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LOI NOI PAU

Trong xa hoi hién dai ngay nay, nhu cau trao d6i thong tin 14 mot nhu
cau thiét yéu. Cac hé théng thong tin di dong ra doi tao cho con nguoi kha
nang théng tin moi luc, moi noi. Nhu cu nay ngay cang 16n nén sd luong
khach hang str dung thong tin di dong ngay cang tang, cac mang thong tin
di dong vi thé dugc mé rong ngay cang nhanh. Chinh vi vy, can phai c¢6
cac bién phap ting dung luong cho cac hé théng thong tin di dong hién co.
Hé théng CDMA ra doi va da chimg to duoc kha nang hd trg nhiéu user
hon so véi cac hé thong truéc d6. Hon nita, so voi hai phuwong phap da
truy nhép truyén théng 1a phan chia theo tan s6 FDMA va phén chia theo
thot gian TDMA thi phuong phap truy nhap phan chia theo ma CDMA c¢o6
nhirng dac diém noi troi: chéng nhiéu da duodng, co tinh bdo mat cao, ho
tro truyén dit liéu véi toc dd khac nhau. Tuy nhién, trong tuong lai, nhu
cau vé cac dich vu s liéu s& ngay cang ting, mang thong tin di dong
khoéng chi dap tmg nhu cau vira di vira ndi chuyén ma con phai cung cip
cho nguoi st dung cac dich vu da dang khac nhu truyén dir liéu, hinh anh
va video. Chinh vi vay, van dé dung luong va tbc d6 can phai duge quan
tam. Trong nhimg nim gan day, k¥ thuat ghép kénh theo tan sb truc giao
OFDM (Orthogonal Frequency Division Multiplexing), mot k¥ thuat diéu
ché da song mang, dugc st dung rong rii trong cac ung dung vo tuyén
cling nhu hitu tuyén. Uu diém cia OFDM 1a kha ning truyén dir liéu tdc
do cao qua kénh truyén chon loc tan sb, tiét kiém bang thong, hé théng it
phtc tap do viéc diéu ché va giai diéu ché da séng mang bang giai thuat
IFFT va FFT. Bé dap tmg nhu cau ngdy cang cao clia ngudi sir dung, ¥
tuong vé ki thuat MC-CDMA da ra doi, dua trén sy két hop cia CDMA
va OFDM. MC-CDMA ké thtra tit ca nhitng vu diém cia CDMA va
OFDM: toc do truyén cao, tinh bén vimg véi fading chon loc tan s, st

dung bang thong hi¢u qua, tinh bdo mat cao va giam do phtrc tap ctia hé



théng. Chinh vi vy, MC-CDMA 13 mdt Gng cir vién sang gia cho hé
thong thong tin di dong trong tuong lai. D6 4n gébm 3 chuong :

* Chuong 1: Cong ngh¢ CDMA

» Chuong 2: K¥ thuat OFDM

= Chuong 3: Cong nghé¢ MC-CDMA

Em xin gui 161 cam on chan thanh nhit dén toan thé Quy thay cd
Truong Pai Hoc Dan Lap Hai Phong. Quy thay co khoa Dién tir - Vién
thong da day dd, truyén dat nhitng kién thirc quy bau cho em trong suét 4
ndm hoc tap va rén luyén tai truong. Vi von kién thae duoc tiép thu
trong qua trinh hoc khdng chi 1a nén tang cho quéa trinh nghién cau d6 an
ma con 13 hanh trang quy bau dé em budc vao doi mot cach viing chac va
tu tin. Dac biét, em xin cam on cd Nguyén Thi Huong, ngudi di tan tinh

chi bao, huéng dan, giup d& em hoan thanh d6 &n nay.



Chwong 1: Cong nghé¢ CDMA

1.1 Gi6i thi¢u chwong

Cong nghé CDMA st dung k¥ thuét trai pho tin hiéu dé phat dir liéu
cing mot phd tdn. Tat ca cong sudt cua tin hiéu trong dudng truyén
CDMA dugc ddng thoi trén cing mot bang tan rong, phét trén ciing mot
tan sb va tin hiéu nguyén thuy s& duoc khoi phuc tai dau thu. Pong thoi
tin hiéu trai pho xuat hién trai rong déu trén toan bo bang tan voi cong
suat phat thip, do d6 loai bo duoc nhiéu, giao thoa. Trong chuwong nay
chung ta s€ di vao nghién ctru kha nang da truy nhap, phan tich uvu nhuoc
diém va diéu khién cong suit ctia qua trinh thu phat tin hiéu trong hé

thong CDMA.

1.2 Tong quan vé CDMA

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

Trong hé thong CDMA, mdi ngudi dung dugc cip phat mot chudi ma
(chudi trai phd) dung dé ma hoa tin hiéu mang thong tin. Tai may thu, tin
hiéu thu s& dugc ddng bo giai ma dé khoi phyc tin hiéu gdc va di nhién
may thu phai biét duoc chudi ma d6 dé ma ho4 tin hiéu. K¥ thuat trai phd
tin hiéu giup cac ngudi ding khong gay nhiéu 1an nhau trong diéu kién co
thé cung mot luc dung chung dai tan s6. Piéu nay dé dang thuc hién dugc
vi twong quan chéo gitta ma ciia nguoi ding mong mudn va mi cla cac
nguoi dung khac thap. Bing thong cia tin hiéu ma dugc chon 16n hon rat
nhiéu so voi bang théng cua tin hiéu mang thong tin; do d6, qua trinh ma
hoa s& lam trai rong pho ciia tin hiéu, két qua cho ta tin hiéu trai pho.

O céc hé théng thong tin trai phé, do rong bang tan cta tin hiéu duogc

mo rong hang trim 1an trude khi phat. Trai phd khéng mang lai hiéu qua
3



vé mat st dung bang thong d6i v6i hé thong don ngudi dung. Tuy nhién
n6 c6 uu diém trong moi truong da nguoi ding vi cac nguoi ding nay cd
thé dung chung mot bang tan trai phd véi can nhiéu 1an nhau khong dang
ke.

Kha nang da truy cap:

Néu cac ngudi dung phat tin hiéu trai pho tai cing mot thoi diém, may
thu c6 kha ning phan biét giita cac nguoi dung, do d6 cac ma trai phd cd
cac tuong quan chéo thap. Vi viy, bang thong cia tin hiéu coéng suit clia
nguoi ding mong mudn s& 16n hon cong suit gy ra boi nhidu va cac tin
hiéu trai pho khac (nghia 1a lac ndy tin hiéu cua nhitng nguoi dung khac
van la nhiing tin hiéu trai pho trén bang thong rong).

Bio vé chéng nhiéu da dwong:

Trong kénh truyén vo tuyén khong chi c6 mot dudng truyén gitta may
thu va may phat. Vi tin hiéu bi phan xa, khtic xa, nhiéu xa nén tin hiéu thu
duoc tai dau thu bao gém cac tin hi€u trén cac duong khac nhau. Tin hi¢u
trén cac duong khic nhau déu 1a ban sao cta cung mét tin hiéu nhung
khac bién dg, pha, do tré va gbc to1. Khi cOng tat ca céc tin hiéu nay lai s€
tao nén nhitng tn s6 moi va ciing 1am mat di mot sd tan s6 mong muon.
Trong mién thoi gian diéu nay lam phan tan tin hiéu. Piéu ché trai pho
chdng lai nhidu da dudng, viée giai trai phd s& coi phién ban cia tré 1a tin
hiéu nhiéu va giit lai mot phan nhé cua tin hidu nay trong bang thong tin
hiéu mong mudn, tuy nhién né phu thudc nhiéu vao phuong phap diéu ché
dugc st dung.

Bdo mat:

Vi tin hiéu trai pho str dung toan bing thong tai moi thoi diém nén nod
cO cong suat rat thép trén mot don vi bang thong, va viéc khoi chi duoc
thuc hién khi biét dugc ma trai pho. Diéu nay gay kho khin cho viéc phat

hién tin hiéu da trai phé) tirc 14 tinh bao mat rat cao.



Khir nhiéu bing hep:

Tach song déng bo tai may thu lién quan téi viéc nhan tin hiéu nhan
duoc voi chudi ma duge tao ra bén trong may thu. Tuy nhién nhu ching
ta thiy & may phat, nhidu bing hep sé& bj trai ph6 sau khi nhan né v6i ma
trdi phd. Do d6, cong sudt ciia nhidu ndy trong bang thong tin hiéu mong

mudn giam di mot lugng bang do loi xur 1y.

1.3. Ma trai pho

M3 dung dé trai phd 1a mot chudi tin hiéu gia ngiu nhién. Tin hiéu
ngau nhién 1a tin hiéu ma ta khong thé du doan trudc su thay doi ctia nd
theo thoi gian va dé biéu dién tin hiéu ngudi ta dua vao 1y thuyét xac suat
thong ké. Vi tin hiéu gia ngiu nhién thi khong hoan toan ngau nhién. Co
nghia, v4i thué bao nay né khong ngiu nhién, 13 tin hiéu c6 thé du doan
trude ca phia phat va phia thu nhung véi cac thué bao khac thi né 1a ngau
nhién. N6 hoan toan doc 1ap véi tin hi€u, khong phai 1a tin hiéu va co tinh
chat thong ké cia mot tin hiéu nhidu trang. Cac ma trai phd c6 thé 1a cac

ma gid tap am PN hoac cac ma duoc tao ra tir cac ham truc giao.

1.3.1 Chudi mi gia ngiu nhién PN
Chudi PN 13 mot chudi nhi phan c¢6 ham tuong quan gidéng nhu ham

twong quan ciia mdt chudi nhi phan ngau nhién qua mot chu ky. Mic du
quy luét bién doi ciia cac chudi nay 13 hoan toan xac dinh nhung chudi PN
c¢6 nhiéu dic tinh gidng véi chudi nhi phan ngau nhién, chang han: sb bit
0 va bit 1 gan bang nhau, trong quan chéo giita ma PN va phién ban bi
dich theo theo thoi gian cua no la rat nhé. Chudi PN dugce tao ra béng
cach st dung cac mach logic tuan tu. Loai quan trong nhét trong sb cac
chudi PN 1a chudi thanh ghi dich co s6 2 ¢6 chiéu dai cuc dai hay con goi
1a chudi m. Mot chudi m trong mot chu ky 1a -1/N” ddi vé6i twong quan

chéo va ‘1’ do6i1 voi tu turong quan.



Ham ty twong quan dugc dinh nghia nhu sau :

R =~ Y pn(kpn(k - (1.1)

T-1 llTili y lT“lH :
A

Hinh 1.1 Ham twong quan ciia chuéi PN

Trong do:
pn(k) 1a chudi m

pn(k- 1) 1a phién ban tré theo thdi gian ctia ma pn(k) mot khoang

1.3.2.Chudi ma trai pho Walsh-Hardamard
Cac ham Walsh dugc tao ra tir cdc ma tran vuong dac biét NxN goi 1a

cac ma tran Hadamard. Cac ma tran nay chira mot hang toan s6 0 va céc
hang con lai ¢6 s6 s6 1 va s6 s6 0 bang nhau. Him Walsh duoc cau tric
cho d¢ dai khéi N=2! trong d6 j 1a mot s6 nguyén duong. Céc t6 hop mi &
cac hang cia ma tran la cac ham truc giao dugc xac dinh theo ma tran

Hadamard nhu sau:

Trong d6 H,, 1a dao co sb hai cia Hy
Trong thong tin di dong CDMA, mdi thué bao sir dung mot phan tur
trong tap cac ham truc giao dé trai phd. Khi d6, hiéu suat sir dung bang
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tan trong hé thong s€ 16n hon so vai khi trai pho bang cac ma dugc tao ra

bdi cac thanh ghi dich.

1.4 K§ thuit tri pho

Trai pho 1am cho tin hiéu dugc phat gidng nhu tap 4m dbi v6i cac may
thu khdng mong muén, lam cho cac may thu nay kho khan trong viéc tach
va léy ra duoc ban tin. Dé bién d6i ban tin thanh tin hiéu tya tap am, ta su
dung mé ngiu nhién dé mi hoa ban tin. Tuy nhién, may thu chu dinh phai
biét ma nay dé c6 thé tao ra ban sao ma nay mot cach chinh xac, déng bo
v6i mi dugc phat va lay ra ban tin.

Vi véy ta phai str dung ma “gia” ngau nhién. M nay phai dugc thiét ké
dé co do rong bang tan 16n hon nhiéu so véi do rong bang tan cua ban tin.
Ban tin dugc ma hoa sao cho tin hiéu sau khi ma hoa c6 do rong pho gan
bang d6 rong pho cua tin hiéu gia ngiu nhién. Qu4 trinh nay duoc goi 1a
“qua trinh trai phd”. O may thu thuc hién qua trinh nén phd tin hiéu thu
duoc dé tra lai do rong phé béng do rong phé ban dau ctia ban tin.

Mot hé théng thong tin dugc xem la trai phé khi thoa 2 diéu kién:

= Bing thong tin hiéu da trai pho 16n hon rat nhiéu so v&i bang thong tin
hi¢u thong tin.

= M3 dung dé trai phd doc 1ap vai tin hiéu thong tin.

