac ngudi ding con lai.
Chon mgt nguoi diung c6 do tin ciy cao nhit va trir khéi thanh phan tin hi¢u
ciia ngwoi ding mong muon.
Lip lai 2 bude trén cho dén khi chon dwoe ngwdi ding mong muén. Ra quyét
dinh cudi cung cho nguwdi ding mong muén.

Khi thue hién thue té bd triét nhiéu noi tiép ta quan tim dén cic dic diém

Sau:

32



Chuong 1. CONG NGHE CDMA

Yéu cau phai biét dén bién dd thu dwoc. Bat ky sai s6t nao trong viée wéc
lwong bién @9 thu dwoe sé chuyén ddi truc tiép thanh nhiéu cho cic quyét dinh
tiép theo.

Cac nguoi dung yéu hon nguwoi ding quan tim dwoc bé di.

Bo triét nhidu ndi tiép khong yéu cAu cic phép tinh sé hoc doi véi cic twong
guan chéo ngoai tich cia chung véi bién do thu dwoc.

Do phirc tap trén bit |a tuyén tinh theo so6 hrong cic ngudi dung.

Thoi gian tré khi giai diéu ché bang b triét nhiéu néi tiép ting tuyén tinh theo
s6 lwong nguoi dung.

Mot khuyét diém ciia triét nhiéu noi tiép 1a hig¢u suat khong ddi xing: cic
nguoi dung co cung cong suit dwoe giai diéu ché véi do tin ciy khac nhau.
3.7.2 Phwong phdp triét nhiéu song song (P1C)

Ngwoe voi bd triét nhidu ndi tiép 12 1an lwot giai diéu ché cho cac ngwoi dung,
sir dung cac by quyét dinh thir nghiém thir nghiém tir ting truéc dé (cac ngd ra
ciia bd tach séng bit ky) dé wée lwong va loai trir tit ca nhiu MAI cho mdi
nguwdi dung. Qua trinh xir 1y ¢6é thé Lip lai nhiéu lin tao nén bd triét nhidu song
song nhiéu tang, véi hi vong ting do tin ciy ciia cac quyét dinh thir nghiém khi
w6 lwong nhiéu da truy cap.

Tﬁng 1: Tang 2: Tang 2:

song song thir song song thir
nhat m-1

bo (o i b6 triét nhidu b6 triét nhidu

song bat ky

Hinh 3.5 So d0 triét nhidu song song nhiéu tang.
Poi voi hé thong MC-CDMA, d6 hiéu qua cia cac giai thuit dwa trén PIC phu
thudc manh vao chat hrgng ciia viée wée lwong MAI v6i can nhidu da truy cip
dwoc khdi phuc tir hé s6 kénh truyén va wéc lwong dir liéu cho cac nguwdi dung.
Vi viy hiéu qua ciia tang diu tién (nho' @6 ma viée wée hrgng dir liéu dat dwoc)
c6 quan hé gan giii voi dd hiéu qua cia may thu PIC. Do viy, tin hiéu triét
nhiéu MAI chii yéu 1a & ting thit nhat ndy, mdt s6 phwong phap do tin hiéu

ngudi dung dwgc ap dung trong ting nay.
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Phwong phap triét can nhiéu song song gia sir may thu biét tit ca ma trai pho
ciia cac ngwoi ding, trang thai kénh truyén doi véi mdi song mang phu ciia
m&i ngwoi ding va biét chinh xac s6 ngwoi ding trong hé thong.

Tuy nhién, viée hra chon chiing giong nhau sé 1am giam d$ phirc tap clia may
thu. B&i vi @9 hiéu qua ciia PIC phu thudc vao dd hiéu qua cia ting khéi diu
ciia may thu nén viée nghién ciru sw anh huéng ciia ting thir nhit 1a that sy rat

can thiét.

3.8 Vin d¢ dich ciia tin sé song mang trong hé thong MC-CDMA

Hi¢u qua ciia h¢ thong MC-CDMA bi suy giam nghiém trong theo dich tan sd.
C6 hai nguyén nhan chinh gay ra dich tan so:

Trai Doppler do thiét bi di ddng ¢ toc d cao.

Sai léch giira by tao dao dong cho cac song mang ¢ phia may phat va ¢ phia
may thu.

Cé&c dich tin s6 do sw dong by khong chinh xac giira by tao dao dong & phia
may phat va may thu nhw nhau d6i véi tit ca cic song mang phu. Trii lai, cic
dich tin s6 do hi¢u ing Doppler lai khic nhau d6i véi tirng song mang phu boi
vi n6 1a ham theo tan s6. Tuy nhién, d6i véi cac hé thong thong tin di dong hoat
dong ¢ tin sb6 song mang dién hinh 2 Ghz va chiém mét bing thong 1Mhz thi
sai léch tin so toi da giira cdc song mang phu do hiéu rng Doppler 12 khoang 0-
5 Mhz. Vi sai léch nay 14 rat nhé (cé thé bé qua) so véi khoing cach giira cac
s6ng mang phu 14 khoang 30 Khz nén ching ta xem xét dich tan so do trai
Doppler 1a mot hién twong cé dic tinh gidng nhau trén tit ca cic song mang
phu.

Dich tan so trong h¢ thdng MC-CDMA gay ra 2 anh hwéng nghiém trong:

Thir nhit, n6 1am suy giam bién d9 ciia tin hiéu mong muon.

Thir hai, né 1am mat tinh true giao giira cic song mang phu. Piéu nay sé din
dén nhiéu lién séng mang ICI.

Pé don gian cho viéc ky hi¢u, phin chirng minh sau chi tip trung vao mét
trong P ky tw ma mdi nguoi dung phat di bang ciach cho P=1. Khi d6, N=Kyc

va T' =T, (tbc dd bit cia dir liéu).
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Xét tuyén xuodng ciia hé thong thong in di dgng MC-CDMA c6 K ngudi dung

dang hoat dong. Pic diém ciia kénh truyén hwéng xudng I tit ci cic nguoi
dung sé trai qua cung mdt diic tinh kénh truyén (kénh truyén fading Rayleigh
phing, nghia 1a kénh truyén c6 tinh chon loc tin sé trén toan b bing thong
cua tin hi¢u phat nhwng khong cé tinh chon lgc trén tirng song mang phu) va
cAc ngudi dung nay dong bd véi nhau.

Tin hi¢u cao tan s(t) cho ky tw thir i phat tir tram goc 13 tong ciia K tin hi¢u
bing gbc clia cic ngwodi dung (tin hiéu cia mdi ngwoi dung co dang nhw

phwong trinh (3.1)) dwoc d6i tin 18n. Dang phirc ciia tin hiéu s(t) 1a:

K-1 N-1

s(t) = X

- a, ()d, (mp(e
k=0 m=0
(3.21)
trong do: f,=f.+m/T, va p(t)= ps(t) cho béi cong thire (3.5);
f.: song mang cao tan.
Khi hé thong thoa diéu kién (3.11), mdi song mang phu ciia tit ca cac nguoi
dung sé trai qua kénh truyén cé dap wng xung dang (3.14). Tin hi¢u nhin dwoc

tai thué bao di dong r(t) cia ky tu thir i c6 dang:

~
N

N-1

r(t) = aqea, (i)d, (mp(t)e” " +n(t)

0 m=0

=
Il

(3.22)

Phwong trinh (3.22) thwe chat 1a phwong trinh (3.7) dwge viét lai cho ky tu thir
i bing cach thay P=1 vah¥ =g _e¥.

Sau khi giai diéu ché (cho song mang va ca séng mang phu) ta két hop tin hiéu
trén mdi nhanh twong vng véi song mang phu, ta c6 bién quyét dinh cho bit dir
li¢u thir i cia ngwoi dung thi 0:

Th
2 N-1

D() = = | Ye g, (mr(tt
b T/ 00
(3.23)

Trong d6: ¢, f, 12 wéc lwong pha cia tin sb6 séng mang phu thé n; f,=f .=n/T,

Vv6i £, 1a wée lwgng tan s6 song mang.
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Thé (3.22) vao (3.23), ta co:

K-1N-1

a ea (i), (m)p(t)e’> " + n(t)}dt

k=0 n=0

To/2 N
N1 Z it
D(I) — J. -2 fnt ¢n)GO(n){
T, 1200

-1 -1 Ty /2

N . .
> > Go(n)ak(i)dk(m)el<¢m-¢n>Ti [ e+ AWGN

=
~

-1

I
LM
M

m
=0 b -T,/2
-1

Z
RN
'—‘o

K-1N

+ AWGN

oGy (n)ay (i)dk(m)ej(¢m"¢") sinz(f, — f.)T,

(324) n=0 k=0 m=0 " 71-( fn - fm)Tb

Xét biéu thuc: 7 (- Fo)To= 7 [(Fetn/Ty) -(F+m/TW)] T,
(3.25)
Goi A ladich tan s6 chuan hoa:

B offset tan so song mang thoc so
khoang cach gida hai song mang lien tiep

f.—f

- C C

o,

(3.26)
Thi (3.25) dwge viét lai nhwr sau:
(f-fr)To=n (A +n-m)
(3.27)
Sir dung (3.27), ta c6 thé viét lai biéu thirc:

eln=t) gin m(f, —f )T, =/ %) gin gA

(3.28)
Trong d6 ¢ n = ¢, —n(n —m)
(3.29)
Thé (3.27) va (3.28) vao (3.24) ta ¢c6 thu dugc:
18EE . o sin TA
D(i) = 2 mz G, (n)a, (i)d, (myeitn-t ﬁmweN

=S+ MAI +ICI1 +ICI2 + AWGN
(3.30)
Trong do:

S la tin hi¢u mong mudn
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MAI la nhiéu da truy cap

ICI1 I& nhiéu lién s6ng mang do céc chip trong cling ma trai pho
cuia nguoi dung thi 0

ICI2 Ia nhiéu lién s6ng mang do céc chip trong cling ma trai pho
cua nguoi dung thir 0 va cia K-1 nguoi dung khac.