Hinh v& 1.2 minh hoa mot hé thong thong tin trai phd, trong d6 i(t) 1a
tin hiéu tin tirc c6 tée do dir liéu 1a R; va bang théng B;, c(t) 1a chudi trai
phd c6 tde do ky hiéu 1a R, con goi 13 tdc do chip. Ty sb bing théng Bg
cua tin hiéu trai phé) so v6i bang thong tin tirc B; duoc dinh nghia la dd loi
xu ly:

Gg = =S (1.3)



Brai thy trim
’/1//\/05.11 nhign
D) (@ Ed loc

héng thing 13;
Tin higu tin titc s(t) () d(t)[F
i(t) '@ -
tic dd R, Tin higu
hing thing B I ] tin tive thu
' rit)

Cludi trad phd coft) Cldi trai phé coft)
thc dd chip R thc 46 chip Re
hang thing B, héng thing B,

Hinh 1.2 Hé théng théng tin trdi phd
Uu diém cta k§ thuat thong tin trai phd

= Kha ning da truy cap: Cho phép nhiéu user cung hoat dong trén mot dai

tan, trong cuing mot khoang thdi gian ma may thu vén tach riéng duoc tin

hiéu can thu. D6 1a do mdi user da duoc cép mot ma trai phé riéng biét,

khi may thu nhan dugc tin hiéu tir nhiéu user, n6 tién hanh giai ma va tach

ra tin hiéu mong muén.

= Tinh bao mat thong tin cao: Mat do phod cong suét cua tin hiéu trai phd
rat

thap, gan nhu muc nhidu nén. Do do, cic may thu khong mong mudn kho

phat hién dugc sy ton tai cua tin tirc dang dugc truyén di trén nén nhiéu.

Chi may thu biét dugc chinh xac quy luat cta chudi gia ngdu nhién ma

may phat st dung méi c6 thé thu nhan duoc tin tic.

= Bao vé chong nhiu da duong: Nhiéu da duong 13 két qua ctia sy phan
X4,

tan xa, nhidu xa... cua tin hiéu trén kénh truyén vO tuyén. Cac tin hiéu

dugc truyén theo cic dudng khac nhau nay déu 1a ban sao cua tin hiéu

phat di nhung da bi suy hao vé bién d6 va bi tré so vai tin hiéu duoc

truyén thang (Line of Sight). Vi vay tin hiéu thu dugc & may thu da bi sai

1éch, khong gidng tin hiéu phat di. Sir dung k¥ thuat trai pho c6 thé tranh



dugc nhidu da duong khi tin hiéu trai phd sir dung tot tinh chét tu tuong

quan cua no.

1.4.1 Ky thuit trai pho diy truc tiép (DS/SS)
MBJi bit dir liéu dugc biéu dién bang chudi nhiéu chip (tbc do chip 16n

hon nhiéu 1an so véi toc do bit).
M3 trai phd 1am pho tin hiéu rong ra ty 1& so véi s6 chip dugc dung.
Mot phuong phép cu thé dung dé trai pho chudi truc tiép:

= Két hop dit liéu voi ma trai phd bang mach XOR

- Bit 1 s& lam ddo cuc tinh ma trai ph.

- Bit 0 khong 1am thay d6i.
MBoi user sir dung mdt ma trai pho riéng cac ma trai phd co sy tuong

quan chéo rat thap.
Power

Tin hiéu chwa trai pho

Tin hiéu da trai phd

f £ f f

C S S c

frequency

Hinh 1.3 Tin hiéu trdai pho



Spreading

Dala 1 " ‘i______'_ i —— _-&_‘,
Spreading i . | S—
L ! | | F —
| | I
L | | : F —
' Despreading BB
Sreacding - = i = = S ———
uuuuuu L] ] —
— N
Hinh 1.4 Qud trinh trai pho
trai pho DS
MAY PHAT Em i Tin hiéu
5| B diduché| sqt) | | trii phé’
e o BPSK | I s()
di¥ lieu nhi phan | I
I ct) |
- e— em em mm == = - |
| Ngl.!f:n bit |
| [9ia ngau nhién |

Hinh 1.5 May phat DS-SS
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Giai trai phé DS

MAY THU |- - - -
| . .
Tin hiéu s(t) I Sd() |Giai didu ché
trai phé (BPSK) :
' I di¥ liéu nhi phin
' |
I c(t) |
"— |
I Ngudn bit
gia ngiu nhién |
I I
L o = = = e e e e e e e
Hinh 1.6 May thu DS-SS
Uu diém

= (6 thé thyc hién da cip ma khong can ddng bo gilta cac may phat.

= Viéc tao ra cac tin hiéu ma hoa tuong d6i don gian do chi can str dung
cac

bo nhan.

Nhuoc diém

= Cip may phat-thu phai duoc dong bo chip,sai sé ddng bo phai nhé hon

chu ky chip (Tenip)

= Cac mdy phat gan mdy thu c6 thé gay nhifu va lam sai 1éch tin hiéu tir
cac

may phét ¢ xa (hiéu ing gan-xa).

1.4.2 Trai phd nhay tin (Frequency Hopping Spread Spectrum)
Tin hiéu dugc phat di trén mot diy cac tan s6 dudong nhu l1a thay do6i

ngau nhién.Va phia may thu ciing thay doi lién tuc giita cc tan sb theo
thtr ty nhu phia may phat. Nhitng may thu trom kho c6 thé thu dugc dung
thong tin,viéc thu trom & tan s6 ndo d6 chi anh huong dén vai bit dir

liéu. Thuong dung L trang thai nhay tan s6 (L= 2" -1 véi N 1a chiéu dai
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chudi mi). Mdi kénh phat trong mot khoang thoi gian xac dinh.Theo
IEEE 802.11 1a 300mS. Chudi tan sb duoc qui dinh boi mot ma trai phd

Po war g
Tin higu thu nhay tir tan
=0 nay sang tan =0 khac

Fragqumanesy

MEng lrong

A
5 8 3 6 1 7 4 2
[ I T T I | T
f, o fy f, fg fg fop fy Tan =6
(&) Sdp thu tr kénh
Tan =t
A
- [
I ]
fo |- ]
's| ]
| [ ]
[ ]
|- ]
q ]

-
Thoi gian
(b) =% dung cac kénh

Hinh 1.7 Ky thudt trdi phé nhdy tan

12



Trai phd FH

[ o— o ——
dir liéu | | e
nhi phin Bé diducha| Sd ) _| Tin hiéu trai pho
—_— i’SK ha 1 LOC thONg o i—
S oor : [ tinsétong)| SO
| o !
| |
I | Ténghep :
(| _tinss |1 MAY PHAT
|
I
———————— |
I Nguén bit Bang sap | |
| gia nhieu thir ty kénh |

Hinh 1.8 May phat FH-SS

Giai trai phd FH

s(t)

Tin hiéu

| oc thong daj__g|Gidi diéu ché |

trai phd i : FSK
P Ioae ha{ BPSK) dir ligu
I | higu) g nhi phan
|
| |
| [ Tenghep |!
tin so | )

| MAY THU
| |

———————— |

! Nguén bit Bangsap | |

I'| gianhiéu P! thir tu kénh |

Hinh 1.9 May thu FH-SS
Trong hé thong trai phd nhay tan, ctr sau khoang thoi gian Ty tan sb

song mang lai nhay sang mot tan sd khac.Téc do nhay tan c6 thé nhanh
hodc cham hon so véi toe do bit Ty, ctia tin hiéu thong tin.
Néu fy > f, : Trong khi may phat phat mot bit dit liéu, c6 it nhat mot lan

nhay tan s6. Va hé théng duoc goi la nhay tan nhanh
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f 1 0 1 FHSS NHANH

Q=N Whun Nl

fime

Hinh 1.10 Nhdy tdn nhanh
Néu fy < f, : Sau mdi lan nhay tan, may phat phat lién tiép mot so bit

trude khi nhdy sang mot tan s khac. Va hé thdng duoc goi 12 nhay tan

cham.
FHSS CHAM
f - 0 1 1 0 o0 1 0O 0 1 0
6
5
4
3
2
1
0 tirme
Hinh 1.11 Nhay tin chdm
U'u diém :

= DE dong b hon hé théng dung k¥ thuat DS — SS do hé théng FH — SS
chap nhan sai s6 dong bo trong khoang thoi gian Ty >> Tenip trong hé
théng DS — SS.

= X4c suat nhi€u user cung truyén trén mot tan so tai mot thoi diém la rat
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nho. Vi vay c6 thé tranh duoc hiéu Gmg gan — xa do cic user & gan tram

gbc va xa tram gdc co thé dang phat & cac tan sd khac nhau.

= H¢ thong FH — SS ¢6 thé sir dung bing thong rong hon nén kha ning
triét

nhidu bang hep tét hon hé thong DS — SS.

Nhwoc diém :

= Pé dat duoc s6 tan s6 nhiéu (d6 loi xtr i cao) 1a van dé hét sic kho

khin. D6 1a van dé thiét ké bo tong hop tan sé.

= Sy thay d6i dot ngot tan sé cua tin hiéu khi nhay tan dan dén viéc ting

bang tan st dung.

1.4.3 Trai pho nhay thoi gian (Time Hopped Spread Spectrum)
Truc thoi gian dugc chia thanh cac khung (frame). Mdi khung lai duoc

chia thanh k khe thoi gian (slot). Trong mdt khung, tuy theo ma cua tung
user ma no s€ st dung mot trong k khe thoi gian ctia khung. Tin hi€u dugc
truyén trong mdi khe ¢ téc d gip k 1an so v6i truong hop tin hiéu truyén
trong toan bo khung nhung tan sé can thiét dé truyén tiang gap k lan.

F'Y Khe

Tan sb

Khung = Thoi gian,—

Hinh 1.12 Trai phé nhay thoi gian

1.5 Chuyén giao
Chuyén giao 1 thi tuc can thiét dam bao thong tin duoc lién tuc trong
thoi gian két ndi. Khi thué bao chuyén dong tir mot cell nay sang mot cell
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khac thi két n6i véi cell méi phai duoc thiét 1ap va két ndi véi cell cii phai

duoc huy bo.

1.5.1 Muc dich ciia chuyén giao

Ly do co ban cta viéc chuyén giao 1a két ndi vo tuyén khong thoa man
mot bd tiéu chuan nhat dinh va do d6 UE hoidc UTRAN s& thuc hién céc
cong viée dé cai thién két ndi d6. Khi thyc hién cac két nbi chuyén mach
g01, chuyén giao dugc thuc hién khi ca UE va mang déu thuc hién truyén
g6i khong thanh céng. Cac diéu kién chuyén giao thuong gip la: diéu kién
chat luong tin hiéu, tinh chat di chuyén cta thué bao, su phan bd luu

luong, bang tan...

Diéu kién chit lugng tin hiéu 1a diéu kién khi chat luong hay cuong do
tin hiéu v6 tuyén bi suy giam dudi mot ngudng nhat dinh. Chuyén giao
phu thudc vao chét lugng tin hi¢u dugc thuc hién cho ca huéng 1én lan

hudng xudng ciia dudng truyén dan vo tuyén.

Chuyén giao do nguyén nhan luu luong xay ra khi dung luong luu
luong cua cell dat toi mot gigi han tdi da cho phép hodc vuot qua ngudng
gi61 han dé. Khi do cac thué bao ¢ ngoai ria cta cell (c6 mat do tai cao) sé

dugc chuyén giao sang cell bén canh (c6 mat do tai thap).

S6 luong chuyén giao phu thudc vao tbc do di chuyén cua thué bao.
Khi UE di chuyén theo mot hudng nhat dinh khong thay doi, toc do di
chuyén cua UE cang cao thi cang c6 nhiéu chuyén giao thuc hién trong
UTRAN.

Quyét dinh thuc hién chuyén giao thong thuong dugc thuc hién boi
RNC dang phuc vu thué bao d6, loai trir truong hop chuyén giao vi 1y do
lwu lwong. Chuyén giao do nguyén nhan luu lugng dugc thuc hién boi trung

tam chuyén mach di dong (MSC).
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1.5.2 Cac loai chuyén giao

Tuy theo hinh thirc st dung trong cac co ché chuyén giao, ¢ thé phan
chia chuyén giao thanh cdc nhém nhu: chuyén giao cung, chuyén giao
mém va chuyén giao mém hon. Chuyén giao dam bao thong tin duoc duy
tri lién tuc khi cdc MS di dong tir cell nay sang cell khac hay gitra cac dai
quat trong cting mot cell. Chuyén giao phai dung va nhanh dé thong tin

khong bi ngét quang, khéng bi mat tin hiéu khi dang di chuyén.

1.5.2.1 Chuyén giao mém va mém hon
Chuyén giao mém va mém hon dua nguyén tac két noi1 “nodi trude khi

7
=49

cat”.

Chuyén giao mém hay chuyén giao giita cdc cell: LA chuyén giao duoc
thuc hién gitra cac cell khac nhau, trong d6 tram di dong bat dau thong tin
v6i mot tram géc mGi ma van chua cat thong tin véi tram goc cii. Chuyén
giao mém chi c6 thé dugc thuc hién khi ca tram géc cii 1an tram géc mai
déu lam viéc ¢ cung mot tan s6. MS thong tin véi 2 sector cua 2 cell khac
nhau (chuyén giao 2 dudng) hoic vdi 3 sector ctia 3 cell khac nhau

(chuyén giao 3 duong).

Chuyén giao mém hon: La chuyén giao dugc thyc hién khi UE chuyén
giao gitta 2 sector ctia cting mdt cell hoic chuyén giao giita 2 cell do cting
mot BTS quéan 1y. Pay 1a loai chuyén giao trong d6 tin hiéu méi dugc
thém vao hoac xo6a khoi tap tich cuc, hodc thay thé béi tin hiéu manh hon &
trong cac sector khac nhau cua cung BTS.

Trong trudng 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 dugc thuc hién dong thoi, trudng hop nay goi 1a chuyén
giao mém - mém hon.

Chuyén giao mém - mém hon: MS thong tin véi hai sector cta cung mot

cell vd mot sector cua cell khac. Cac tai nguyén mang can cho kiéu

17



chuyén giao nay goém tai nguyén cho chuyén giao mém hai duong gitra

cell A va B cong voi tai nguyén cho chuyén giao mém hon tai cell B.

1.5.2.2 Chuyén giao cirng

Chuyén giao cimg duoc thuc hién khi can chuyén kénh luu lugng sang
mot kénh tan s6 méi. Cac hé théng thong tin di dong t6 ong FDMA va
TDMA déu chi sir dung phuong thirc chuyén giao nay.

Chuyén giao cting dya trén nguyén tic “cat truéc khi ndi” (Break
Before Make) c6 thé duoc chia thanh: chuyén giao clmg cung tan s va
chuyén giao cting khac tan sb. Trong qua trinh chuyén giao ctng, két ndi
cli dugc giai phong trude khi thyc hién két ndi méi. Do vdy, tin hiéu bi
ngat trong khoang thoi gian chuyén giao. Tuy nhién, thué bao khong cé
kha nang nhan biét duoc khoang ngimg d6. Trong truong hop chuyén
giao cumg khac tan s, tin sb song mang cta kénh truy cip vo tuyén méi

khéc so vdi tan s6 song mang hién tai.

Nhuoc diém cta chuyén giao cing 1a co6 thé xay ra rot cudc goi do chat
luong cia kénh mdi chuyén dén trd nén qué xau trong khi kénh cii da bi

cat.

1.6 Piéu khién cong suit trong CDMA

Trong CDMA, diéu khién cong suat dugc thue hién cho ca duong 1én
1An duong xubng. Vé co ban, diéu khién cong suit duong xudng c6 muc
dich nham t6i thiéu nhidu dén cac cell khac va bu nhiéu do céc cell khic
gay ra cling nhu nham dat dugc mic SNR yéu cau. Tuy nhién, diéu khién
cong suat cho dudng xudng khong thuc su can thiét nhu diéu khién cong
suat cho duong 1én. Hé théng CDMA sir dung cong suat duong xudng
nham cai thién tinh ning hé théng bang cach kiém soat nhiéu tir cac cell
khac.

Piéu khién cong suat dudng lén tac dong 1én cac kénh truy nhap va luu

luong. N6 duogc st dung dé thiét 1ap dudng truyén khi khai tao cudc goi
18



va phan tng lén cac thing giang ton hao duong truyén lén. Muyc dich
chinh cua diéu khién cong suat duong 1én nham khic phuc hiéu tng xa-
gan bang cach duy tri mic cong sudt truyén dan cia cic may di dong
trong cell nhu nhau tai may thu tram gbc voi ciing mot QoS. Do vay viée
diéu khién cong suat duong 1én 1a thuc hién tinh chinh cong suit truyén
dan ctia may di dong. Hé thong CDMA st dung hai phuong phap diéu

khién cong suat khac nhau :

= Diéu khién cong suit vong hd (OLPC).
= Piéu khién coéng suit (nhanh) vong kin (CLPC).

bicu khién cong suat vong trong.

bicu khién cong suat vong ngoai.

L'EQ By

Bifu khién céng suit vang hi

s
-

Hinh 1.13 Cdc co ché diéu khién céng sudt ciia CDMA
1.6.1. Piéu khién cong suit vong hé (OLPC)

Mot phuong phap diéu khién cong suét 1a do sy diéu khuéch (AGC-
Automatic Gain Control) & may thu di dong. Trudc khi phat, tram di dong
giam sat tong cong suat thu dugc tir tram gdc. Cong suat do duge cho thay
ton hao duong truyén dbi voi timg nguoi st dung. Tram di dong diéu
chinh cong suat phat cia minh ty 1& nghich véi tong céng suat ma né thu
dugc. C6 thé phai diéu chinh céng suat & mot dai dong 1én ti 80 dB.
Phuong phap nay duoc goi 1a diéu chinh cong suit vong hd, & phuong

phap nay tram gdc khong tham gia vao cac tha tuc diéu khién cong suét.
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OLPC str dung chil yéu dé diéu khién cong suat cho duong 1én. Trong
qua trinh diéu khién cong suat, UE xéc dinh cudng d6 tin hiéu truyén dan
bang cach do dac mirc cong suat thu cua tin hiéu hoa tiéu tir BTS ¢ dudng
xubng. Sau d6, UE diéu chinh murc cong suét truyén dan theo hudng ty 18
nghich vé1 muac cong suét tin hiéu hoa tiéu thu duoc. Do vay, néu mirc
cong suét tin hiéu hoa tiéu cang 16n thi muc cong sudt phat caa UE

(P_trx) cang nho.

Vi¢c diéu khién cong suat vong ho 1a can thiét dé xac dinh muc cong

sudt phat ban dau (khi khoi tao két ndi).

Utde tinh cudmg dd hoa tiéu

> Our

- : ,, —
P trx = l/cuomg dg hoa tiéu

Hinh 1.14 OLPC duong lén
1.6.2 Piéu khién cong suat vong kin (CLPC)
CLPC dugc st dung dé diéu khién cong suat khi két no61 da dugc thiét
1ap. Muyc dich chinh 13 dé bu nhiing anh huéng cta su bién doi nhanh cua
muc tin hiéu vo tuyén. Do dé, chu ky diéu khién phai du nhanh dé phan

ung lai su thay doi nhanh ctia mirc tin hi€u v tuyén.

Trong CLPC, BTS diéu khién UE ting hodc giam cong sudt phat.
Quyét dinh tang hoic giam cong suat phu thudc vao mirc tin hiéu thu SNR
ta1 BTS. Khi BTS thu tin hiéu tir UE, n6 so sanh mtrc tin hiéu thu vé1 mot
mirc ngudng cho trudec. Néu mure tin hiéu thu duogc vuot quéd mic ngudng
cho phép, BTS sé gui 1énh diéu khién cong sudt phat (TPC) toi UE dé
giam muc cong suat phat cia UE. Néu muc tin hiéu thu dugc nhé hon
mirc ngudng, BTS sé gti 1énh diéu khién dén UE dé ting mirc cong suét

phat.
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Ouyﬁ"t dinh §
diéu khién
cong sudt BT

R
i

Lénh TPC )
Bifu chinh
P trx ciia UE

theo 1§nh TPC

ra

Lénh TPC lDE

Bidu chinh
P_trx ca UE
theo Iinh TRC

TPC: Transmit Power Control: Diéu khién cong suit truyén dan.

Hinh 1.15 Co ché diéu khién cong sudt CLPC
Céc tham s duogc str dung dé danh gia chat lugng cong suat thu nham

thuc hién quyét dinh diéu khién cong suat nhu: SIR, ty 18 16i khung-FER,
ty 1& 16i bit BER. Co ché CLPC néi trén 1a co ché diéu khién cong suét
vong trong va d6 co ché diéu khién cong suat nhanh nhét trong hé thong
CDMA.

1.7 Két luén chwong
Chuong nay giéi thiéu vé phuong phéap da truy cap phan chia theo ma

CDMA, phuong phéap ndy ciing dugc xem nhu k¥ thut da truy cép phd

trai rong. Cac ky thudt trai phd duge st dung trong cong nghé CDMA nhu

la:

= Trai pho tryc tiép nhan tin hiéu bang cach diéu ché tin tirc bang tin hiéu

gia ngau nhién bing rong.

= Trai phd nhay tan 1a nhay hodc chuyén tin sb séng mang trén mot tap
tan

sb theo mot mau xac dinh bai day PN.

= Trai phod nhay thoi gian thi dir liéu duoc phat di thanh timg cum gém k
bit

dir liéu va thoi diém chinh xac dé phat méi cum duoc xac dinh bdi day

PN.
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Moi loai h¢ thong trai pho c¢6 uu va nhugc diém ctia minh. Viéc lya

chon hé théng nao dé sur dung phu thudc vao ting dung cu thé.

Bang 2.1 So sanh cac kj thuat trai pho trong CDMA

o y o ‘ Trai pho nhay thoi
Trai pho truc ti€p Trai pho nhay tan )
gian

- Lam giam cong | - Tai thoi diém bat ky di | - Tranh nhiu bang
sudt nhiu bang | cho cac ngudi dung khac | cach phong ngira
cach trai no trén pho | nhau cac tan s6 khac nhau | nhiéu  hon  mot
tan rong. vi thé tranh duoc nhidu nguoi  dung phat
- Dung giai diéu ché | cung thoi diém.

- C6 thé thiét ké véi | khong két hop vi kho duy
giai diéu ché két|tri dong bo pha song
hop hodc khong két | mang do sy thay doi
hop. nhanh cua tan s6 phat.

- C6 kha nang chiu
dung tdt cac tin hiéu
da tia va cac can

nhiéu.

Mot mo hinh CDMA duoc trinh bay ngan gon trong chuong nay nham
nam bat dugc nhing 1y thuyét co ban vé hé thong CDMA. Pé tng dung
cho viéc truyén dit liéu di duge kiém soat cling nhu dugc bao mat thi
cong viéc trai pho lai 1a rat quan trong. Do hé thong MC-CDMA tong hop
tir cac ki thuat OFDM va CDMA nén & chuong tiép theo chiing ta s& ban
vé k¥ thuat OFDM.
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Chuong 2: Ky thuat OFDM

2.1 Giéi thiéu chwong

Ghép kénh phan chia theo tan sd truc giao OFDM (Orthogonal
Frequency Division Multiplexing) 1a k¥ thuat diéu ché da song mang
dugc str dung rong rii trong cac ing dung vo tuyén lan hiru tuyén. OFDM
duoc chon lam chuan cho hé théng phat am thanh s6 DAB, hé théng phat
hinh s6 DVB va mang LAN khéng day... Uu diém cia OFDM la kha
nang truyén dir liéu tbc do cao qua kénh truyén fading o tinh chon loc tan
s6 va str dung bang thong hiéu qua. Ngoai ra, qua trinh didu ché va giai
diéu ché da song mang c6 thé dugc thuc hién dé dang nhod phép bién doi
Fourier thuan va nghich. Trong chuong nay ching ta s€ di sau vao tim
hiéu tung dac diém cia OFDM: khai niém, diéu ché da song mang, h¢
thdng OFDM bing co s, k¥ thuat xir 1i tin hiéu OFDM, chén Pilot, tién t&
lap CP...

2.2 H¢ thong OFDM
2.2.1 So' d6 khoi

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

» Piu tién, dong dir li¢u vao tdc d6 cao duoc chia thanh nhiéu dong dir
liéu song song toc do thdp hon nhd bd chuyén d6i S/P(Serial/Parallel).
Mbi dong dir liéu song song sau d6 dugc ma hoa sit dung thuat toan
FEC(Forward Error Correcting) va duoc sap xép theo mdt trinh tu hdn
hop. Nhitng ky tw hdn hop duoc dua dén dau vao cua khdi IFFT. Khéi
ndy sé& tinh toan cdc mau thoi gian twong ung voi cac kénh nhanh trong
mién tan s6

= Sau d6, khoang bao vé dugc chen vao dé giam nhiéu xuyeén ky tu ISI

do truyén trén cac kénh vo tuyén di dong da dudng. Cudi ciing bd loc phia
phat dinh dang tin hiéu thoi gian lién tuc s& chuyén ddi 1én tan s6 cao dé
truyén trén cac kénh.

= Trong qua trinh truyén, trén cac kénh s& c6 cac ngudn nhiéu giy anh
huéng nhu nhiéu Gausian trang cong AWGN.

= O phia thu, tin hiéu thu duoc chuyén xudng tan s6 thap va tin hiéu roi
rac dat duoc tai bo loc thu. Khoang bao vé dugc loai bé va cac mau dugc
chuyén ddi tir mién thoi gian sang mién tan s bang phép bién d6i DFT
dung thuat todn FFT. Sau do, tuy vao so do diéu ché dugc su dung, su
dich chuyén vé bién do va pha ciia song mang nhanh s& dugc can bang
bang bo can biang kénh(Channel Equalization). Cac ky tu hdn hop thu
duoc s€ duoc sép xép nguoc trd lai va dugce giai ma. Cubi cung, chung ta
nhan duoc dong dit liéu ndi tiép ban dau.

Pa song mang (Multi-Carrier)

Néu truyén tin hiéu khong phai bang mot séng mang ma bang
nhiéu s6ng mang, méi séng mang tai mét phan dir liéu cé ich va
dugc trai déu trén ca bang thong thi khi chiu anh huéng xau cua dap
tuyén kénh s& chi c6 mot phan di lidu c6 ich bi mat, trén co sé dit liéu

ma cé&c s6ng mang khac mang tai c6 thé khdi phuc dit liéu c6 ich.
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Hinh 2.2: Cdu tric hé thong truyén dan da song mang.
Do vay, khi st dung nhiéu séng mang c6 toc do bit thap, cac dir liéu

goc s& thu duoc chinh xé&c. Bé khdi phuc dit lieu dd mat, nguoi ta sir
dung phuong phép sta 16i tién FFC. O may thu, mdi séng mang
dugc tach ra khi dung bo loc théng thuong va giai diéu ché. Tuy
nhién, dé khoéng c6 can nhidu gitta cac séng mang (ICl) phai c6
khoang bao vé khi hiéu qua phd kém.