AWGN Ila nhiéu Gauss trang cong.

CA4c sb hang trong biéu thirc (3.30) dwoc xac dinh nhw sau:
CA4c tin hiéu mong mudn S:
T (3.30) cho k=0 va n=m, ta co:

S = sin TA

a (|)Za G,(n)d,(m)

(3.31)
Nhiéu da truy cip MALI:
Véi k=0 va n=m, biéu thirc (3.30) dwgc rit gon thanh:

MAI = sin TA

ZZa G,(m)a, (i)d, (m)

(3.32)
Nhiéu lién séng mang do cac chip trong cling ma trai phd ciia ngudi dung thir 0
ICI1 dwgc tim bang cach thay thé k=0 va m=n vao (3.29):

sin A e 1 -
= 20(0) 2 X 0 Go () (M) el

m=0 k=1

ICI1 =

(3.33)
Nhiéu lién séng mang do cac chip trong ma trai pho ciia nguwoi ding thir 0 va
ciia K-1 nguwoi ding khac. Nhiéu nay dwge riit ra tir (3.30) véi k=0 va m=n:

sin tA 3

ICI2 = Z:(; r;oc G,(n)a,(i)d, (m)A P
(3.34)
AWGN
AWGN = %‘iGo(m)nm
(3.35)
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Duya trén cac phuong trinh tir phuong trinh (3.31) dén (3.35), ta rit ra

nhan xét sau:

Tin higu mong muén bi suy hao b&i mt hé s6 1a ham theo A .

Nhiéu da truy cip ciing bi giam di theo A .

ICI1 va ICI2 khong xuat hién khi A =0. Céc nhiéu nay dwec xem 1a nhiéu cong
thém vao nhiéu da truy cap.

Tir phwong trinh (3.32) cho thay nhiéu da truy cip trung binh dbi véi mdi song
mang phu chi phu thudc vao ty s6 K/N. Do d6, ddi véi hai hé thong cé clng ty
s6 K/N , nhiéu MAI trung binh ciia chiing d6i véi mdi séng mang 1a bang nhau.
Tuy nhién, khéng giéng nhw nhiéu MAI, nhiéu ICI lai 1a ham theo so séng
mang phu va so6 nguwoi dung K. Vi vy, néu tong sé séng mang phu ciia hai h¢
thong khac nhau thi ICI ciia m&i hé thong sé khac nhau ngay ci néu ty s6 K/N
la giong nhau. Tém lai, hé thong MC-CDMA nao c6 nhiéu séng mang phu hon

do dich tan s6 ciia song mang phu ngay cé cac hé thong cé cing K/N.

3.9 Gi6i han BER ciia hé thong MC-CDMA
Gia sir bit phat 12 ciia ngudi dung thir 0 1a “-1” thi ty 1¢ 16i BER 1a Xac suat ma
D(i) I6m hon 0 hoiic twong duong véi xac suat ma -S nhé hon MAI+ICI1+ICI2+AWGN,
nghia la:
BER = p( -S< MAI+ICI1+ICI2+AWGN)

(3.36)
Néu gia sir tit ca cac s6 hang MAI, ICI1, ICI2, AWGN trong biéu thirc (3.29)
c6 phan bd xap xi phan bo Gauss thi BER dbi véi hé thong sir dung MRC 1a:

BERwmRrc ~ %erfc[ Nure j

MRC

(3.37)

Trong d6:v" erfc(.) 1a ham sai s6 bd phu.
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2K (sinta )’ K M2 N sin mA N
v D = - + e B Il
MRETON ( A j NT 2 2 [n—(n—i+A)j E,

n=0i=0,i=n

(3.38)
Véi Ep 1a nang lwgng ciia mét bit tin va dwgc dinh nghia nhw sau:
Ep= {flE(afn)ij
= 2
(3.39)
V6i E (o) la todn tir ky vong.
Ngoai dinh nghia E,/N;, mot thong s6 khac ciing rit thuwong gip trong viéc
danh gia chit lwong ctia hé thong 1 ty s6 tin hi¢u trén nhidu SNR:

2
(@)

SNR =

(3.40)

Vé6i o2 la cong suat nhiéu ciia bién ngiu nhién Gauss trén mgi nhanh cia
bo tach song.
Nhu d3 biét, BER t6i thiéu cé thé dat dwoc véi hé thong don nguwdi ding va sir
dung phwong phap MRC. Do d6, giéi han BER ciia hé thdng MC-CDMA Ia:

BER g = %erfc

(3.41)

Biéu thirc (3.41) thwe ra 1a biéu thirc (3.37) v6i mot s6 thay d6i nhé A =0, K=1.

3.9.1 Phan logi

Cong ngh¢ MC-CDMA dugc chia thanh 2 nhom:
e  Trai pho trong mién thoi gian MC-DS-CDMA va MT-CDMA : Chubdi tin
hiéu ban dau sau khi duge chuyén tir ndi tiép sang song song dugc trai phd bang
ma trai phd. Sau d6 cac chip cua cling mot ki tu s& dugc didu ché trén mot song
mang. Dé phan biét MC-DS-CDMA va MT-CDMA, nguoi ta dua vao khoang
cach giita cac song mang phu. Néu ki hiéu chu ky bit dir liéu 12 Ty, va chu ky chip
la T, thi khoang cach giita cic song mang phu trong hé thong MC-DS-CDMA 3
1/T, con trong hé théng MT-CDMA 14 1/T,,
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Khoang céach giita cic song mang phu Af va bang thong hé thdng B duoc tinh theo

cong thure sau:

Af:NlT:%RSNFgNP;% : N
S N Véi%zNSRS(NFJrNP) (3.42)
B=NAf=—¢ =NR ~F P ~NR :
N_T N,

Rs 12 toc d6 tin hiéu ban dau, N 12 hé s6 cta bd chuyén doi S/P, N la chiéu dai cua
M4 trai phd, N 1a chiéu dai by chuyén d6i IFFT, N, Ia chiéu dai ciia CP.

e  Trai pho trong mién tan s6 MC-CDMA: Chudi tin hiéu ban dau duoc trai
phd bang ma trai pho, sau d6 mdi chip cua cling mot ki t s& duoc didu ché trén
mdi song mang khac nhau. MC-CDMA trai phd trong mién tan s6 nén khong bi
gidi han vé khoang tan sd yéu cau truc giao. Vi vdy, & duong xuéng, MC-CDMA
thé hién uu diém hon MC-DS-CDMA
Khoang céach giita cic song mang phu Af va bang thong hé thdng B duoc tinh theo

cong thire sau:

Af = NlT =R, NFN+NP =R,
F \ F N 4N (3.43)
B=NAf =3 —NR,“F P ~NR
N T N,
Nhan xét:
So sanh Afva B cua 2 hé thong, ta nhan thay:
) B bang nhau, phu thudc vao chiéu dai ma trai pho va toc d6 dir liéu ban dau.

e Afkhac nhau. Pbi v6i hé thong MC-CDMA, Af chinh bang téc d6 dir liéu
ban dau. COn ddi voi hé théng MC-DS-CDMA thi khoang cach Af phu thudc vao
téc do dir liéu ban dau, hé sé ctia bo S/P va chiéu dai mé trai pho.

Cac so @6 MC-CDMA :
Multicarrier DS-CDMA:

Hé thong DS-CDMA da song mang trai pho ludng dir liéu d duoc chuyén dbi
tir ndi tiép sang song song trong mién thoi gian sir dung ma trai pho CDMA.

Két qua dit liéu trén cac s6ng mang truc giao nhau véi su tach biét nho nhat.
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O ey cosl 20T E)

Diata stream )
Herial o

-

cyf Time

Hinh 3.6 Bo phat MC-DS-CDMA, Hinh 3.7 M4 trai phé trong MC-DS-CDMA

NN 7NN

-

A S f Jup frequency

Hinh 3.8 Pho cong suat cta tin hiéu phat
Hé thng phat MC DS-CDMA cho user j" minh hoa trong hinh 3.6 N 2 s
s6ng mang phu trong hé thong va ma trai phd cho user thirj 12 C(t) = [CleZj .Ce ]
trong hinh 3.7. Ph6 cong suat ciia tin hiéu trai phd duoc minh hoa trong hinh 3.8
Multitone CDMA (MT-CDMA):

Céc ludng dir liéu da duoc chuyén ddi tir ndi tiép sang song song duroc trai
pho bang chudi ma trai phd6 CDMA trong mién thoi gian dé ph6 cia mdi song mang
phu trude khi trai pho c6 thé thoa man didu kién truc giao v4i su tach biét tan s6
nhé nhat. Do d6 phd clia mdi song mang phu khong con thoa mén didu kién tryc
giao nira. So @6 MT-CDMA sir dung cac mé trai pho dai hon ty 18 vai sd song mang
phu so véi so @ DS-CDMA (don séng mang ) théng thudng, do d6 hé thdng co thé
dép tmg duoc nhiéu nguoi str dung hon so @6 DS-CDMA. M4 trai phd cho hé thong
MT-CDMA minh hoa trong hinh 3.9.

5 & e
o O O of =i =i,

il T
1T

ci i ¢}

Hinh 3.9 M4 trai ph6 cho hé théng MT-CDMA
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3.10 Uu diém ciia ky thuait MC-CDMA

Céc vu diém cua ky thuat MC-CDMA:
o Hiéu qua sir dung bang tan tot.

e  Phan tap tan s6 hiéu qua.