OFDM la mot ky thuat diéu ché da song mang, trong do dir liéu duoc
truyén song song nho vo s6 séng mang phu mang cac bit thdng tin. Bang
cach nay ta co thé tan dung bang théng tin hiéu, chéng lai nhiéu gitra
cac ky tu,...Dé lam dugc diéu ndy, mot song mang phu can mot may
phat séng sin, mot bd diéu ché va giai diéu ché cua riéng nd. Trong
truong hop s6 séng mang phu 1a kha 16n, diéu nay la khong thé chap
nhan dugc. Nham giai quyét van dé nay, khdi thuc hién chac nang bién
d6i IDFT/DFT duoc ding dé thay thé hang loat cac bo dao dong tao
séng sin, b diéu ché, giai diéu ché. Hon nita, IFFT/FFT dugc xem la
mot thuat toan gidp cho viéc bién doi IDFT/DFT nhanh va gon hon
bang cach giam s6 phép nhan phac khi thuc hién phép bién doi
IDFT/DFT va gilp tiét kiém bo nhé bang cach tinh tai chd.

Véi hé théng da séng mang OFDM ta c6 thé biéu dién tin hiéu & dang

Sau:
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Trong do:

al k 1a dir liéu dau vao dugc diéu ché trén song mang nhanh tha k
trong symbol OFDM tht |

N: sb séng mang nhéanh

L: chiéu dai tién t6 lap (CP)

Khoang cach song mang nhanh la %: NlT

Giai phap khac phuc hiéu qua phd kém khi ¢ khoang bao vé (Guard
Period) 1a giam khoang cach céc séng mang va cho phép phé cua cac
s6ng mang canh nhau tring lap nhau. Su trung lap nay duoc phép néu
khoang cach gitra cac song mang dugc chon chinh xac. Khoang cach
nay duoc chon ung véi truong hop song mang truc giao vai nhau. Do
chinh 1a phuong phap ghép kénh theo tan sé truc giao. T gitta nhiing
nam 1980, nguoi ta da ¢ nhitng Y tuong vé phuong phép nay nhung
con han ché vé mat cdng nghé, vi kho tao ra cac bo diéu ché da séng
mang gia thanh thap theo bién d6i nhanh Fuorier IFFT. Hién nay, nho
ung dung cong nghé mach tich hop nén phuong phap nay dd duoc dua
vao tmg dung trong thyc tién.

Sw truc giao (Orthogonal)

Orthogonal chi ra rang c6 mot mdi quan hé chinh xac gitta cac tan sb
cia C4c song mang trong hé théng OFDM. Trong hé thong FDM
théng thuong, cadc song mang dugc cach nhau trong mét khoang phu
hop dé tin hiéu thu c6 thé nhan lai bang céch sir dung céc bo loc va
cac bo giai diéu ché thong thuong. Trong cac may nhu vay, cac khoang
bao vé can duoc du liéu trude gitta cdc s6ng mang khac nhau. Viéc dua

vao céc khoang bao vé nady lam giam hiéu qua s dung phd cia hé
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théng.

Pbi v4i hé thdng da song mang, tinh truyc giao trong khia canh
khoang céch gitra cac tin hiéu la khéng hoan toan phu thudc, dam bao
cho cac séng mang duoc dinh vi chinh xac tai diém gdc trong phd diéu
ché cua mdi séng mang . Tuy nhién, c6 thé sip xép cac song mang
trong OFDM sao cho cac dai bién cua chdng che phu Ién nhau ma céac
tin hiéu van c6 thé thu dugc chinh xac ma khong co sy can nhiéu giita
cac song mang. Pé co dugc két qua nhu vay, cac song mang phai truc
giao vé mat todn hoc. May thu hoat dong gdm cac bo giai diéu ché, dich
tan mdi séng mang xuéng mac DC, tin hiéu nhan duoc lay tich phan
trén mot chu ky cia symbol dé phuc hoi dit lieu goc. Néu moi song
mang déu dich xuéng tan sé tich phan cua séng mang nay (trong mot
chu ky t, két qua tinh tich phan cac song mang khac sé la zero. Do do,
cac song mang doc 1ap tuyén tinh v6i nhau (truc giao) néu khoang cach
gitra cac song 1a boi cua 1/t. Bat ky su phi tuyén ndo gay ra boi su can

nhiéu cua cac song mang ICI ciing 1am mat di tinh truc giao.

Mién thoi gian Mién tin sb

Hinh 2.3: Triec giao ciia séng mang con trong mién thoi gian va mién tan
s0
Phan dau cua tin hiéu dé nhan biét tinh tudn hoan cta dang song,
nhung lai d& bi anh hudng boi nhidu xuyén ky tu (1SI). Do d6, phan nay
c6 thé duoc 1ap lai, goi la tién t6 lap (CP: Cycle Prefix).

Do tinh truc giao, cdc song mang con khéng bi xuyén nhiéu bai
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cac song mang con khac. Thém vao dd, nho ky thuat da song mang dua
trén FFT va IFFT nén hé théng OFDM dat duoc hiéu qua khong phai

bang viéc loc dai thdng ma bang viéc xir Iy bang tan géc.

2.3 Ky thuat xir ly tin hiéu OFDM
2.3.1 Ma héa sira sai truéc FEC

Trong h¢ thong thong tin s6 ndi chung, ma hoa sua sai truéc FEC
(Forward Error Correcting) dugc st dung dé nang cao chat luong thong
tin, cu thé 1a dam bao ty so 15i trong giéi han cho phép ma khong phai
nang cao gia tri cua ty s6 Eb/No (hodc SNR), diéu nay cang thé hién 1o &
kénh truyén bi tac dong cia AWGN. M3 hoa FEC dugc chia thanh 2 loai
ma chinh:
= M3 khéi (Block coding)
= Ma chép (Convolutional coding).

Ngoai ra, nguoi ta con dung ma hoa Trellis: 1a mot dang cua ma chap

nhung c6 thém phan ma hoéa. Bén thu c6 thé st dung thuat toan Viterbi.

2.3.2 Phan tan ki tw
Do fading lya chon tan sd cua cac kénh vo tuyén dién hinh 1am cho

nhitng nhom séng mang phu it tin cay hon nhitng song mang khac. Vi vay
tao ra cac chum 15i bit 16n hon dugc phan tan mot cach ngau nhién. Hau
hét cac ma sua 16i khong duoc thiét ké dé sira 18i chum. Do do, bd phan
tan ki tu duoc tao ra nhim ngau nhién hoa su xuét hién cua nhing bit 16i
trude khi giai ma. Tai bo phat, bang cach nao d6 ngudi ta hoan vi nhimg
bit 3 ma hod sao cho nhiing bit k& nhau bi cach nhau nhiéu bit. Tai bo

thu, viéc hoan vi nguoc lai dugc thuc hién trudce khi gidi ma.

2.3.3 Sip xép
Vé nguyén tac, co thé ap dung bat ky phuong phap diéu ché nao cho

moi song mang. Dang diéu ché dugc quy dinh bdi s6 bit & ngd vao va cap

gia tri (I, Q) ¢ ngd ra. Thc 1a dong bit trén mdi nhanh dugc sip xép thanh
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cac nhom cd Nys (1, 2, 4, 8) bit khac nhau tuong tng véi cac phuong phap
diéu ché BPSK, QPSK, 16-QAM, 64-QAM.

Dang diéu
Nbs z an, bn

ché
1 BPSK [£1]

PSK (4-

2 Q ( [£1]

QAM)
4 16 QAM [£1][3]
8 64 QAM [£1][£3][£5][£7]

Hinh 2.4 Bdng cdc gid tri an, by theo dang diéu ché
N6i chung, md hinh diéu ché tuy thudc vao viéc dung hoa giira yéu cau

tbc do truyén din va chat luong truyén dan. Mot vu diém dic biét hira hen
cho cac ung dung da phuong tién sau nay 13 mo hinh diéu ché khac nhau
c6 thé duoc ap dung cho cac kénh (séng mang phu) khac nhau, chang han

cho cac 16p dich vu khac nhau.

2.3.4 Str dung IFFT/FFT trong OFDM
OFDM 1a k¥ thuat diéu ché da song mang, trong d6 dit liéu dugc truyén

song song nho rat nhiéu séng mang phu. Bé 1am duoc diéu nay, c mdi
kénh phuy, ta can mot may phat song sin, mot bg diéu ché va mot bd giai
diéu ché. Trong truong hop sb kénh phu 1a kha 16n thi cach lam trén
khong hiéu qua, nhiéu khi 1a khong thé thyuc hién duoc. Nham giai quyét
van dé nay, khdi thuc hién chic nang bién d6i DFT/IDFT duoc dung dé
thay thé toan b cac bo tao dao dong song sin, bd diéu ché, giai diéu ché
dung trong mdi kénh phu.

FFT/IFFT dugc xem la mot thudt toan giap cho viéc thuc hién phép
bién d6i DFT/IDFT nhanh va gon hon.
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2.3.4.1 Phép bién doi
DFT la phép bién d6i Fourier roi rac (Discrete Fourier Transform), thuc

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

Gia st tin hiéu x(n) c6 chiéu dai 1A N (n= 0,1, 2, ..., N-1). Cong thirc
ctia phép bién doi DFT 1a

P
AN

X (k) = > x(n)W ,k=0,1,...,N-1 (2.2)

n

Il
o

2z

Trong 6 W, duoc xac dinhla Wy = e (2.3)
Do vay, Wk co giatrila

i 27kn
J

" (2.4)

Wik=e

= (Cong thirc ctia phép bién d6i IDFT 1a

z
[N

x(n) =& > XKW n=0,1,....,N-1 (2.5)

k

Il
o

= Chuyén d6i Fourier nhanh(FFT) 1 thuat toan gitip cho viéc tinh toan
DFT nhanh va gon hon.Tir cong thic (2.2), (2.5) ta thiy thoi gian tinh
DFT bao gom :

- Thoti gian thyc hién phép nhan phuec.

- Thoti gian thirc hién phép cong phurc.

- Thoi gian doc cac hé s6 Wy

- Thoi gian truyén sd liéu.

Trong d6 chil yéu 1a thoi gian thuc hién phép nhan phire. Vi vdy, mudn
giam thoi gian tinh toan DFT thi ngudi ta tip trung chii yéu vao viéc giam
thoi gian thuc hién phép nhan phtrc. Ma thot gian thuc hién phép nhan
phirc ti 1& voi s6 phép nhan. Do d6 dé giam thoi gian tinh DFT thi ngudi
ta phai giam duoc s lwong phép tinh nhanh bang cach sir dung thuét toan

FFT. Bé tinh tryc tiép can N? phép nhan. Khi tinh bang FFT so phép
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nhan chi con %Iog2 N. Vi vay toc do tinh bang FET nhanh hon tinh truc

2N
log, N

tiép 1a

Ngoai ra FFT con ¢6 vu diém giup tiét kiém bd nhd bang cach tinh tai

cho.

2.3.4.2 Ung dung FFT/IFFT trong OFDM
= S0 d0 khéi ciia hé thong OFDM sir dung FFT hinh 2.5

Hinh 2.5 So do khéi ciia hé thong OFDM diing FFT
Tai may phat, tin hiéu dugc dinh nghia trong mién tan s6, 1a tin hiéu sd

da duoc léy mau, va dugce dinh nghia nhu phé Fourier rdi rac ton tai chi
tai tan sb roi rac. Mdi séng mang OFDM tuong tmg véi mot phan tir ciia
phd Fourier r0i rac. Bién do va pha cua cac song mang phy thudc data
dugc truyén. Su chuyén tiép data dugc dong bo tai cic séong mang,va cd
thé xtr Iy cung nhau, symbol by symbol.

Xét mot chudi data(d,, dy, da,...,dy.1), trong d6 dy=a,+jb, (an,b,=%1 voi
QPSK,a b= +1,43 véi 16QAM,...)

N-1 2mmiN) N-L 2T,
— —J(zmm — N
D, = Z(;dne = Z;‘dne v6i k=0,1.2,...N-1 (2.6)
n= n=
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trong do f, =n/(AT), t,=kAt va At la khoang thoi gian ky tu dugc lua

chon mot cach tiy ¥ ctia chudi d,. Phan thuc ctia vector D ¢ thanh phan

N-1
Y,=Re B, > k, cos@af,t,)+b, sin@2aft,) ] k=0L..,N-1 2.7)
n=0 .

Néu thanh phan nay qua bo loc thong thap trong khoang thoi gian At, tin
hiéu dat duoc gén dang vai tin hi¢u FDM

N-1
y(t) = a,cos(2Af t,)+b, sin(2f t,) 0<t<NAt (2.8)
n=0

= Hinh (2.45 minh hoa qué trinh FFT cta hé théng OFDM co sd. Pau
tién, data vao dugc chuyén tir ndi tiép sang song song va dugc nhoém
thanh x bits dudi dang mot s6 phirc. S6 x xac dinh chom sao tin hiéu
clia song mang twong ung, nhu 16QAM hoic 32QAM. Sb phutc duoc
diéu ché trong bang gdc bang thuat toan IFFT va duoc chuyén tro lai
thanh data ni trén dudng truyén. Khoang bao vé duoc chén gitta cac
Ky tu dé tranh ISI. Cac ky tu roi rac duge chuyén thanh analog va LPF
dbi voi trén tan s6 RF.
May thu thyc hién qué trinh nguoc lai cua may phat. Mot bo tap-
equalizer dugc st dung. Hé s6 tap (tap-coefficents) cua bo loc duoc

tinh toan dya trén thong tin kénh.