J C6 kha nang chdng lai anh hudng ciia fading lwa chon tan sd.

o Giai quyét van dé nhiu lién ki tu ISI gip phai & hé thdng c6 toc do dir licu
cao trén cac kénh da duong bang cach chia bing thong tin hiéu thanh nhiéu

bing con ¢0 tdc d6 thap truc giao nhau.

Tin hiéu duoc truyén va nhan mot cach dé dang bang cach st dung thiét bi

chuyén d6i FFT ma khong 1am ting do phirc tap cia may phat, may thu.
) Bao mat.

3.11 Nhwge diém ciia hé thong MC-CDMA
Tuy nhién, MC-CDMA ciing ton tai nhiing nhugc diém cia CDMA va OFDM:
e Khi xét hé thong MC-CDMA, loai nhiéu dang quan tim nhat 1a nhidu da
truy nhap MAI (Multiple Access Interference).
e Ty s6 duong bao cong suit dinh trén cong suat trung binh (PAPR) cao nén
lam giam hiéu qua ctia bo khuéch dai cong suét, dan dén hiéu suat khong cao.
e Nhay véi dich tan s6 song mang.

e Nhay v6i nhiéu pha.

3.12 Két lugn chuong

MC-CDMA 1 mot trong nhitng hé thong da song mang sir dung cong nghé
da truy nhap CDMA. N6 mang theo ca nhiing uu diém va khuyét diém cia 2 cong
nghé truyén dan OFDM va da truy nhap CDMA. V6i nhiing uu diém noi trdi ,MC-
CDMA 12 mot trong nhimg cong nghé da truy nhap cha yéu cua thong tin di dong
4G, nén van dé diéu khién cong suat rat quan trong. Trong chuong 4 chung ta sé di
vao tim hiéu vé mot so k¥ thuat diéu khién cong suat duoc ing dung trong hé thong

MC-CDMA.
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Chuong 4

PIEU KHIEN CONG SUAT TRONG
HE THONG MC-CDMA

4.1 Gigi thiéu chwong

Chuong nay dé cap dén ba thuét toan diéu khién cong suat hudng lén: Didu
khién cong suat budc cb dinh (fixed-step power control), diéu khién cong suat da
murc (multi-level power control), didu khién cong suat véi giai thuat du doan fading.
Bén canh d6, phuong phap diéu ché thich nghi cling dugc dé xuét dé cai thién chat
lugng BER trong hé théng MC-CDMA, phuong phap nay ciing dugc xem 1a mot
phuong phép diéu khién cong suét.

4.2 Muc dich ciia diéu khién cong suit trong hé thong MC-CDMA

Dung luong cila hé théng MC-CDMA bi gi¢i han boi nhiéu tir cac user khac
Vi tat ca user trong mot cell chia sé cing mot bang tan. Hiéu ing gan —xa va fading
lam cho cbng suat thu duoc ¢ tram gdc ciia mang thong tin di dong s& khac nhau va
sy khac nhau nay s& 1am giam dung lugng hé thong. Dé tang dung lwong hé thong,
van dé hiéu mg gan-xa va fading can phai xir Iy sao cho cong suat tin hiéu tir cac
may di dong dén tram gdc nhu nhau. Dé chdng lai hiéu tmg gan-xa va fading mot
cach hiéu qua, diéu khién cong suat duong 1én chat ché va chinh xac nghia 1a cong
suat tir cac may di dong duogc gitr & mirc nho co thé ma van giit dugc chat luong
dich vu (QoS: Quatity of Service) 1a rat can thiét trong hé thong.

Trong hé théng MC-CDMA, dir liéu thong tin dugc truyén di trén nhiéu bang
tan mot cach song song ma moi bang tan tryc giao véi cac bang con lai. Nhung cac
dir liéu lai chju anh hudng kénh truyén khac nhau nén muc cong suat thu duge &
tirng séng mang phu s& khac nhau & tram gdc. Hiéu suét ciia hé thong phu thudc vao
ti 1¢ 16i ¢ ting séng mang phu. Do d6, suy hao kénh truyén 16n s& 1am hiéu suat
giam tram trong. Néu tin hiéu duogc truyén chi trén mot s6 kénh thuan loi thay vi
truyén trén tat ca cac kénh nham tranh su suy hao 16n ctia kénh truyén, hiéu suat hé
théng s& duogc cai thién dang ké. Vi vay, toc do dir liéu, do loi xtr Iy, va an dinh
cdng suat phat can duoc xem xét khi thiét ké mo hinh truyén dit liéu cai tién & hé

théng MC-CDMA. Chat luong dich vu ctia may di dong phu thudc vao QoS cua
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ting séng mang phu nén phai xac dinh mic cong suat khac nhau cho timg séng
mang trong mdi user, 1a cach hiéu qua dé chdng lai fading dc lap cho timg séng mang,
4.3 Piéu khién cong suit trong hé thong MC-CDMA

Dung luong ciia hé théng MC-CDMA phu thudc vao sy hiéu qua ciia mo
hinh diéu khién cong suat, dic biét & duong 1én. Piéu khién cong suat duong 18n cb
gang diéu khién cong suat phat ciia may di dong sao cho cong suét thu dugc tir

ching 12 nhu nhau ¢ tram géc.

Hinh 4.1 M6 hinh hé théng véi cac users tich cuc
Xét cac hé théng MC-CDMA don cell véi tong sé nguoi dung sir dung 12 K
va mdi tram di dong co N séng mang phy. Gia st rang toc do chip va toc do bit cua
c4c tin higu 1a c¢6 dinh dé do loi xir Iy G ¢d dinh. Khi d6 tin hiéu thu r(t) ¢6 ca tin

hiéu nhidu tir nhitng ngudi st dung khéc, fading va nhiéu nén sé 1a:
K
R =>r,O+vt), (k-DT <t<kT 4.1)
m=1

T 1a khoang thoi gian bit dir liéu, k 1a chi sé thoi gian va v(t) 1a nhidu cong
Gaussian v&i mat 6 pho cong suét hai bién 1a No/2.
Trong phuong trinh (4.1), tin hiéu thu dugc tur tram di dong thir n st dung song

mang phu thir i dugc xac dinh nhu sau:

C

i () = o, (0)4/Py (Da,, (t)i Cog i Nt =0T, —KT) cos{Zn[ f.+ ;—'jt} 4.2)
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Cong suat phat ctua tram di dong tha n sir dung séong mang phu tha i 1a Pp(t),
ani(t) € {~1,+1} 12 bit dit liéu, cjgxe {~1,+1} I thanh phan tha g cia mot chudi tréi phd
véi chu ki chip 12 T, va h(t) biéu thi mot xung trong khoang thoi gian T, f, 1a tAn sd
trung tm va z; biéu thi song mang thir i c6 gia tri nguyén nam trong khoang
1<z, <N. Mdi dir liéu dugc diéu ché bang mot song mang phu khac nhau s& duge
phat qua mot bang tan s6 khac nhau va chiu anh huéng fading khic nhau. «,,(t) 12
thanh phan cua dudng bao fading ddi v6i tram di dong th n str dung song mang thir
i va cO phéan phdi Rayleigh. Puong bao fading a,, (t) thay d6i theo thoi gian, nhung
gia st fading thay d6i véi téc do cham hon nhiéu so véi tée do bit dé o, (t) c6 thé
dugc xem nhu 1a hang s6 trong khoang thoi gian mot bit.

Dat sy twong quan gilra cac tin hi¢u cia tram di dong thir n v41 song mang z;
va c4c tin hiéu cua tram di dong thr m v&i song mang z; 1a R;™ ; khi d6 ngd ra cua
bo loc twong rng dbi voi tram di dong thir n sur dung séng mang phu thirila:

U, =am\/P_m+ZK:RiT” +ZK:Ri +ZZR“”‘ +Nhiéu 4.3)
m=1 j=1

m=1 j=1
m=n J#i m#n j#i

Trong phuong trinh (4.3), s6 hang dau tién mo ta tin hiéu mong mudn, c6
duoc tir :
T T
Ri" = aniﬁijcn(t)cn(t)cos[h(z_irﬂi)tjdt S am\/P’mTijcn(t)cn(t)dt —a,\P, (44)
0 0

S6 hang thir hai trong phuong trinh (4.3) 1 nhidu giao thoa tir cac tram di dong
khac nhau c6 cung song mang va tuong quan chéo gitra tram di dong thir n s dung
song mang phu i va tram di dong thir m cling st dung song mang phu thir i la:

T T
RI” = P [0 (064 ) cos[det ~ P = [0, 00,0t (45)
0 c 0

S6 hang thir ba trong phuong trinh (4.3) 1a nhidu tir cac song mang phu khac nhau

ctiia cung mot tram di dong va tuong quan chéo gitta tram di dong thr n sir dung

song mang phu thir i va tram di dong thtr n sir dung song mang phuy thur j 1a:

R’ =am\/_ J.c (t)c, (t)cos[ 7z 2, )tj ].co [27[(2 %) )tj t
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S6 hang thir tu trong phwong trinh (4.3) 1a nhidu tir cac tram di dong khac nhau véi

cac séng mang phu khac nhau va tuwong quan chéo gitra tram di dong thir n st dung
song mang phu thtr i va tram di dong thr m sir dung séng mang phu thur j 14 0 vi tinh

truc giao cua cac song mang phu.