2.4 Céc van dé ky thuat trong OFDM

OFDM la giai phap k¥ thuat rat thich hop cho truyén dan vo tuyén toc
d6 cao. Tuy nhién, dé co6 thé dem ap dung vao cac hé thong, c6 ba van dé
can phai giai quyét khi thuc hién hé théng st dung OFDM:
= Udc luong tham sé kénh.
= Pdng bd song mang

Van dé thir nhat lién quan truc tiép dén chi tiéu chat luong hé thong
OFDM néu dung phuong phap giai diéu ché lién két, con hai van dé sau

lién quan dén vi¢c xur ly cdc nhuogc di€ém ciia OFDM. Ngoai ra, d€ nang
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cao chi tiéu chat luong hé thong, nguoi ta st dung ma hoa tin hiéu

OFDM.

2.4.1 Uéc lhrong tham s6 kénh
Uéc lugng kénh (Channel estimation) trong hé théng OFDM 1a xéc

dinh ham truyén dat ctia cac kénh con va thoi gian dé thuc hién giai diéu
ché bén thu khi bén phat sit dung kiéu diéu ché két hop (coherent
modulation). Dé uwéc lugng kénh, phuong phép phd bién hién nay 1 dung
tin hiéu dan duong (PSAM-Pilot signal assisted Modulation). Trong
phuong phap nay, tin hi¢u pilot bén phat st dung 1a tin hi¢u da dugc bén
thu biét trudc vé pha va bién do. Tai bén thu, so sanh tin higu thu duoc
v6i tin hiéu pilot nguyén thily s& cho biét anh hudng cia cac kénh truyén
dan dén tin hiéu phat. Udc luong kénh c6 thé dugc phén tich trong mién
thoi gian va trong mién tan so. Trong mién thoi gian thi cac dap ung xung
h(n) cua cac kénh con duoc udc luong. Trong mién tan s thi cac dap tmg
tan s6 H(k) cua cac kénh con dugc udc lugng. Co hai van dé chinh duogc

quan tam khi sir dung PSAM :

» Vén dé thi nhét 1a lya chon tin hiéu pilot : phai dam bao yéu cau chéng
nhiéu, han ché ton hao vé ning luong va bang thong khi st dung tin hiéu
nay. Vo1 hé théng OFDM, viéc lya chon tin hiéu pilot co thé duoc thuc
hién trén gian dd thoi gian-tdn sd, vi vy k¥ thudit OFDM cho kha ning
lwa chon cao hon so voi hé théng don song mang. Viéc lya chon tin hi¢u
pilot anh hudng rat 16n dén céc chi tiéu hé théng.

= Van dé thir hai 13 viéc thiét ké bo udc luong kénh: phai giam dugc do
phtc tap cta thiét bi trong khi vAn dam bao duoc do chinh xac yéu cau.
Yéu cau vé toc do thong tin cao (tirc 1a thoi gian xtr 1y giam) va cac chi
tiéu hé théng 1a hai yéu cau ngugc nhau. Chang han, bo wdc luong kénh
tuyén tinh t6i wu (theo nguyén 1y binh phuong 16i nhé nhat-MSE) 1a bd
loc Wiener hai chiéu (2D-Wiener filter) c6 chi tiéu k¥ thuat rit cao nhung

cling rat phtic tap. Vi vdy, khi thiét ké can phai dung hoa hai yéu cau trén.
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2.4.2 Pong bd trong OFDM
Pong bo 1a mot trong nhimg van dé dang rat duoc quan tim trong ky

thuat OFDM bai n6 ¢6 ¥ nghia quyét dinh dén kha ning cai thién cac
nhugc diém cia OFDM. Chang han, néu khong dam bao sy dong bo vé
tan s6 song mang thi s& dan dén nguy co mat tinh truc giao giita cac song
mang nhénh, khién hé thong OFDM mét di cac vu diém dic trung nho su
tryc giao ndy. Trong hé théng OFDM, ngudi ta xét dén ba loai dong bo
khac nhau 13 : dong bd ky tu (symbol synchronization), dong bd tan sd
song mang (carrier frequency synchronization), va dong bo tan sb 1dy mau

(sampling frequency synchronization).

2.4.2.1 Pong b ky tu
Pong bd ky ty nham xac dinh chinh x4c thoi diém bat dau mot ky tu

OFDM. Hién nay, v6i k¥ thuét sir dung tién t6 1ap (CP) thi déng bd ky tu
da duoc thuc hién mot cach dé& dang hon. Hai yéu t6 can dugc chi ¥ khi
thuc hién dong bo ky tu 14 161 thoi gian (timing error) va nhiéu pha séng

mang (carrier phase noise).

= Ldi thoi gian

Ldi thoi gian giy ra su sai léch thoi diém bat dau mot ky tu OFDM.
Néu 16i thoi gian di nhé sao cho dép ung xung cta kénh van con nam
trong chiéu dai khoang tién t6 lap (CP) thi hé théng van dam bao su truc
giao giira cac song mang. Trong trudng hop nay thi thoi gian tré cua mot
ky tu dugc xem nhu 1a do dich pha ctua kénh truyén va do dich pha nay
duoc xac dinh nho k¥ thuat udc lugng kénh. Trong truong hop nguoc lai,
néu chiéu dai ctia CP nho hon 15i thoi gian thi hé théng s& xuat hién 15i
ISI. C6 hai phuong phéap dé thuc hién dong bo thoi gian, d6 1a : dong bo

thoi gian dua vao tin hiéu pilot va dong bo thoi gian dua vao tién té lap.
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= Nhiéu pha séng mang
Nhiéu pha séng mang 13 hién tuong khong on dinh vé pha ciia cc song

mang do su khong on dinh cta bd tao dao dong bén phat va bén thu.

2.4.2.2 Pong bd tan sé song mang
Trong ddng bd tan sd sdng mang, hai vin dé chinh duoc quan tim dén

Ia : 101 tan soO (frequency error) va thuc hién wdc lugng tan so.

= L3§i tin so

Lbi tan sd dugce tao ra do sy khac biét vé tan sb gitra hai b0 tao dao
dong bén phat va bén thu, do do dich tan Doppler, hodc do nhiéu pha Xuat
hién khi kénh truyén khong tuyén tinh. Hai 4nh huéng do 15i tin s6 giy ra
la : suy giam bién d6 tin hiéu thu duoc (vi tin hiéu khong duoc 1dy mau tai
dinh ctia mdi séng mang hinh sin) va tao ra nhiéu xuyén kénh ICI (vi cic

song mang bi mat tinh tryc giao).

= Uéc lwong tin sb

Tuong tu nhu k¥ thuat déng bo ky tu, dé thuc hién déng bo tan s, co
thé str dung tin hiéu pilot hodc sir dung tién to lip. Trong k¥ thuat sir dung
tin hiéu pilot, mot sé song mang duogc str dung dé truyén nhiing tin hiéu
pilot (thuong 1a cac chudi gia nhiéu). Sir dung nhimg ky tu da biét trudc
vé pha va bién do s& gitp ta udc luong duge do quay pha do 1i tan sb
gy ra. Dé ting d6 chinh xac cho bd udc luong, ngudi ta st dung thém

cac vong khoa pha (Phase Lock Loop-PLL).

Nhén xét : Mot van dé can dugc quan tdm dén 1a mdi quan hé gitra dong
bd ky tu va dong bd tan s song mang. Dé giam anh hudng cta sy mat
dong bo tan s6 séng mang thi c6 thé giam sé luong séng mang, ting
khoang cach giita hai song mang canh nhau. Nhung khi giam sb song
mang thi phai giam chu ky ctia mdi ky tu trén mdi song mang, din dén
viéc ddng bo ky tu rat kho khan va phai chit ché hon. Diéu d6 ching t6
hai van dé déng bo trén c6 quan hé chat ché 14n nhau, can phai co6 sy dung

hoa hop 1y dé hé thong dat dugc cac chi tiéu ki thuat dé ra.
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2.4.2.3 Pong bd tin s6 ldy miu
Tai bén thu, tin hi¢u lién tuc theo thoi gian thu duoc léy mau theo dé)ng

hd bén thu, vi vy s& xuét hién sy bat dong bo giita ddng hd bén phat va
bén thu. Nguoi ta dua ra hai phwong phap dé khic phuc su bat dong bo
nay. Phuong phép thir nhét 13 sir dung bo dao dong diéu khién bing dién
ap (Voltage Controlled Oscillator-VCO). Phuong phap thir hai duoc goi
1a : 1dy mau khong dong bo; trong phuong phap nay, cac tan sé 14y miu
van dugc gitt nguyén nhung tin hiéu dugc xt Iy sd sau khi 1dy mau dé

dam bao su déng bo.
2.5 Pic tinh kénh truyén trong ky thuit OFDM

2.5.1 Su suy hao
Suy hao 13 su suy giam cong suat tin hiéu khi truyén tir diém nay dén

diém khac. N6 1a két qua cua chiéu dai dudng truyén, chudng ngai vat va
hiéu tng da duong. Dé giai quyét van dé nay, phia phat thuong duoc dua
1én cang cao cang tt dé tdi thiéu sd luong vat can. Cac ving tao bong
thuong rat rong, toc do thay doi cong suat tin hiéu cham. Vi thé, né con

dugc goi 1a fading cham.

b amplitude

time or position

-
frequency

Hinh 2.6 Pdp itng tan sé ciia kénh truyén da dwong
2.5.2 Tap 4m tring Gaussian
Tap am trang Gaussian c6 mat do phd cong suat la dong déu trong ca
bang thong va tuan theo phan bd Gaussian. Theo phuong thirc tac dong thi
nhiu Gaussian 13 nhidu cong. Nhiu nhiét-sinh ra do sy chuyén dong
nhiét cia cac hat mang di¢n gy ra-la loai nhiéu tiéu biéu cho nhiéu

Gaussian tréng cong tac dong dén kénh truyén dan. Pac biét, trong hé
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thong OFDM, khi s6 séng mang phu 1a rat 16n thi hau hét cac thanh phan
nhiéu khac ciing c6 thé dugc coi 1a nhidu Gaussian tring cong tac dong
trén timg kénh con vi xét trén tirng kénh con riéng 1¢ thi dic diém cua cac

loai nhi€u nay théa man céc di€u ki€n cua nhi¢u Gaussian trang cong.

2.5.3 Fading Rayleigh
Fading Rayleigh 1 loai Fading (Fading phang) sinh ra do hién tuong da

duong (Multipath Signal) va xac suat mirc tin hiéu thu dugc suy giam so
v6i muc tin hidu phat di tuan theo phan b Rayleigh. Loai fading ndy con
dugc goi 1a fading nhanh vi su suy giam coéng suét tin hiéu rd rét trén
khoang cach ngan (tai cac ntra budc song) tir 10-30dB.

Trong méi trudong da duong tin hiéu thu dugc suy gidm theo khoang
cach do su thay doi pha ctia cac thanh phan da dudng (thay d6i pha 1a do
cac thanh phan tin hiéu dén may thu vao cac thoi diém khac nhau dén tré

lan truyén. Tré lan truyén s& gy ra sy xoay pha cta tin hiéu).

m Reflected

Trayamitter

Hinh 2.7 Cac tin hiéu da duong
Fading Rayleigh giy ra do sy giao thoa (tang hodc giam) boi sy két

hop cta cac song thu duoc. Khi bo thu di chuyén trong khong gian pha
giita cac thanh phan da dudng khac nhau thay doi giy ra giao thoa ciing
thay doi, tir d6 dan dén su suy hao cong suét tin hiéu thu dugc. Phan b
Rayleigh thuong duoc st dung dé mé ta trang thai thay doi theo thoi gian

cua cong suat tin hi¢u nhan dugc.
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2.5.4 Fading lwa chon tin so
Trong truyén dan vo tuyén dap tmg pho cta kénh 1a khong bang phang,

né bi dbc va suy giam do phan xa dan dén tinh trang c6 mot vai tan s6 bi
triét tiéu tai dau thu. Phan xa tir cac vat gin nhu mit dat, cong trinh xay
dung, ciy cdi co thé dan dén céc tin hiéu da duong c6 cong suit tuong tu
nhu tin hiéu nhin thing. Diéu nay sé tao ra cac diém “0”(nulls) trong cong

suat tin hiéu nhan duoc do giao thoa.

2.5.5 Trai tré
Trai tré (Delay spread) 1a khoang chénh léch thoi gian giita tin hiéu thu

truc tiép va tin hi¢u phan xa thu duogc cudi cung tai bo thu do hi€u img da
duong. Trong thong tin vo tuyén, trai tré c6 thé gay nén nhiéu xuyén ky tu
ISI. Piéu nay 1a do tin hiéu sau khi trai tré c6 thé chong 1an dén cac ki tu
lan can. Nhiéu xuyén ki tu s& ting khi téc do tin hiéu ting. Piém bat dau
ctia hiéu ng tang dang ké khi trai tré 16n hon khoang 50% chu ky bit.
Trong k¥ thuat OFDM, tdc d6 tin hiéu giam sau khi qua bo S/P lam cho

chu ky tin hiéu ting. Ttr d6 1am gidm nhiéu ISI do trai tré.

Direct Sigmal

o
! il !
! I'.‘_ ! "-. Tirne
; .