T T

Ri™ = a /Py %J.cn (t)c,, (1) cos[@}dt = i/ Paj %J.cn (t)c,, (1) cos[@}dt
0 c 0 ¢

Trong phuong trinh (4.3), cong suat mong mudn 1a:

= Elai Py (4.6)

Tinh toan phuong sai ciia U, khong c6 tap nhiéu ta dugc nhidu giao thoa téng cong

P

ni,rv

cuia nguoi st dung khac la:

~ K
Nhiéu ciia ngudi sir dung khac = Var|[U ] =Var{ > Ri?m}

m=1,m=n

Khi d6 s hang thtr nhét, thir hai va thi tu trong phuong trinh (4.3) s& 12 hang

’ K
$0, phuong sai twong img 1a 0. Bat Y= ) R[" ; khi do6 gia tri cia Y la:

m=1,m=n

Y= ZamI\/_ j c, (t)c, (t)dt

m=Lm=n

(s+1)T,

:%i ﬁzc [t = TNt - (s+D)T, ot

sT,

T a4 By (Clcll"‘---CGCrﬁ)"‘---"‘a i nll(cn n1+"'+cr(1scr(1;71)
- 1.1 GA.G
+an+1|\[ n+1|(cn n+1+ +C Cn+1)+"'+aKi‘\/ I:)Ki (CnCK +"'+Cn CK)

V6i ¢,?1a thanh phan thtr g ctia chudi trai pho cta tram di dong thir n. Khi do:

2 1.1 G.G\2 GG 2
E[YZ]Z(T—CJZE a; P;(cic +..c.c)) +...+a Poui(crc, +..+cscyy)

2 1.1 G.Gy2
+an+1‘iPn+lvi(cncn+l+...+c n+l) +.. +a PKI(C Cx +...+CCx

G J {Z“n : {(cﬁc.u...ﬂnecle)z}}

1#n
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T 2
=(L)e - Saze o) +...+(cfc§)z}}
| m=Lm=n
T 2 T 2 K ,
= ?C E mgoncml mi :| (Tj Gmgﬁ[ami]:)mi
TY . &
=l=|G YP
T m:l%inmwv

_1 <
_G :lz mi,rv

S G IR 3 @4.7)
Gm:l,min '
Phuong sai cia Y 1a:
Var[v]=€elv?]-(E[V])* =2 ZPm.W (4.8)
m=1,m=n

Nhiéu tong cong bao gdm nhidu ctia ngudi sir dung khéac va nhidu nén, vi thé
nhiéu tong cong 1a tong cong suat ciia nhidu nguoi s dung khac va nhiéu nén.

K 2

Tong nhiéuZVar[YJrNoise]:E[Yz] +Glo? = Z grv G (4.9)
m=1,m=n
V6i 6% = Ny
2

Tu phuong trinh (4.6) va (4.9), SNR nhan dugc cua tram di dong thir n str
dung song mang phu thir i 1a:

P
e (4.10)

1
[m ;n:inml v jG

Tir phuong trinh (4.10) ta thay SNR cuta hé théng MC-CDMA duya trén bang tan c6
dang gidng nhu SNR cia hé thdng CDMA.

SNRni:

4.4 Hoi tiép dwong trong diéu khién cong suat dwong I1én
Dé duy tri chat lugng dich vu mong muén, SNR nhan duoc khong duge nho
hon gi4 tri toi thiéu SNR can thiét y,

GP
SNR=— — ™" >y (4.11)

Z Pon + o?

m=1,m=n
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Trong phuong trinh (4.11), rd rang l1a s6 user K va gia tri QoS, y, ti 1é

nghich v&i nhau, do d6 céc gi tri twong tmg can phai chon Iya trude khi didu khién
cdng suat hoat dong. Néu khong, tram gdc s& khdng tim dugc 1énh diéu khién cong
suat nham dat QoS mong mudn, va cdng suit ctia may di dong hoi tu, do d6 hé
thdng s& khong 6n dinh. Khi mot may di dong nhan duoc 1énh ting cong suét tir
tram gdc dé duy tri QoS thi héi tiép duong gay nguy hiém dén sy 6n dinh hé théng
sé tang l1én. Tang cong suat cia may di dong cling dan dén tang nhiu cho cac user
khac, khi d6 céc user ciing budc phai ting cong suét phat ciia chung. Tinh huéng
nay Xay ra néu cac tham sb cua hé thong K va y, khong duoc thiét 1ap dung trudc
khi diéu khién cong suat hoat dong.

Dung lugng 16n nhét dat dugc khi tat ca may di dong dat dugc SNR can
thiét nho nhat tai tram goc. Gia st tit ca may di dong c6 ciing SNR can thiét y,, khi
d6 cong suat thu dugc tai tram gbc s& gidng nhau cho moi may di dong. Trong
truong hop nay, SNR c6 thé viét lai:

*

GP
> - 4.12
k)P 102 (4.12)
Khi d6 P* la cong suat tdi wru tai tram goc sé& 1:

«__ ' (4.13)
G- (K-,

Trong phuong trinh trén thi P” s& ti 1é thuan v6i y, dén mot gia tri ndo do,

vi néu SNR y, 16n hon gia tri nay thi mau s s& am va khong ton tai cong suat toi

wu duong dé dat dugc SNR mong mudn. Tir d6 cho thay do loi xtr 1y va sb user s&

chin gia tri SNR chuédn. Do d6, bién trén ciia SNR chuan sé 1a:

Yo < (4.14)

K-1
Theo d6 ma gia tri SNR mong mudn can dugc thiét 1ap dya trén diéu kién (4.14).
4.5 Co ché diéu khién cong suit trong cac hé thong MC-CDMA
Dung luong ciia hé théng MC-CDMA bi giéi han bdi nhidu cia nguoi sir
dung khac nhu trong cac hé théng CDMA. Nhiéu cta nguoi str dung khac duoc giy
ra boi cac tram di dong khac nhau c¢6 sdng mang phy gidng nhau. Cho s6 nguoi sir

dung va do loi xir Iy, SNR c6 thé dat dugc trong cac hé thong MC-CDMA ciing
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gidng nhau trong cac hé thdng SC-CDMA. Do d6 d6i v6i diéu khién cong suit,

tram géc can cai dat SNR chuin thoa man diéu khién SNR =y, <

kha nang hoi tiép duong ctia diéu khién cong suét. Trong cac hé théng MC-CDMA
mdi séng mang phu chju anh hudng ciia fading khic nhau, ¢6 hai so d6 diéu khién
cdng suét c6 thé lya chon & hudng 1én. So dd thir nhat 1a diéu khién cong suat dya
vao bang tan, so dd ndy chi ¢6 thé ap dung cho cac hé thong MC-CDMA. So dd thtr
hai 14 diéu khién coéng suit dua vao ngudi sit dung, so d6 ndy st dung phuong phap
giong nhu & cac hé thong SC-CDMA.

O so do diéu khién cong suat dua vao nguoi st dung, tram gc danh gia SNR
trung binh nhan dugc qua tat ca cac song mang sau d6 dem so sanh véi SNR chuan

va quyét dinh 1énh diéu khién cong suit. SNR chuan phai thoa man diéu kién :

dé tranh kha ning hoi tiép duong trong diéu khién cong suat.

Yo <

Trong cé4c tmg dung ndy muc cong sut nhu nhau s& dugce an dinh dén mdi

song mang trong mot tram di d@ng va SNR duogc dem so sanh v&i SNR chuan 1a:

N
SNRn——Z SNR, =3 S (4.15)
= N = Z Pml rv
m=1,m=n
Tram gdc tinh toan SNR bang cach 1ay trung binh céc gia tri SNR cila tat ca cac
s6ng mang phu nhu trong phwong trinh (4.15) va dem so sanh v6i SNR chuan dé ra
quyét dinh 1énh diéu khién cong suat. Piéu khién cong suat du doan trudc khong
thich hop vé6i so dd diéu khién cong suat dua vao ngudi sir dung vi sy du doan hiéu

mg fading dya vao ngudi sir dung khong c¢6 ¥ nghia d6i voi tirng song mang.

Giai didu ché va trai phd SNR trung binh = R

/ nguoi sir dung ’

coéng suat

Fading
.
{ . o ! . Thong
Trai pho va diéu ché MC-CDMA Piéu chinh cong suat | tin
dirliéu

Hinh 4.2 Piéu khién cong suat dua vao ngudi sir dung trong
e cac hé thong MC-CDMA E—
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Chuong 1. CONG NGHE CDMA

O so dd diéu khién cong sudt dira vao bang tan, tram gdc dénh gia cac gia tri
SNR nhan duoc dbi voi mdi séng mang phu va dem né ra so sanh voi cac SNR
chuan. Sau d6 1énh diéu khién cong suat dugc xac dinh theo cac phwong phap (diéu
khién cong sut budc ¢ dinh (fixed-step),diéu khién cong suat da mirc (multi-level)
va diéu khién cong suit du doan trudc (predictive) ). Cong suét thu tdi wu cho timg

bang trong hé théng MC-CDMA la:

K -1
Pin = azm{l— ZMJ VGi ¢ =Gy, +1 (4.16)
m=1

Udc lugng SNR . L 4 )
Giai diéu ché Use lugng SNR ‘ . -
va trai phd cho bang tan n Lénh Quyét dinh jgum
Uéc lugng SNR . . o
cho bang tan k T Lénh Quyét dinh

AWG Céc tin hi¢u tir nhig Lénh diéu khién
nguoi str dung cdng suat

Fadinh

Diéu chinh cong xuét
cho bang tan 1

Diéu chinh cong xuét @ Thong
cho bang tan n -« tin
dir

Diéu chinh cong xuét liéu
cho bang tan k

Diéu ché MC va trai phd

P

Hinh 4.3 PKCS duya vao bang tan trong cac hé thdng MC-CDMA
Trong so dd diéu khién cong suat dwa vao bang tan, cong suat mong mudn,
nhiéu giao thoa va SNR twong tng duoc danh gia theo timg biang tan. Dya vao cac
gia tri danh gia nay tram gbc quyét dinh 1énh didu khién cong suat ddi véi timg song
mang phu mét cach doc lap dé chong lai kénh fading doc 1ap mot cach riéng biét.
Gia sir cong suét phat cua tram di dong tht n voi sdng mang phu tht i thoi diém thir

k 12 Ppi(k); khi d6 cong suat nhan dugc & tram gbc s& 1:
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Pni,rv(k):Pni(k) + fnl(k) (4.17)

Véi Phin(K) 12 cong suét thu duoc ¢ tram géc cua tram di dong thur n véi song mang
phu thr i & thoi diém k va (k) 1a do loi lién két gitra tram gdc va tram di dong thir
n voi song mang phu thi i. Do loi lién két nay bao gom duong bao fading va ton
hao dudng truyén. Cong suét phat ¢ thoi diém k+1 1a:
Prin(k+1)= Ppi(k) + Cpi(k+1). AP (4.18)

V6i AP 1a d6 diéu chinh cong suat va Cni(k+1) Ia Iénh diéu khién cong suat. Khi
SNR thu duoc nho hon SNR chuan nghia 12 mitc cong suat khong du dé duy tri QoS
nhu mong muén. Lic d6 tram gbc s& giri 1énh tang cong suat dé duy tri QoS. Néu
SNR nhan dugc 16n hon SNR chuan, mirc ¢ong suat phat ciia may di dong 16n hon
mtrc can thiét t6i thiéu, s& gay ra sy giam sut QoS ciia cac user khéc.

Trong cac hé thdng MC-CDMA, s6 song mang phu trén mdi nguoi sir dung
duoc dung cho viéc truyén dit liéu tc do cao, va mdi ludng dir lidu duge diéu ché
bang mot song mang phu khac nhau, dugc phat qua mét bang tan khac nhau. Do d6
mdi ludng dit lidu chiu mot diéu kién kénh truyén khac nhau, cac muic cong suat
phat khac nhau dugc an dinh dén mdi séng mang phu khac nhau bang cach diéu
khién cong suat dua vao bing tan dé cai tién chét luong BER va dung luong hé thong,
4.6 Cac phwong phap diéu khién cong suit trong hé thong MC-CDMA
4.6.1 Piéu khién cong suit fixed-step va multi-level

Tram gdc s& giri 1énh diéu khién cong suat dén may di dong & toc do 800bps
dé duy tri QoS voi cong suét phat nho nhat. Lénh diéu khién cong suit s& dugc cap
nhat v6i chu ki 1.25msec chira 12 bit va tap 12 bit nay 1a nhom diéu khién cong suét.

O mb hinh diéu khién cong suét fixed-step, mic diéu chinh cong suit duoc cb
dinh 1a mot budc (step size), va may di dong ting/giam cong suat phat chi ting
budc mot dya trén Iénh diéu khién cong suit. Do 1énh diéu khién cong suat chi co
mat bit, mirc diéu khién cong suat chi 12 1. AP hoic -1. AP nén khong thé bam theo
su thay ddi lién tuc ctia kénh truyén do fading, va sy thay ddi cong suat twong ing &
tram gbc s& 1am giam hiéu suat cua may di dong. Dé chdng lai kénh truyén c6
fading mot cach hiéu qua, diéu chinh cong suat duong 18n sir dung hiéu chinh cong
suat nhiéu mtrc ma lénh diéu khién cong suit s& chtra nhiéu bit. Dya trén SNR thu

duoc va SNR chuan, tram gdc giri 1énh diéu khién cong suat nhu sau:

o1



Chuong 1. CONG NGHE CDMA

Déi véi md hinh diéu khién cong suat bude cb dinh (fixed-step):

1, if SNR, (k) <7,

. (4.19)
~1, if SNR, (K)> 7,

cm(k+1)={

Déi véi mo hinh diéu khién cong suat multi-level:

3, if SNR;(k)-y, <-5¢

2, if =56 <SNR;(k)-y, <-3¢

1, if-3¢<SNR,;(k)-y, <-¢

0, if—e<SNR, (k)—7, <& (4.20)
-1, if e<SNR,;(kK)-y, <3¢

-2, if 38 <SNR; (k) -7,

Cou(k+1) =

Trong d6 y, 1a SNR chuan cho may di dong thi n,SNR; | gia tri ctia song
mang thir i & may di dong tha n & thoi diém k va ¢ = 0.5AP .
4.6.2 Piéu khién cong suiat du doan

Trong diéu khién cong suat duong 18én, mdy di dong s& cap nhat cdng suat
phat mdi chu ki cap nhat diéu khién cong sut dya trén Iénh diéu khién cong suat tir
tram gbc. Khi su thay doi ctia kénh truyén ¢ téc do nhanh hon tc do cap nhat cong
suat, diéu khién cong suat khong thé bam theo sy thay doi cta kénh truyén. Duéi
anh huong cta kénh truyén fading nhanh, hai mé hinh diéu khién cong suét fixed-
level va multilevel tao ra 1énh diéu khién cong suat khong thich hop dé diéu khién
cOng suat phat tir may di dong. Do fading thay d6i theo thoi gian va do tré vong hoi
tiép cua lénh diéu khién cong suat gy ra sy khong chinh xac giira cong suat thu
dugc va cdng suat téi uu & tram gdc, va sy khac biét nay lam giam dung luong hé
théng. Do d0, viéc thiét ké ra mot mo hinh diéu khién cong sudt co giai thuat du
doan fading 1a rat can thiét. P& b lai anh huong fading, diéu khién cong suét du
doan c¢6 kha niang dy doan diéu kién kénh truyén. Piéu khién cong suat qua hai
budc sé& dicu khién cong suat phat ciia may di dong chat hon dudi kénh truyén
fading. Budc thir nhét 12 bl su sai biét giita cong suat thu duoc va cdng suat tdi uu
va budc thir hai 12 bl anh huong fading ma tin hiéu cia may di dong s& phat & lan
truyén tiép theo.

4.6.3 Dy don cong suit thu dwoc ké tiép
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Gia sur gia tri Az (k) budc tin hi¢u thi k tir may di dong s& dén tram gdc véi
mitrc cong suat thu tdi wu:
Az} (K) = Phiny - fa(K) - Pa(K) (4.21)
Cong suit thu tai thoi diém k+1 1a:
Prir(K+1)=Fri(k+1) + Pri(k+1)=fui(k+1)+Pn(K) + Az (K) (4.22)

:fni(k+1) _fni(k)+ Png:,rv = Ani (k) + Png:,rv (423)
O 1 2 3 4 5|6 7 8 9 1011
o -
< 1bit =1/9600sec >
Power control update period = 1.25 msec = 12 bits

Hinh 4.4 Nhom diéu khién cdng suat duong 1én

O diéu khién cong suat vong kin duong 1én, tram gdc s& tao va guri 1énh diéu
khién cong suat gom 12 bit cr mdi 1.25 msec. Nhom 12 bit ndy goi 1a nhém diéu
khién cong suat nhu ¢ hinh 4.4. Cong suat thu dugc 1a trung binh muc cong suét 12
bit dir liéu. Cing Mot mirc cong suat duoc 4n dinh cho 12 bit tai may di dong,
nhung tai tram gdc mdi bit s& dén véi cac muc cong suat khac nhau do kénh truyén
fading thay doi theo thoi gian. Bang cach quan sat mirc cong suat cta nhimg bit
nay, cong suat thu ké tiép s& dugc du doan boi bo du doan tuyén tinh va anh hudng
fading c6 thé duoc bl mot cach hiéu qua.

Dua trén sy khac nhau ctia cong suat 12 bit trong nhoém diéu khién cong suat
thanh phan fading c6 thé duoc du doan va diing cho md hinh diéu khién cong suat
c6 hiéu qua. Nhitng nhém nho (subgroup), ma dugc chia ra dé tim gia tri quan sat
cho dy doan fading la:

LI
Pitt== PRI, (4.24)
D i-iDna

V6i 1=1,2,...,D, D=12/m, D>4 va D, m la s6 nguyén. P} 14 gia tri cong suat ctia
bit thr j trong nhém diéu khién cong suat.

Pau tién, cac gid tri A,va A, dugc tinh toan dya trén cAc gia tri quan sat
P! jt nhat 14 4 gid tri quan sat. Tir 2 gid tri A,va A, duoc tinh toan nhu sau:

_ psub,D-2 sub,D-1 2 _ psub,D-1 sub,D
A1 - Pni - Pni va AZ - Pni - Pni
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2
_ D+1A _ D+1(A,) (4.25)

A
o2 P 2 A

o7k prub4 1 power control group J

P
™

il
el

0.6 E
2 os A4 1
S ———_____________"> BE_____ S N —
o Actual next recerved power level \
1/4800 sec
0.2

-1k k+1 k2 k3 k+d k+5 kS kT kTR
Time (= 1/4800 sec)

Hinh 4.5 Dy doan cong suit thu véi D=6
Gia tri cong sudt thu ké tiép duoc du doan 1a:

D+1 (Pnsi“b'D‘l _ Pnsiub,D )2
2 (Pnsi“b'D‘2 _ PnSiub,D—l)

eni = Pni,NEXT = I:)nsiuuD -A, = I:)nwb'D - (4-26)

Hé s6 fading c6 thé du doan dua vao cac hé s fading trude d6. Do chinh xéac
cia du doan nay phu thudc vao sé lugng gia tri quan sat va téc do thay doi cua
fading. S6 luong gia tri quan sat dé du doan cong suét thu ké tiép ¢ fading cham thi
I6n hon so véi fading nhanh. Do d6 ma sb lugng nhom nhé ciing duoc chon tlly

thudc vao toc do fading nhanh. Gia tri Az, =P, —Py. & duoc diéu chinh theo

gia tri dy doan nhu sau:
At , if A\, <0o0r@,<0
At = . . (4.27)
At +P, ., -0, otherwise
) Ps_ub,D—l _ s_ub,D
Voi  ay=-m P

ni — 5sub,D-2 sub,D-1
I:)ni - I:)ni

Thuat toan diéu khién cong suat du doan dugc cho ¢ hinh 4.6. Dya vao gia
tri Az? & phuong trinh (4.27), tram gbc s& gui 1énh diéu khién cong suat dén may

di dong thir n dé may di dong diéu khién cong sut phat nhu sau:
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3,if Azl <-5¢

2,if 5 <Al <3¢

1if -3¢ <A7rP <-— )

C.(k+)=1"" i <€ V6i & = 0.5AP (4.28)
0,if —e<Ar) <&

-1if e<Ar) <3¢

-2,if Al >3¢

ni —

Trinh ty trong thuét toan diéu khién cong sut dy doan:

1. Tram gdc tinh cong suat phat tdi wru, wdc lwong cong suat phat dir liéu P, va
dong thoi dya vao cong suat ciia cac nhoém bit trong 12 bit diéu khién cong
suit ma du doan dugc cong suét thu tiép theo 0, theo dudi dnh huéng ctia
fading. Luu y 12 bit nay dugc phan thanh cac nhom va né duogc goi tir tram
di dong dén tram goc 1a cac bit dé du doan fading, khac véi 12 bit trong
nhom diéu khién cong suét tir tram gdc dén tram di dong.