Reflected 2 Delaved Sigrnal

P T e T

Hinh 2.8 Trdi tré da dwong

2.5.6 Dich Doppler
Khi bd phat va bd thu chuyén dong tuong ddi voi nhau thi tan so cia

tin hiéu tai bo thu khong gidng véi tan sb tin hiéu tai bo phat. Cu thé 1a :
khi ngudn phét va ngudn thu chuyén dong huéng vao nhau thi tan sd thu

dugc s& 1on hon tan s6 phat di, khi ngudn phat va ngudn thu chuyén dong
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ra xa nhau thi tan s6 thu dugc s€ giam di. Hiéu ung nay dugc goi 1a hi¢u

ung Doppler.
2.6 Pic diém va uing dung cia ky thuait OFDM

2.6.1 Uu diém ciia k§ thuit OFDM
Duéi day 1a cac vu diém chinh cta ki thuat OFDM:

= Kha niang chdng nhiéu ISL, ICI nho k¥ thuat giam tdc do tin hiéu bang
bo

S/P, sir dung tién t6 lap CP, cac song mang phu truc giao voi nhau.

= Hiéu suit sir dung phd cao hon so véi FDM do phd ciia cac song mang

phu c6 thé chong phu 1én nhau ma van dam bao chat lwong tin hiéu sau khi

tach song.

AVATATATAVA VA VA T

Cooventional Freguency Dhivizion Muliiple= (FDM) multicarrier modualation technigne

Saving of the bandwidth
” frequency

Orthe gonal Fraqueney Division Multiplex (OFDM) mnlticarrier mo dalation tecknigna

Hinh 2.9 So sdnh viéc sir dung bing tan ciia FDM va OFDM
= Cac kénh con c6 thé coi 1a cac kénh fading phang nén c6 thé dung céac

bd can bang don gian trong subt qua trinh nhan thong tin, giam do phirc tap

ctia may thu.

= Diéu ché tin hiéu don gian, hiéu qua nho sir dung thuat todn FFT va cac
bo

ADC, DAC don gian.

2.6.2 Nhuoe diém ciia ky thuat OFDM
Bén canh nhiing wu diém thi hé théng OFDM con t6n tai nhiéu nhugc

diém:
= H¢ théng OFDM tao ra tin hiéu trén nhiéu song mang, dai dong cua

tin
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hiéu 16n nén cong suit trong d6i cuc dai PAPR 16n, han ché hoat dong
ctia b khuéch dai cong Suat.
= D& bj anh hudng cua dich tan va pha hon so v6i hé théng mot song
mang. Vi vay phai thuc hién tdt déng bo tan sd trong h¢ théng.

Cung v6i cac nhuge diém trén, it c6 nhu cau OFDM trong thong tin ¢
dinh do cac hé théng hién tai van dang hoat dong tdt va hiéu qua, la
nguyén nhan viéc trién khai san phdm moi dat mac khiém tén trong khi

vu diém cta hé théng stir dung k¥ thuat nay rat ro rang.

2.6.3 Ung dung ciia ki thuit OFDM
Hién nay, OFDM di dugc khuyén nghi st dung trong cac hé thng

thong tin s6 toc do cao nhu phat thanh va truyén hinh s va sé dugc Gng
dung trong hé théng thong tin di dong twong lai nhu hé théng LAN v
tuyén, cac céng nghé truyén dan sb téc d6 cao: ADSL, VDSL... OFDM
cling 12 mot giai phap day hira hen dé thuc hién hé thong thong tin di dong
da phuong tién (4G).

2.7 Két ludn chwong

Trong chuong ndy, ching ta da tim hiéu tong quat vé hé thong OFDM.
N6 cho thiy rang ddy 1a mot giai phap cong nghé day hira hen. Ky thuat
OFDM khong phai 1a mot ky thuat da truy nhap vi tit ca cac song mang
duoc didu ché bang dir lidu cua ciing mot thué bao. Dé hd trg nhiéu thué
bao, OFDM phai dugc két hop véi mot ki thuat da truy nhap. Cong nghé
MC-CDMA 1a sy két hop giita OFDM va CDMA. Vi thé, & chuong tiép
theo chiing ta s& ciing tim hiéu vé cong nghé MC-CDMA.,
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Chuwong 3: Hé thong MC-CDMA

3.1 Giédi thiéu chwong
Bén canh viéc cung cdp cac dich vu va tng dung méi, thanh cong cia

4G s€ phu thudc nhiéu vao su lua chon cac khai niém va su ddi mai cong
nghé trong kién trac, phan phéi phd, st dung va khai thac phd. Vi vay cac
k¥ thuat da truy nhap méi rit can thiét dé cung cip téc do dir liéu cao voi
su phan phdi dai tan linh hoat. Nam 1993, v tuong vé su két hop giita
CDMA va OFDM dan dén viéc ra doi cia md hinh da truy cap mdi. Mot
trong nhitng mo hinh hé théng nay 14 MC-CDMA (MultiCarrier CDMA).
Do vay ma trong chuong ndy chung ta s& tim hiéu nguyén Iy MC-CDMA,
cac van dé vé may phat, may thu va kénh truyén trong hé thong. Bén canh
d6 chung ta tim hiéu cac loai nhiéu ton tai trong hé théng va cac phuong

phap khic phuc.
3.2 H¢ théng MC-CDM

3.2.1 Khai niém MC-CDMA

MC-CDMA (MultiCarrier CDMA) 12 mét hé thdng da truy nhap méi
dua trén viéc két hop gitra CDMA va OFDM. Khac v6i CDMA trai phd
trong mién thoi gian thi MC-CDMA trai phd trong mién tan sd. Cong
nghé nay s dung k¥ thuat ghép kénh phéan chia theo tin sb truc giao
OFDM d¢é phat tin hiéu trén tip séng mang phu truc giao.
3.2.2 So do khoi

Digital

Parallel
to '”Gtg?‘zg' Anelo cor:\J/Erter
Insertion g

Serial
data .
Serial to Guard

FFT :I parallel Interval

combining converter [l Removal Dli_%j't:m converter

Hinh 3.1 So d6 khéi ciia hé thong MC-CDMA
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3.3 May phat
May phat MC-CDMA tréi tin hiéu bang gdc trong mién tan s bang

mot mi trai cho trudc. Ngoai ra, mdi phan cua ky tu twong ung véi mot
chip ctia ma trai dugc diéu ché bang mot song mang phu khac nhau. Pdi
v6i truyén da séng mang, ching ta can dat duoc fading khong chon loc
tan s6 trén moi song mang. Vi thé, néu téc d6 truyén cua tin hicu gdc du
cao dé tro thanh d6i tuong cua fading chon loc tan sé thi tin hiéu can

chuyén tir noi ti€p sang song song trudc khi dugce trai trong mién tan so.

3.3.1 Qua trinh tao ra tin hiéu MC-CDMA theo thir tu sau
Chudi dir liéu ngd vao c6 toe do bit 1a 1/T,, duoc diéu ché BPSK, tao ra

cac ky tu phure ay

Ludng thong tin ndy ay duoc chuyén thanh P chudi dir liéu song song
(ao(i), ak1(i), ..., acpa(i)), trong d6 1 ky hiéu cho chudi ky tu thir I (mdi
khéi gdm P ky tu).

Mdi ngd ra cta bd bién d6i ndi tiép/song song dugc nhan véi ma trai
phd ctia ngudi dung thr k (di(0), di(1),.. d(Kmc-1))cod chiéu dai Ky dé
tao ra tat ca N=P.Kyc(twong tng véi tong sd song mang phu) ky tu méi.
Mbi ky hiéu (ky tu) méi ndy co dang twong tw nhu mot ky ty trong hé
théng OFDM (chwong 2). Vi du xét nhanh song song thtr 0, mdi ky tu
OFDM bay gio 1a Sjx=ax o(i).dk(k) véi k=0,1,....., Kpc-1.

dy 0T D D |_| dk&m-:‘lj
LU

o d]:c;[l:' ....... *msl:'lmﬂ.fﬂ ...........
: - IDFT i
Ludng di —-—--697
clia ligu " ] cosf 271
use thir Chen ok
da diéu che ‘ 5 L khoang M
; .| phong
> i - :
3”_“{1) G ;}im;rl:muim.:nam £

.........................................

Hinh 3.2 My phat MC ~CDMA
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Do su twong tu gilta cac ky tu trén mdi nhanh con cta hé thong MC-
CDMA va hé thong OFDM nén viéc diéu ché song da mang tai bang tan
gbc co thé dugc thuc hién bang phép bién d6i nghich Fourier rdi rac
(IDFT). Sau d6,tin hiéu OFDM tir P nhanh duoc tong hop véi lai nhau.

Khoang du phong A (quard interval) dugc chén vao dudi dang tién t6
vong (CP) giita cac ky tu dé tranh ISI do fading da dudng va cudi cing tin
hiéu duoc phat trén kénh truyén sau khi d6i tan 1én RF.

Tin hiéu phat bang gdc dang phirc nhu sau:

+oo P-1 KMC -1

Sue= D Yay, @i)d, (Mp, (t—iT, el Cmmar ¢t (3.1)
s
T=PT, (3.2)
A= . _ (3.3)
Trong do:

dy(0), di(1),.. di(Kmc-1) 1a ma trai pho véi chiéu dai Kc.

T 14 khoang ki hiéu trén mdi séng mang phu.

Af' 13 khoang cach tan s6 nho nhat giita hai song mang phy.

£ 13 hé s6 md bang thong két hop véi chén khoang du phong (0< g <1):
B=A/PT, (3.4)

ps(t) 1a dang xung vudng dugc dinh nghia:

L-A<t<T -A

|os(t)={o’t ) (3.5)

(P*Kmc-1)I(T s-A)+2/ T's= (1+ B)Kwc/Ts
Béang thong cua tin hiéu phat dugc tinh nhu sau:
Bmc = (P.Kuc-D)/(T-A) +2/ T (3.6)
Nhan xét:
Khéng c6 thao tac trai phd trong mién thoi gian (tir (3.1))
Cong thire (3.2) cho thay rang khoang ky tu tai mdi mirc song mang phu

gap P 1an khoang ky tu gbc do viéc chuyén ddi tir ndi tiép/song song.
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Mic du khoang céach giita cac song mang phu tdi thiéu duoc cho boi (3.3)
nhung khoang céch gifta cdc song mang phu cho mdi ay (i) lai 1a P/T A

)

3.4 May thu

Bo thu 13 bo OFDM thém vao mot cong viéc két hop dé tach dir liéu
dugc phat dbi voi mdi ngudi sir dung mong mudn.
Gia str hé thong MC-CDMA c¢6 K ngudi dung dang truy cap, tin hiéu

bung gbc nhan duoc ¢ dang:

K-=1 +®©

MC(t) ZISMC(t T)hk

—00
P-1 Kyc—1K-

H

i, 2, (A5, (1 —iT,)e " Cm DA T ()

o (3.7)

Ms&

o

i =0 m=

—o0

o

Trong do:
hkm,p(t): duong bao phurc thu dugc tai song mang phu thir (mP+p) cua
nguoi st dung thir k.

hi(t,) 1a dap g xung cta kénh truyén tmg voi nguoi dung thir k c6 dang:
hi(t.)= > a, (t. D) exp Baf .z, (0 + ¢ (L D) JE-,(1) (3.8)
i=0

véi t va T 1a thoi gian va do tré, ai(t,) va i(t) twong tng 13 bién do thuc va
bién d6 tré qua cta thanh phan da duong thir i ¢ thoi diém t, pha 2 biéu
dién do 1éch pha do su lan truyén trong khong gian ty do cta thanh phan
da dudng thtr i cong voi bat ki do dich pha bat gap trén duong truyén.

n(t) 12 nhidu Gauss c6 gia tri trung binh bang 0 va mat d6 phd cong suit
hai phia No/2.

B6 thu MC-CDMA yéu cu viéc tach song dugc thuc hi¢n déng bo dé
thao tac giai trai phd (despreading) thanh cong.

44



cos(2aiit)

4
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Tin hidu
thu
rracit

Hinh 3.3 May thu MC-CDMA
Hinh (3.3) biéu dién bo thu MC-CDMA cho nguoi str dung thir k. Qué

trinh tach song tai may thu theo thir tu sau:

Sau khi d6i tan xuéng va khir khoang du phong, cac song mang phu thir
m (m=0,1, ....,Kyc-1) tuong ung véi dir lidu thu 1a ay (i), dau tién duoc
tach dong bd véi DFT, ta thu dugc gi tri trén mdi nhanh 1a y,(m).

Tiép theo nhan y,(m) véi do lgi Gi(m) dé két hop ning lugng tin hiéu
r0i rac trong mién tan s, va bién quyét dinh 1a tong cua cac thanh phan

bang gdc co trong so:

D,(t=iT)= ). G, (m)y(m) (3.9)
y(m) = Y25 (T )a,df +n(iT,) (3.10)

Trong do:

y(m) 1a thanh phan dai nén cua tin hiéu nhan duoc sau khi da chuyén
d6i xubng.

Nm(iTs) 1a nhiéu Gauss phuc ctia séng mang phu thtr i tai thoi diém

3.5 Kénh truyén

Kénh truyén fading Rayleigh chon tan s bién d6i chdm 1a kénh truyén
dién hinh trong hé théng MC-CDMA bing rong. Kénh truyén cua hé
théng c6 bang thong rong duoc chia thanh N kénh bang hep ma mdi kénh
nhu vy chi chiu tac dong cua fading phang (fading khong c6 tinh chon
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loc tan sé), nghia la chi c6 mot hé s6 do loi trén mdi kénh phu (hinh 3.4).
Vi mdi kénh truyén phu c6 do loi khac nhau nén khi xét dén kénh truyén
cua hé théng thi n6 1a kénh truyén c6 tinh chon loc tan sd.