2. So sanh 2, hoac 6, vdi 0, 16n hon hoac nho hon 0.

3. Dua vao gia tri so sanh ¢ budc 2 ma dua ra gia tri At?,.

4. Quyét dinh Iénh diéu khién cong suat Cy; cho tram di dong dya vao gia tri AtP, .
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Uéc lugng cac thong so Pni,est v

Popt Pi 0<j<11
[
—» ] v
AT ATﬂi = I:>ni — I:>ni,es;t P doc A
ni
<>
PATP = AT . Yes

2
]
A

Piéu chinh hé sb
quyét dinh 6.,
Yes

>

p * 9ni
> ATni = ATni + Pni _eni j_

ATnpi Pni
v
Lénh diéu khién cong Tram gée
suat :
+_ Cu Tram di d9
L Cong sut diéu chinh | am di dong

Hinh 4.6 Thuat toan dy doan dé diéu khién cong suét
4.6.4 Phéan tich BER
BER la yéu t6 quan trong dé so sanh hi¢u suét trong cac hé thong vién thong.
BER phu thudc vao SNR ma bao gom xur 1y fading. Vi ham mat do xac suat PDF

ciia hé s6 a cho trudc, BER tuwong tng c6 dang [4]:

< P < S
Pr(e) = ! Q[a /mjf(a)da - ! QWS {mjds (4.29)
Véi S =a % va E[S]=E{%}=E[a] ;2
V(K-DP+o (K-1)P+o \(K-1)P +o

BER turong tng voi hé théng duoc diéu khién cong suat hoan hao:

P
Pr(e) = Q[ /mj (4.30)

Thuyc té, cong suét phat khong thé duoc diéu khién mot cach hoan hao, va do
d6 cong suat nhan dugc va SNR nhan duoc xem nhu 1 cac bién ngau nhién. Néu
bién ngau nhién SNR thu dugc ki hiéu 12 S va f(S) 1a ham mat do xac xuat, thi BER

sé la:
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Pr(e) = IQ(\E Jr [%jds

GP. . )
Véi S=——""—— cho tat ca cac may di dong.

Z I:)mi,rv +O-2

Va Q(x Gt v x> 0.

1
)=zl
4.7 Hé thong MC-CDMA véi bing chon loc thich nghi

Trong hé thong MC-CDMA, nhiéu séng mang phu dugc ding dé truyén dix
licu tbc d6 cao, mdi dir liéu dugc diéu ché boi song mang phu khac nhau va chiu
anh huong cua nhiing kénh truyén khac nhau. Bang cach truyén dir liéu chi trén
nhitng bang tan sd duoc chon lya tir toan bo cac bang tan phu, mo hinh truyén dir
licu méi ABS (Adaptive Band-Selection) s& cai thién dung luong hé théng MC-
CDMA. Cung luong cong suat phat va phat cing luong dit liéu thi mé hinh nay s&
dat BER t6t hon hé thong MC-CDMA ding toan bo bang thong. Do d6, dung luong
hé thong c6 thé dugc cai thién.

4.7.1 Truyén dir li¢u trén bing chon loc thich nghi

Cac may di dong truyén dir liéu trén M bang da duoc chon loc dua vao hé sé
chon lya bang tan tur tram géc. Do d6, ta ki hiéu M/N cho hé théng MC-CDMA
trong d6 N 1 tong s6 bang, con M 1a sé bang d4 dugc chon loc dé truyén dir lidu.
Khi ma s6 bang M=N, c6 nghia 1a truyén dir liéu trén tat ca cac bang tan. Trong hé
thdng M/N, may di dong truyén thong tin trén M bang chon loc va gui tin hiéu tham
khao (reference signal) v6i mirc cong suat thip hon so voi cong suat cua dir liéu
trén N-M bang con lai. Tin hiéu tham khao nay dugc dung dé cap nhat hé s chon

loc bang tan tir tram goc.
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Giai diéu ché Udc lugng cong Quyét dinh hé sb
va traipho suat cho tirng bang chon lua bang tan

Tin hi€u ctuia
uer khéac Heé sb chon lya
bang tan

Fading

Bang truyén du liéu Dinh lai cong xuAt va chi
truyen dir li¢u truyén

Dt li¢u thong tin

Hinh 4.7 So d6 khdi truyén trén bang loc thich nghi ciia hé thong MC-CDMA
Dbi voi hé thong MC-CDMA sir dung bang chon loc thich nghi thi toc do bit

DPiéu ché da song
mang va trai pho

Bang truyén tin
hiéu tham khao

cua truyén dir liéu phai cao hon so voi hé thong MC-CDMA str dung toan bo bang
tan, do sb bang dé truyén dit liéu it hon. Néu dit liéu duogc truyén véi toe do r cho hé
théng N/N, thi hé théng M/N phai truyén véi toc d6 r*N/M dé dam bao luu luong
truyén 14 nhu nhau. Tang téc do bit nghia 12 giam d6 loi xir 1y. Do d6 hé sd trai pho
s& giam tuc 14 s6 luong chip trén mot bit giam. Nhu vy do loi xtr 1y s& giam, néu
d6 loi xtr 1y cta hé théng N/N 1a G, thi G’=G*M/N cho hé théng M/N. Vi thé ma
lam giam kha nang loai bo nhiéu giao thoa tir cac user. Pay 1a mot nhuoce diém cia
hé thong sir dung bang chon loc thich nghi.

Trong hé thdng MC-CDMA thong thuong, tong cong suat phat cia may di

dong n voi N bang tan 1a: > P, ¢Ong sudt trung binh cho mdi bang s& la:

Priavg=P/N cho h¢ théng MC-CDMA N/N. Trong hé thong M/N, méy di dong chi
truyén dir liéu trén M bang d& chon loc, va giri tin hiéu tham khao (reference signal)
trén nhitng bang con lai. Tram gdc can biét didu kién kénh truyén cua ca nhiing
bang dugc chon va nhitng bang khong duoc chon dé cap nhat hé sé chon lya biang
tan mot cach thich nghi. Do d6, cong sudt trung binh trén mdi bang dugc chon lya:

P

ni,i=select

=P/(M +(N-M)pB) va cong suat trung binh cta bang con lai s& 1a:
Pni,i;tselect = ﬁ'Pni,i:select = ﬁP/(M +(N -M )ﬁ)’ Voi ﬁ:M/(Sé bit tI'OIlg Il'lf)t chu k‘l Cﬁp
nhat*N)<< 1 13 hé sb nén. Mirc cong suat phat dé truyén dit liéu s& duoc chi dinh dé

bul lai sy giam sat cua ti 1& loai bé nhiéu tir cac user khac do do loi xur ly giam.
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4.7.2 Phwong phap xac dinh hé s6 chon loc bing tan

May di dong khong biét gi vé diéu kién kénh truyén & duong 1én. Tram gbc
s& kiém tra diéu kién kénh truyén dua trén tin hiéu thu dugc tir may di dong. Sau do,
tram gbc s& guri hé sd chon loc bang tan tuwong tmg dé phat dir liéu. Tram goc s& cap
nhat hé sb chon loc bang tan sau timg chu ki cap nhat (1.25msec) dé may di dong co

thé chon lya bang tan ki hiéu 1a:

S11 S12"'Slj"'SlN
' . 1, nél bang j chon
S=[Sy S, Sy Sy Vo1 Snj:{ A a-gj 0<p<<l (4.31)
. B, con lai
SKl SKz"'SKj"'SKN

Do kénh truyén vo tuyén thay d6i theo thoi gian, ma tran S sé thay doi thich
nghi tiy theo diéu kién moi truong trong mdi chu ki cap nhat chon lya bang. N6
dua trén tin hi¢u thu dugc tr may di dong.
4.7.2.1 Hé s6 chon loc bing tin t6i uwu

Pé dat duoc BER tdt nhat trong hé théng M/N, hé s6 chon loc bang tan duoc
xéac dinh bai tram gde nham cyc dai gia tri SNR thu duoc ké tiép twong tmg cia tap
I (k+1) cho moi n, v&i I,(k+1) la tap con chira M bang d4 chon lwa cho truyén dir
lieu thtr (k+1) cta user thir n. Hé s6 chon loc bang tan t6i wu dat dugc 14

K N
Chon S*(k+1) dé {;idz(k:imm (k +1)} dat cuc dai va ;Pm =P.