Piéu kién dé tinh chon loc tan sé cua kénh truyén thé hién trén toan
bang thong cua tin hiéu phat va khong thé hién trén timg séng mang phu
la:

Af <B.<BW (3.11)
Trong d6 B¢ la:
bang thong lién két ctia kénh truyén.
Af 13 téc d6 ky hiéu cua dir lidu phat.
BW la biang thong tong cua hé thong.

Bing thong lién két (két hop) B, 1a mot don vi thong ké do cac dai tan
s6 ma trong khoang tan sb nay kénh truyén duoc coi 1a “phang” (kénh
truyén cho qua cac thanh phan phd c6 do loi x4p xi bang nhau va co
fading tuyén tinh). N6i mot cach khac, bang thong lién két dai tan sé ma
trong d6 kha nang twong quan bién d cia hai thanh phan tan s rat 16n.
Hai tin hiéu sin c6 khoang phan chia tan s6 16n hon B, sé& bi kénh truyén
gay anh huong khac nhau.

Bing hep
thori

i 2 2 i 2 £ 2 5 iy J

Bing thing tdng
cila hi thing

Hinh 3.4 Anh hwéng ciia kénh truyén fading cé tinh chon loc tan sé

lén tirng béng tan hep
Néu ham twong quan tan sé 16n hon 0,9 ta co:

1

~— 3.12
50S, (3.12)

c

Néu ham twong quan tan sd 16n hon 0,5 ta co:
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B ~ (3.13)

Néu kénh truyén cé bang thong lién két thoa diéu kién (3.11) thi kénh
truyén co dap tmg xung cho béi (3.8) ¢ thé dugc xem nhu 14 mét tap hop
ctia nhiéu kénh truyén phu bing hep. Mdi kénh truyén phu c6 dap tng
xung dang nhu sau:

hi= a,e™ (3.14)
trong do:

a, VA ¢, 1an luot 1a bién do va pha cia kénh truyén fading trén kénh
truyén phu thtr i hay song mang tht I; ¢4, 13 bién ngau nhién c6 phan bd
déu trong doan [0,2 7]

Céc hé s6 fading «, c6 phan bd Rayleigh twong quan nhau (khong doc
1ap thong ké) va thay dbi qua timg ky hiéu cta dit liéu phat.

Péi voi hé théng MC-CDMA, diéu kién (3.11) dé mdi song mang phu
trai qua fading phang ludn thoa vi toc do bit cao, nghia 1a Af 16n, chudi
bit vao s& duoc chuyén thanh P nhanh song song. Khi dé, tc do bit trén
mdi nhanh s& giam di P 1an. Vi vy, dap ung xung ctia mdi kénh truyén
phu twong tmg v4i mdi song mang phu c¢6 dang phuong trinh (3.14).

Hé s6 tuong quan gitta fading cia song mang phu th i va thir j duoc

cho béi:

T 7 —1fj)/Bcj (19
3.6 Cac k¥ thuat do tin hiéu ( Detection algorithm)

Dit liéu cua ngudi dung s& duge khoi phuc nhd mot sé phuong phap két
hop nham tan dung moé hinh phan tip tin sb. Muc tiéu chinh cia cac
phuong phap két hop nay (k§ thuat do tin hiéu) 1a lya chon cac trong sb
Gi(m) sao cho nhidu Gauss va nhiéu MAI duoc tbi thiéu hoa. Co 4

phuong phép két hop:
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3.6.1 Phuwong phap két hop khéi phuc tinh truc giao ORC
Phuong phap ORC khoi phuc tinh truc giao gitra cac ngudi dung ngay

ca khi c6 fading, nghia 1a cho phép cac bién trén mdi nhanh két hop voi
nhau theo céach loai bé nhiéu da truy cap MAI. Tuy nhién, nhiéu trén cac
nhanh c6 bién do séng mang phu chi yéu c6 khuynh huéng duoc khuéch
dai manh va cac séng mang phu nay dugc nhan véi do 191 1on dé bién do
moéi bang 1. Anh hudng ciia viéc khuéch dai nhidu nay lam tang BER cia
hé thong.

Chu y rang: ORC chi ap dung cho tuyén xubng ctia hé théng thong tin
di dong MC-CDMA béi vi ddi véi tuyén 1én (MS dén BS), tin hiéu tir cac
nguoi dung dén tram gbc véi do tré khac nhau va dap tmg kénh truyén cia
mdi nguoi dung cling khac nhau nén cho du cac ma trai phd c6 hoan toan
truc giao thi phuong phap ORC ciing khong dat dugc muc ti€éu nhu tén
g01 cua no.

3.6.2 Phwong phap két hop khéi phuc tinh true giao ORC dinh
(TORC)

Phuong phap nay s& loai bé anh hudng cta viéc triét nhiéu di kém véi
song mang phu c6 bién do yéu trén mdi nhanh duoc khuyét dai manh nhu
trong phuong phap ORC. Quyét dinh dugc tinh trén tong cia cac thanh
phan bing goc cta cac sdng mang phu c6 bién do 16n hon mot ngudng
tach song. Trong s6 Gy-(m) duoc chon:

Gie(M) = du ey /|0, u(fy| = ) (3.16)

Trong d6 u(.) 1a ham budc don vi va y 1a ngudng tach song.

RO rang, trong phuong phap ORC dinh ndy, chi cic gia tri nhiéu 16n
hon mdt mirc ngudng tdi wu dé dat dugc muc nguong ythi méi dugce
khuéch dai. Voi ty sé SRN cho trude, s& ton tai mot gia tri ngudng tbi uu

dé dat duoc gia tri BER nho nhat.
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3.6.3 Phuong phap két hop dé loi bang nhau (EGC)
Péi v6i EGC, trong s6 Gi-(m) dugc dung dé sta su dich pha gy ra boi

kénh truyén va duogc cho boi:

Gie(m)=dhs™ /h

(3.17)

Khi tin hiéu dugc truyén trong kénh truyén nhiéu Gauss tring cong thi
EGC 14 mot phuong phap két hop tdi wu vi phuong phap nay khoi phuc
tinh truc giao gitta cac nguoi dung. Do do, né loai bé can nhiéu da truy
cap trong khi gia tri nhidu lai dugc lay trung binh. Tuy nhién, dbi véi
kénh truyén fading phiang qua timg séng mang phu, nghia 13 kénh truyén
c6 tinh chon loc tan sb trén toan bang thong tin hiéu thi EGC van lay gia
tri trung binh ctia nhiéu nhung can nhiéu da truy cép lai khac 0. Do d6, n6

anh huong manh dén bién quyét dinh D.

3.6.4 Phuong phap két hop ty sé cuc dai (MRC)
MRC sé& két hop ddng bd céac tin hiéu cua cac séng mang phu khac

bang cach lay trung binh c6 trong s6 cic song mang phu nay. Trong s 1a
lién hop phirc hé sb kénh truyén twong tng ctia cac sdng mang phu, nghia
la trong $6 Gi¢(m) dugc chon bé‘mg:
Gie(m) =d he” (3.18)

Véi viée chon gia tri trong s6 nhu vay, phuong phap MRC d3 bu su
dich pha cta kénh truyén va ldy gia tri trung binh c6 trong s céac tin hiéu
sau mdi bd loc dbi sanh béng cac hé sb ty 1€ thuan véi bién do cua song
mang phu. Trong trudng hop hé thong chi c6 mot ngudi dung, MRC khai
thac phan tap tan sb sin co va dat dugc BER thip nhat. Tuy nhién, trong
hé thong da ngudi ding, do tinh truc giao ciia cdc mi trai bi méo dang
nghiém trong bai fading kénh truyén nén dung lugng cua bo tach song bi

gi61 han béi MAL
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3.6.5 Phuwong phap két hop sai s6 trung binh binh phwong tbi thié¢u
(MMSE)
Piéu kién MMSE cho réng sai sb cua cac ky tu dir liéu duoc du doan

phai truc giao véi cac thanh phan biang gbc cia cac song mang phu thu
duoc, nghia la:

Eb.-a )ym)* Lo ,m =0,1,.. Kycl (3.19)

Kye -1
Trong d6 E[.] 1a toén t& ky vong va a,.= Y G,(m)y(m) 1a udc lugng
m=0
cua ay

Nghiém cua phuong trinh (3.19) 1a Gy-(m) xac dinh béi:

G (m) = d¥h¥" /(Kj\h;f +c§j (3.20)
k=0

Trong d6 o2 = N, /2 1a phurong sai ctia nhidu Gauss.

Do voi gi tri h¥| nho, d6 loi Gi(m) cling nho dé tranh khuéch dai qua
16n lwgng nhiéu di kém voi song mang phu c6 bién do nho. Khi |hk| 16n
d6 loi nay ty 1& v6i nghich dao dudng bao séng mang phu h*'/ ‘hr‘;‘z dé
khoi phuc tinh tryc giao gitra cac nguoi dung. Nhu vay, phuong phap
MMSE sé& két hop gia tri y(m) trén cac nhanh theo cach t6i thiéu nhiéu da
truy cap va nhiéu Gauss.

Nhuoc diém ctia phuwong phép ndy 13 phai biét chinh xac s6 ngudi ding

dang truy cap hé thong va cong suat nhidu.

3.7 Nhiéu MAI va nhiéu ICI
Cong nghé MC - CDMA 1a sy két hop cua cong nghé CDMA va

OFDM nén n6 con ton tai nhimg khuyét diém cta hai cong nghé trén: Yéu
cau chat ché vé tinh truc giao clia bd ma va tinh tryc giao gitra cac song
mang phu. Trong thuc té, khong c6 su truc giao hoan toan ma chi c6 “can
truc giao”. Vi thé, trong hé thdng MC-CDMA chiju anh hudng bai cac loai
nhiéu chinh: Pa truy nhap MAI, nhiéu xuyén kénh ICL
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3.7.1 Nhiéu MAI
La loai nhiéu da truy nhap do tin hiéu cta cac thué bao khac dang cung

tham gia hoat dong trong hé thong tac dong Ién tin hiéu cua thué bao dang
xét. Nhidu nay sinh ra khi thuc hién twong quan chéo gitta mi trai phd
dang x¢€t va cac ma khac thi gid tri nay khong triét tiéu. Co hai phuong
phap giam nhiéu MAI:

= Trai pho bang cac mi truc giao co twong quan chéo bang 0. Dé dat

duoc

hiéu qua ctia cac bd ma truc giao ndy can phai co sy dong bo giira cac tin
hiéu cta cac thué bao. Diéu nay dé dang dat duoc trong MC-CDMA
duong xudng.

= Dung céc bo triét nhidu MAIL Cac bd triét nhidu rat hiéu qua cho duong
lén. Viéc ap dung cho dudng xudng kho khin hon do mdi thué bao chi c6

thé biét mot ma tich cuc ma né st dung.

3.7.2 Nhiéu ICI
La mot trong cac loai nhiu chinh cta hé théng MC-CDMA. Khi céc

song mang phu khong hoan toan truc giao thi thanh phan tin hiéu trén
kénh con nay s& gay nhiéu 1én thanh phan tin hiéu trén kénh con khac hay
xuat hién nhidu ICI. Hién tuong Doppler tic dong dén tinh truc giao cua
cac sobng mang phu 13 nguyén nhan chinh gy ra nhiéu ICL Vi thé, nhiéu

ICI chi dugc giam khi van dé déng bo tan sd dugc bao dam.

3.8 Cac phuong phap triét nhiéu

Dé cai thién thém nita d6 hiéu qua cua may thu, k¥ thuét tach song da
ngudi dung duoc str dung. C6 cac phuong phap triét nhidu nhu sau:
3.8.1 Phwong phap triét nhiéu ndi tiép (SIC)

Phuong phap tri¢t nhi€u noi tiep SIC dugce thuc hién nhu sau: Giai diéu
ché cho mot nguoi dung, tai tao lai phan nhiéu da truy cp ctiia ngudi dung

dé va loai trr khoi dang séng thu duogc. Sau d6 dang séng da triét bot
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nhidu nay s& duoc dung tach séng cho nguoi ding ké tiép. Lap lai quéa
trinh x@r 1y trén cho dén khi tach song cho tat ca cac nguoi dung.

Néu quyét dinh sai (c6 nghia 1a tach song cho ngudi dung khéng chinh
xéc) thi s& tang gap d6i phan nhidu da truy cip cua nguoi dung d6 khi tach
song cho ngudi dung ké tiép.Vi vay thtr tu dugc giai diéu ché co anh
huong dén hiéu sut cua phuong phap triét nhiu ndi tiép. Thong thuong,
viée giai diéu ché duoc sip xép theo thtr tir giam dan coéng suat thu dugc
va theo cac budc sau:

- Tinh d9 tin cdy (dung EGC hoic MMSE) cho tit ca cac ngudi dung

con lai.

- Chon mdt nguoi dung c¢6 do tin ciy cao nhat va trir khoi thanh phan

tin hiéu cta nguoi ding mong mudn.

- Lap lai 2 budc trén cho dén khi chon dugce nguoi ding mong mudn. Ra
quyét dinh cudi cung cho ngudi ding mong mudn.

Khi thuc hién thuc t& bd triét nhiéu ndi tiép ta quan tam dén cac dic
diém sau:

- Yéu cau phai biét dén bién d6 thu duge. Bat ky sai sot nao trong vi¢c
udc luong bién d6 thu duge s& chuyén doi truc tiép thanh nhifu cho cac
quyét dinh tiép theo.

- Céc ngudi dung yéu hon ngudi ding quan tam dugc bo di.

- BO triét nhidu nbi tiép khong yéu cau cac phép tinh s6 hoc ddi voi cac
tuong quan chéo ngoai tich cua ching véi bién d¢ thu duogc.