Chi s6 thoi gian k va tong cong suét phat cia may di dong 1a P. Chon ma tran
chon Iira bang tan can phai xem xét N¥ hé s6 chon loc biang tin c6 thé va kiém tra
tong gia tri SNRy(k+1) cho tat ca kha nang I,(k+1). Tuy nhién, viéc xem xét tat ca
N" kha ning cua hé sb chon loc bang tin cho mdi chu ki cip nhat hé sb thi khong
thuc dung. Do do, nhiéu phuong phép thay thé duoc xem xét dé chon hé ) chon loc
bang tan dya trén tin hiéu thu hién thoi: chon bang tan dya trén SNR va chon bing
tan dya trén cdng suat.

e Luat dua trén SNR cho hé s6 chon loc bang tan:
Tram géc s& xac dinh hé s chon loc bang tan sao cho cuc dai gia tr1 SNR cho

tap In(k+1) cho mdi user. Tram gbc do gia tri SNR cho tit ca cic song mang phu
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cia moi may di dong, va quyét dinh hé sé chon loc bang tan cho timg user nhu

Sau.
Chon S™(k+1),

N ~
Nham cuc dai { D> SNR (k)} va » P, =P cho moi may di dong thi n.

iel, (k+1) =1

"(k+1), ti s6 tin hiéu trén nhiéu cho nhimng bang dugc chon

Dua trén ma tran S
lya tai thoi diém (k+1) sé 1a:
GS™P o (k+1)

ni % ni

SNR (k +1) = cho mdin vai. (4.32)

K

Y Si(k+DP,al (k+1) + o
v=l,v#n

e Luat dua trén cdng suat cho hé s6 chon loc bing tan:
Tram géc s& x4c dinh hé sb chon loc bang tan dé cuc dai muc cong suat thu cho
tap I,(k+1) cho mdi user. Tram gbc s& do mirc cong suit cua tit ca cic song
mang phu ctia may di dong va quyét dinh hé sé chon loc bang tan cho timg user
nhu sau:

Chon SP"(k+1),

N

Nham cuc dai { D GP;(K)ak (k)} va Y P, =P cho moi may di dong thir n.

el (k+1) =

Tram gbc udc luong cong suét cua dir lidu thong tin cho nhiing bang tan

dugc chon va cdng suat chuan hoa cho nhitng bing con lai, so sanh tat ca cac

muc cong suat va xac dinh hé s chon loc bang tan. Dya trén SP°*(k+1), ti sd tin
hiéu trén nhiéu cua nhitng biang dugc chon sé la:

GS™P_ a2 (k +1)

ni % ni

SNR™ (k +1) = cho mdin vai. (4.33)

K

ZSSE’W(k +1)P .o’ (k+1) +c°
v=1,v#n

4.7.2.2 Phan tich BER trong h¢ théng 1/N

BER phu thudc vao gia tri SNR & tram gbc vad SNR nhan duogc 12 ham cia
diéu kién kénh truyén. Trong phan phan tich nay ta chi xét truong hop mot tram di
dong lién lac véi tram gbc qua kénh truyén fading AWGN va Rayleigh trong giéi
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han cac hé théng 1/N. BER duéi diéu kién kénh truyén fading dugc xac dinh co
dang [4]:

2 1 SNR
P_(e) = ! P(e | x)f, (x)dx =§{1— sﬁu} (4.34)

V6i Prne(€[X)=Q(x+/SNR ) V3 SNR = E[XZ]G—PZ”i véi mdi n va i. Bién nglu nhién X
(¢}

dai dién cho duong bao fading c6 phan bd Rayleigh nhu sau: f, (x) =2xe ™ Véi
x>0.

Gia s rang tram di dong biét hét cac diéu kién vé kénh truyén cua tat ca cac
s6ng mang phu. Khi d6 tram di dong c6 thé str dung kénh t6t nhat dé truyén dir lidu
tin tirc. Do d6 dudng bao fading 16n nhét trong s cac dudng bao fading cua tat ca
cac song mang phu s€ 1dam cuc dai SNR nhan dugc, tram di dong nén phat dir liéu
tin tirc qua kénh truyén tot nhat voi dudng bao fading 16n nhat dé dat dugc chat
lugng t6t nhat. BER cua hé théng 1/N phu thudc vao su phan bd gia tri cuc dai
trong s6 N bién ngiu nhién X; véi 1<i< N, ma c6 phan phbi Rayleigh. Dat gi tri
I6n nhat trong s6 cac bién ngau nhién X; 1a Y; khi d6 Y c6 thé biéu dién nhu sau:

Y=max{X,Xs,....Xn}-
Ham phan phdi lily tich CDF(Cumulative distribution function) cia Y nhu sau:
F(0)=P(X,<ynX,<yn..nX, <y)
=P(X; < y)P(X, <y)--P(X, <)
= Fy, (Y)Fx, () Fy, ()
={R)",

V6i Fy(x) 1a CDF ciia X va Fy(X)=F, (x;) véi moi i. Him m4t d6 pho cong suét PDF

(4.35)

cuay la:
f,(y) = w = N(F, ()", (y)=2Nfi—e [ 7 ye ¥ voi y0.
Do d6 BER ciia cac hé thong 1/N 1a:
P,(e)= TQ(y\/SN:R )fy(y)dy V6i SNR = E[yz]%. (4.36)
>

4.8 Két luan chwong
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Trong cac hé théng MC-CDMA, mdi dit liéu duoc diéu ché boi cac song

mang phu khic nhau va chiu fading ciing khac nhau nén chét lugng dich vu phu
thugc vao SNR cia mdi song mang tai tram gdc. Do d6, cong suat phat cia timg
s6ng mang ciing phai duoc diéu khién theo timg biang. Do tinh truc giao cua cac
sdng mang phu, nhiéu tir cac user khac khong bi gy ra bdi cac song mang phu khac
nhau ma 1a bai cac may di dong cia cling mot song mang phu. Piéu dé ¢ nghia 13
diéu khién cong suat du doan s& cai thién hé théng MC-CDMA, khi ma giai thuat
du doan dugc dung dé duy doan duong bao fading cho timg séng mang phu thay vi
cho ting user. Vi thé, diéu khién cong suit band-based véi giai thuat dy doan s& cai
thién dung luong hé théng MC-CDMA. Pong thoi tmg dung diéu ché thich nghi
vao trong hé théng MC-CDMA s& nang cao chat luong BER hon so véi hé thong
MC-CDMA diéu ché trén toan bo song mang.

Chuong 5
KET QUA TiNH TOAN VA MO PHONG
5.1 Gidi thiéu chuong
Chuong nay méd phéng cic phwong phap diéu khién cong suit trong hé
théng MC-CDMA da dwoc phén tich vé mit ly thuyét. Chwong trinh mo
phéng gdom 2 phan sau:
MO PHONG: Pua ra cic wa diém va nhwoc diém ciia cac phwong phap diéu
khién cong suat dua trén su so sanh vé cong suiat phat, SNR, BER ciia buéc cd
dinh (fixstep), da mirc (multilevel), dr doan trwéc(predictive), dong thoi ing
dung thém phwong phap diéu ché thich nghi vao hé thong MC-CDMA.
DEMO: Cac md hinh vé h¢ thong MC-CDMA.
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<) CHUONG TRINH MO PHONG DIEU KHIEN CONG SUAT TRONG HE THONG MC-CDMA

DAI HOC BACH I_xHOA PA N&NG

-----

DIEU KHIEN CONG SUAT

TRONG HE THONG MC CDMA

GIOT THIEY ME PHONG
Narrai thue hleli Nguyen Vian Xais £ /./

iy T 03DT2 §o
Nolro‘l hﬁ‘l‘fmgndan...ﬂl.s Nguvt' u‘y Nhit Vién

Hinh 5.1 Giao dién mé phéng chwong trinh

5.2 Cac thong s6 mo phong

C4c thdng s6 md phéng chwong trinh nhw bang sau:

S6 ngwoi sir dung 5:15
Toc dd bit 9600
Do loi xir ly 32

S6 s6ng mang 16
Tan so6 Doppler (fsT) 0.0031
Chu ky cap nhat cong 1.25
suat(gidy)

Hinh 5.2 Bang théng s6 md phéng
5.3 M0 phong
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5.3.1 M@ phong phuong phéap diéu khién cong suét fixed step

Luu d6 thuét toan :

—

Bit dau ]
v

Nhap K s6 thué bao,N s6 séng mang, s6 vong lip
| bing 80 14n , khéi tao Pni ban dau, ¥,

, ~
Tram goc tinh:
P, (K)a?
SR, (k) = — (kK)o
mei (k) +c?
m=1m=#n
yes SNRni(k) No

v

Lénh diéu khién cong suat
Cni=-1

v
Lénh dieu khién cong suat
Cni =1

A
=

<& |

Tram di dong:
Pni=Pni + Chi AP

yes

k <I

[ Két thic ]
Hinh 5.3 Luwu @6 thuit toan diéu khién cong suit theo budc co dinh(fixed-step)

Chuong trinh mo6 phong:
Nhan xét:

Qua hinh 5.4 ta thay sir dung phwong phap diéu khién cong suit theo bwéc
c6 dinh ta thy rang dén lan thir 23 (tiec 1a chu ky diéu khién cong suit thir 24)
cong suat phat ciia tram di dong méi di vao 6n dinh, tuy nhién vin con thing
giang tir 24dB dén 27 dB.
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<) dieukhiencs @|ﬁ|@
BIEU KHIEN CONG SUAT TRONG HE THONG MC-CDMA

= : ! ) e— ! ! :

S8 nser 10
Céng st phat [ =2

Quan sdtuser 5

‘ BUdC O BINY ‘

BA MUIC l

cong suat phat(dB)

DU BOAN TRUSC
S0 SANH

TRG LAI

0 10 20 30 40 50 60 70 a0 a0
time(x1.25msec)

Hinh 5.4 Chwong trinh mo6 phéng diéu khién cong suit theo buwéc co dinh
5.3.2 M@ phong phuong phap diéu khién cong suat da muc (multilevel)
Nhan xét:
Duwra vao hinh 5.6 ta ciing thiy rang phwong phap diéu khién cong suit da
mire thi ciing dén chu ky diéu khién cong suat thir 30, cong suat phat ciia tram
di ddng méi dn dinh ,va sau d6 thi 6n dinh it thay ddi hon so véi phwong phap

dieéu khién cong suat budc co dinh.

Luu d6 thuét toan:

v

Nhép K s6 thué bao,N so séng mang, s6 vong lip I
bing 80 14n , khéi tao Pni ban dau, y,

3¢

Tram géc tinh:

GP

ni,rv

K
ZPmm +0?

m=1.m=#n

SNR,, =
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Hinh 5.5 Luwu dd thuit toan diéu khién cong suit da mirc (multi-level)

Chuong trinh mo6 phong:
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<} | dieukhiencs

25 T T T T T T T T
S8 eer 10 : ! : ] : : ; ]

Céng sudt phat 12

Quan sdtuser 5
0
[ BUGC C8 BINH ] B
7o 2
‘ BA MUC ‘ o
L 1} £

DL BOAN TRUDC
S0 SANH

TRG LAI

0 10 20 30 40 50 B0 70 80 80
tirme(x1.25msec)

Hinh 5.6 Chwong trinh diéu khién cong suat da mirc ( Multilevel)
5.3.3 M6 phong phuong phap diéu khién cong suat du doan trude (predictive).
Nhan xét:

Duwa vao hinh 5.8 ta thiy véi phwong phap diéu khién cong suat du doan
thi do c6 su dw don trwée fading nén tram di dong phat cong suat twong doi
on dinh , s thay d6i cong suat phat tir khi phat cong suit lan thir 1 cho dén lan
80 chénh léch it hon so v6i 2 phwong phap diéu khién cong suit bwée cé dinh

va phuwong phap diéu khién cong suat da mirc.

Luu d6 thuét toan
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Bit diu

v

Nhap K sb thué bao,N sb séng mang, s6 vong lip I
bang 80 1in , khéi tao Pni ban diu, ¥,

U lugng cac thong sé P, . va
Pl 0<j<11
T
Popt Y * Do dic 1
_ _ 0 dbc A,
ATm = I:)ni I:)ni,est ) "
A -
» Afnpi = Afni Yes
Piéu chinh hé sb
quyét dinh O,
> —Ar P o e 0.;
AP ATy = ATy + Py — 9, [ — p* Yes

\ A
Tram di dong:
Pni=Ppi + Ci AP

v
Yes

< ks >

v No
[ Két thic ]

Hinh 5.7 Lwu dd thuit toan diéu khién cong suit dw doan trudc(predictive)

Chuong trinh mo phoéng :
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<) dieukhiencs

PIEU KHIEN CONG SUAT TRONG HE THONG MC-CDMA
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Hinh 5.8 Chwong trinh diéu khién cong suit dw doan truwéc (predictive)
5.4 So sanh ba phuong phap dwa vao cong suat phat , SNR , BER
Nhan xét:

Nhin chung dwa vao SNR thi ba phwong phap diéu khién cong suat
khong khac nhau nhiéu, ca ba phwong phap déu hoic dong tot. Nhung so sanh
vé mirc cong suit phat thi phwong phap Predictive (du doan ) hoat djng 6n
dinh hon va mirc cong suit ciing thap hon do cé s dy doan diéu kién kénh
truyén ,va dua vao cong suit toi wu dé diéu khién nén d4 bu dwoc dnh hwong
fading mét cach hiéu qua. Va trong so sanh BER ciing da chirng minh dwgc
phuwong phap Predictive ( dw doan ) hiéu qua hon so 0 diéu khién cong suat

budc co dinh va so’ do dieéu khién cong suat da mire.

Chuong trinh md phong so sanh ba phuong phap dua vao céng suat phat
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Hinh 5.9 So sanh mirc cong suat phat ciia ca 3 phwong phap

Chuong trinh md phong so sanh ba phuong phéap dwa vao SNR:

<} sosanhdieukhiencs
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Hinh 5.10 So sanh SNR thu dwgc ciia 3 phwong phap

Chuong trinh mé phéng so sanh ba phuong phap dua vao BER:
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<) sosanhdieukhiencs

PIEU KHIEN CONG SUAT TRONG HE THONG MC-CDMA
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Hinh 5.11 Gi& tri BER thu dwgc ¢ 3 phwong phap
5.5 M6 phong hé théng MC-CDMA lya chon bang tan thich nghi (1/N )

So sanh BER ciia 2 phwong phap lea chon biing tin thich nghi dwa vao
SNR va dwa va cong suat. O ddy ta chi dirng lai & viéc moé phéng hé thong MC-
CDMA lya chon mét bing tin tot nhat dé truyén , tirc 12 chon mot séng mang
tot nhat dé truyén toan b dir liéu ciia user trong 16 séng mang.

Nhén xét:

Duwa vao chwong trinh md phéng ta thiy BER ciia phwong phap lra
chon bing tan thich nghi dwa vao cong suit tot hon so véi BER ciia phwong
phap lwa chon bing tin dwa vao SNR. Ly do 1a SNR phu thudc vao tam dong
ciia nhiéu giao thoa tir cic user khic dé chon hra bing tin, gia tri SNR khong
phai 1a co sé tot dé biéu dién diéu kién kénh truyén . Mic khac cong suit
chuin héa ddc 1ap véi hé s6 chon loc bing tin va twong quan giira cic mirc
cOng suat chuian héa phu thude vao didu kién kénh truyén. Do d6, viéc lwa chon
bing tin dua trén cong suit 1a co sé tot hon dé chon kénh truyén cho viée
truyén dir ligu.

M6 hinh md phong duoc thyc hién nhu so d6 hinh 4.6:
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Chuong trinh mo6 phong:

<} basedband

PIEU KHIEN CONG SUAT TRONG HE THONG MC-CDMA
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CAM O

Hinh 5.12 BER cho h¢ théng 1/16

5.6 Két luan chuong

Duwa vao chwong trinh md phéng cic phwong phap diéu khién cong suit
trong hé thdng MC-CDMA, phwong phap di doin (predictive) wa diém nhat
do diéu khién cong suit qua 2 buéc sé didu khién cong suit phat ciia may di
dong chit ché hon duéi kénh truyén fading. Pong thoi 4p dung k§ thuit diéu
ché thich nghi vao trong h¢ théng MC-CDMA véi phwong phap lwa chon biing
tin dwa vao cong suit sé cai thién dwrge cic gia tri BER so v6i hé thong MC-

CDMA sir dung toan b cac song mang phu dé truyén.
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KET LUAN VA HUONG PHAT TRIEN DPE TAI

Két luan

K§ thuat MC — CDMA la mot k¥ thuat rat moi dang dugc nghién ctru manh
m& trén toan thé gidi v6i kha nang truyén téc do cao, tinh bén viing vai fading chon
loc tan s, sir dung bang thong hiéu qua, tinh biao mat cao va giam d¢ phirc tap ciia
hé théng do thira huong tat ca nhitng wu diém cia CDMA va OFDM. MC-CDMA
la mot cho hé thong thong tin di dong trong twong lai. Chinh vi vay, viéc tim hiéu
vé PIEU KHIEN CONG SUAT TRONG HE THONG MC - CDMA 4 can thiét
va c0 y nghia thyc té.

Trong dd 4n nay dé cap mot cach tong quan vé ki thuat CDMA, OFDM va két
hop hai ky thuat CDMA véi OFDM thanh ky thuat méi goi 1a MC-CDMA Va néu
1én dugc nhimg uu diém, khuyét diém cia k§ thuat MC-CDMA. Tir nhiing wu diém
cia MC-CDMA dem lai khac phuc nhiing khuyét diém cia cong nghé CDMA va
ki thuat OFDM. Con chuong trinh md phong d thé hién y d6 mo phong. D6 1a dua
ra cac va diém va nhugc diém cia cac phuong phap diéu khién cong suat dya trén
su so sanh vé cdng suat phat, SNR, BER cua budc c¢d dinh (fixstep), da mirc
(multilevel), du doan trude(predictive), dong thoi img dung thém phuong phap diéu
ché thich nghi vao hé théng MC-CDMA.,

Tuy nhién trong qué trinh tim hiéu vé k¥ thuat MC-CDMA con ¢6 nhiéu han
ché, thiéu sot. Em s& ¢d gang tim hiéu thém.

Huéng phat trién dé tai

+ Tim hiéu vé ung dung k¥ thuat MC-CDMA trong viéc cai thién chat luong
duong truyén, str dung tin hiéu CI trong hé thong MC-CDMA.

+ Xay dyng h¢ thong thong tin két hop giita k¥ thuat MC-CDMA va anten thong
minh dé cai thién chat lvong kénh truyén tot hon.

+ Trong phan mo phong thi xay dung hé théng hoan chinh hon (nhu ¢6 khéi ma
hoa...), cho nhiéu loai nhiéu tic dong dén hé thong hon, trong hé¢ thdng DS-CDMA
sir dung thém may thu Rake con hé théng MC-CDMA thi sir dung céc ky thuat tach
song(ORC, EGC, MRC va MMSEC).
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Mot 1an nita em xin chan thanh cam on thay Nguyén Duy Nhat Vién, cing

céc thay co trong khoa Dién ti-Vién thong truong Pai hoc Bach khoa Pa Nang
cling tat ca cac ban d4 gilip d& em rat nhiéu trong nhung nam hoc vira qua.

Nguoi thuc hién

Nguyén Vin Xo
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