- Do phirc tap trén bit 1a tuyén tinh theo s luong cac ngudi dung.

- Thoi gian tré khi giai diéu ché bang b triét nhidu ndi tiép tang tuyén
tinh theo s6 luong nguoi dung.

- Mot khuyét diém cta triét nhidu ndi tiép 1a hiéu suat khong dbi ximg:
cac nguoi dung c6 cung cong suat duge giai diéu ché véi do tin cay khac

nhau.
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3.8.2 Phuong phap triét nhiéu song song (PIC)
Nguoc v6i b triét nhidu ndi tiép 1a 1an luot giai diéu ché cho cac ngudi

dung, str dung cac bd quyét dinh thir nghiém thir nghiém tir tng trudc dé
(cac ngd ra clia bo tach song bat ky) dé udc lugng va loai trir tat ca nhidu
MAI cho mdi nguoi dung. Qua trinh xtr Iy ¢6 thé 1ap lai nhiéu lan tao nén
bo triét nhiu song song nhiéu tang, voi hi vong ting do tin ciy cua cic
quyét dinh thir nghiém khi wéc luong nhidu da truy cap.

Ting 1: Tang 2: Tang 2:

A ok L bd triét nhiéu bo triét nhidu
bo tach . o .
song song thur song song th

nhat m-1

song bat ky

Hinh 3.5 So d triét nhiéu song song nhiéu tang.
D6i véi hé théng MC-CDMA, d6 hiéu qua cua cac giai thuat dua trén

PIC phu thuoc manh vao chét luong cua viéc udc luong MAI véi can
nhiéu da truy cap dugc khoi phuc tir hé s6 kénh truyén va udc luong dir
liéu cho cac ngudi dung. Vi vay hiéu qua cua tang dau tién (nho d6 ma
viéc udc lugng dir liéu dat dugc) co6 quan hé gén glii v&i do hiéu qua cua
may thu PIC. Do vy, tin hiéu triét nhiéu MAI chu yéu 1a ¢ tang th@ nhét
nay, mot sd phuwong phap do tin hiéu ngudi dung duoc ap dung trong tang
nay.

Phuong phép triét can nhiéu song song gia s may thu biét tit ca ma
trai phd cua cac ngudi dung, trang thai kénh truyén d6i véi mdi song
mang phu ciia mdi nguoi dung va biét chinh xac sé ngudi ding trong hé
thong.

Tuy nhién, viéc lwa chon chiing gidng nhau s& 1am giam d¢ phuc tap cta
may thu. Bo1 vi do hiéu qua ctua PIC phu thudc vao do hi¢u qua cua tﬁng
khoi dau ciia may thu nén viée nghién ctru sy anh hudng cia ting thir nhat

1a that su rat can thiét.

3.9 Vin @@ dich ciia tn s6 séng mang trong hé thong MC-CDMA
Hiéu qua ciia hé théng MC-CDMA bi suy giam nghiém trong theo dich

tan s6. C6 hai nguyén nhan chinh gy ra dich tan sé:
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- Trai Doppler do thiét bi di dong & téc do cao.

- Sai l1éch gitra bo tao dao dong cho cac song mang & phia may phat va &
phia may thu.

Céac dich tan sb do su déng bd khong chinh x4c gitta bg tao dao dong &
phia may phéat va may thu nhu nhau ddi véi tat ca cac song mang phu.
Trai lai, cac dich tan sb do hiéu ung Doppler lai khac nhau ddi voi tung
song mang phu boi vi n6 13 ham theo tan s. Tuy nhién, dbi voi cac hé
théng thong tin di dong hoat dong & tan sd song mang dién hinh 2 Ghz va
chiém mot bang thong 1Mhz thi sai 1éch tan sb ti da giita cac song mang
phu do hiéu ung Doppler 1a khoang 0-5 Mhz. Vi sai 1éch nay 1a rat nho
(c6 thé bo qua) so voi khoang cach gifta cac song mang phu 1a khoang 30
Khz nén ching ta xem xét dich tan s6 do trai Doppler 1a mot hién tuong
c6 didc tinh giéng nhau trén tat ca cac song mang phu.

Dich tan s6 trong hé théng MC-CDMA gy ra 2 anh hudng nghiém trong:
- Thir nhét, n6 lam suy giam bién do cia tin hiéu mong muén.

- Tht hai, né lam mét tinh tryc giao gitta cac séng mang phu. Diéu nay s&
dan dén nhiéu lién song mang ICI.

Pé don gian cho viéc ky hiéu, phan ching minh sau chi tip trung vao
mot trong P kY tw ma mdi ngudi dung phat di bang cach cho P=1. Khi do,
N=Kwuc va T =T, (tdc do bit cta dir liéu).

Xét tuyén xudng cua hé théng thong in di dong MC-CDMA c6 K nguoi
dung dang hoat dong. Pic diém cua kénh truyén hudng xudng 1a tat ca
cac nguodi dung sé& trai qua cing mot dic tinh kénh truyén (kénh truyén
fading Rayleigh phang, nghia 1a kénh truyén co tinh chon loc tan sd trén
toan by bang thong cua tin hiéu phat nhung khong c6 tinh chon loc trén
ting song mang phu) va cac ngudi ding nay dong bo véi nhau.

Tin hiéu cao tan s(t) cho ky tu th i phat tir tram gdc 1a tong cua K tin
hiéu bang gbc ctia cac ngudi dung (tin hiéu cia mdi ngudi dung c6 dang

nhu phuong trinh (3.1)) duoc ddi tan 1én. Dang phtic cta tin hiéu s(t) 1a:
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s(t) = S lak(i)d,((m)p(t)e"z""mt (3.21)
k=0 m=0
trong do:
fo=fc+m/T, va p(t)= ps(t) cho boi cong thirc (3.5);
f.: song mang cao tan.
Khi hé théng thoa diéu kién (3.11), mdi sdng mang phu cua tit ca cac
ngudi dung sé trai qua kénh truyén c6 dap tmg xung dang (3.14). Tin hiéu

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

K-1 N-1

rM=>>a,e’a,(i)d, (mp(t)e " +n(t) (3.22)

k=0 m=0
Phuong trinh (3.22) thyuc chét 1a phuong trinh (3.7) duoc viét lai cho ky
tu thir i bang cach thay P=1 va h* = o e,
Sau khi giai diéu ché (cho séng mang va ca song mang phu) ta két hop
tin hiéu trén mdi nhanh twong tmg voi song mang phu, ta co bién quyét

dinh cho bit dit li€u thir 1 ciia nguoi dung thir 0:

Th

2 N-1
D(i) = Ti [ Yetertog, et (3.23)
b —T% n=0

Trong do:
4., T 12 u6c luong pha cua tan sd song mang phu thtr n; f,=f ,=n/T, véi £,
1a wdc lugng tan s6 song mang.

Thé (3.22) vao (3.23), ta co:

1 T/2 N-1 K-1N-1 _ _
D(i)== [ el (n){ ame‘¢mak(i)dk(m)p(t)e’z”fmt+n(t)}dt
Tb -T,/2 n=0 k=0 n=0
N-1K-1N-1 1 /2
= ZZamG (nay (i)d, (m)e!@ ) = [ e ("Wigt L AWGN  (3.24)
n=0 k=0 m=0 Tb Ty /2
N-1K-! —
=SS Y o 6, (ma, (iyd, (el N7 = T)Ty | avyen
n=0 k=0 m=0 z(f, = )T,
Xét biéu thire: 7 (Fo-fr) To= 7 [(F +n/Ty) -(FAm/Tp)] T, (3.25)

Goi Ala dich tan so chuan hoa:
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offsettin s6 séng mang thucsy _fo—f (3.26)

khodngcachgittahai séngmang lién ti€p T,

Thi (3.25) duoc viét lai nhu sau:

(Fo-fr) To=7 (A +n-m) (3.27)
Str dung (3.27), ta ¢ thé viét lai biéu thirc:

eln =) sinm(f, —f )T, =e' @) singA (3.28)
Trong d6 ¢'n = ¢, — (N —m) (3.29)
Thé (3.27) va (3.28) vao (3.24) ta c¢6 thu duogc:

D() = L35 0, 6o ma, (), (et SN AWGN
TT

m

n=0 k=0 m=0 A+n—-m
=S+ MAI +ICI1 + ICI2 + AWGN (3.30)

Trong do:
S 1 tin hiéu mong mudn

MALI 14 nhiéu da truy cap

ICI1 13 nhiéu lién song mang do céc chip trong cting ma trai phd ciia ngudi
dung thu 0

ICI2 12 nhiéu lién song mang do céc chip trong cting ma trai phd clia ngudi
dung thtr 0 va ctia K-1 nguoi dung khac.

AWGN 1a nhiéu Gauss tring cong.
Céc s6 hang trong biéu thic (3.30) duoc xac dinh nhu sau:
Céc tin hiéu mong mudn S:

T (3.30) cho k=0 va n=m, ta co:

N-1
5= SN, G )2 4G () (M) (3.31)
Nhiéu da truy cap MALI:

Véi k=0 va n=m, biéu thirc (3.30) dugc rat gon thanh:

MA] = sin A

ZZOL G,(m)a, (i)d, (m) (3.32)
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Nhiéu lién séng mang do cac chip trong cung ma trai pho cua nguoi

dung tht 0 ICI1 dugc tim bang cach thay thé k=0 va m»n vao (3.29):

H N-1 N-1
Ici1 = SN, ) ZamGO(n)dO(m)M;ej(q’m“"") (3.33)

0
T k=1 n—m

o

m=
Nhi€u lién séng mang do cac chip trong ma trai phd cuia nguodi dung

thtr 0 va ciia K-1 nguoi dung khac. Nhiéu nay dugc rit ra tir (3.30) voi k=

Ovam=n:
ICI2 = SINTA RE RS i o 3.34
7t nzm:Om;ﬁnamGO(n)ak(l)dO(m) Atn—m ( )

AWGN
AWGN = ¥ G, (m)n, (3.35)

=0
Dua trén cic phuong trinh tir phuong trinh (3.31) dén (3.35), ta rt ra nhan xét
sau:

- Tin hiéu mong mudn bi suy hao bdi mét hé s6 1a ham theo A .

- Nhiéu da truy cap ciing bi giam di theo A.

- ICII va ICI2 khong xuat hién khi A=0. Cac nhiéu ndy duoc xem la
nhiéu cong thém vao nhiéu da truy cap.

Tir phuong trinh (3.32) cho thdy nhidu da truy cp trung binh d6i véi
mdi song mang phu chi phu thudc vao ty s6 K/N. Do dé, ddi v6i hai hé
théng ¢ cung ty sé6 K/N , nhidu MAI trung binh cta ching dbi voi mbi
song mang 1a bang nhau. Tuy nhién, khong giéng nhu nhidu MAI, nhiéu
ICI lai 12 ham theo s6 song mang phu va s6 ngudi ding K. Vi vay, néu
tong s6 song mang phu cua hai hé théng khac nhau thi ICI ctia mdi hé
thong s& khac nhau ngay ca néu ty s K/N la gidng nhau. Tom lai, hé
théng MC-CDMA nao c6 nhiéu séng mang phu hon do dich tin sb cia

song mang phu ngay ca cac hé thong co cung K/N.
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3.10 Giéi han BER ciia hé thong MC-CDMA

Gia str bit phat 1a ctia nguoi dung thtr 0 12 “-17 thi ty 1& 161 BER 1a x4c
sudt ma D(i) 1én hon 0 hodc twong duong véi xac sudt ma -S nho hon
MAIHICI1HCI2+AWGN, nghia la:

BER = p( -S< MAI+ICI1+ICI2+AWGN) (3.36)
Néu gia s tat ca cac sb hang MAI, ICI1, ICI2, AWGN trong biéu thirc
(3.29) c6 phéan bd xap xi phan b Gauss thi BER d6i véi hé théng sir dung
MRC la:

BERMRczlerf({ M] (3.37)
2 MMRC

Trong do:

erfe(.) 12 ham sai s6 bd phu.

SINTTA
N =
MRC ( A J
2K (sintA ) K N2 n sinA * N
D - n | +=2° 3.38
MRC N ( A j N? n—0i—0,i¢n(n_0_i+AJ E, ( )

Véi E, 1a nang luong cua mot bit tin va dugc dinh nghia nhu sau:
N-1 1
Ep= [ZEE(aa)ij (3.39)
i=0

Vi E (a”n) 1a toan tir ky vong.
Ngoai dinh nghia Ey/N,, mot thong sé khac ciing rat thuong gip trong
viéc danh gia chat lugng cia hé thong 1a ty s6 tin hiéu trén nhiéu SNR:

NEd
62

SNR = (3.40)

Véi o? 1a cong suit nhidu cua bién ngdu nhién Gauss trén mdi nhanh
cta bo tach song.
Nhu da biét, BER tbi thiéu c6 thé dat dugc voi hé thdng don nguoi ding
va str dung phuong phap MRC. Do d6, giéi han BER cua hé théng MC-
CDMA la:
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I
2 1

7+7
N SNR

BER g = %erf (3.41)
Biéu thuc (3.41) thyc ra 13 biéu thire (3.37) voi mot sd thay doi nhd A =0
, K=1.

3.10.1 Phan loai
Cong nghé MC-CDMA duogc chia thanh 2 nhém:

= Trai pho trong mién thdi gian MC-DS-CDMA va MT-CDMA : Chudi
tin

hiéu ban dau sau khi dugc chuyén tir ndi tiép sang song song dugc trai
phd bang ma trai phd. Sau d6 cac chip cua cing mot ki t s& duoc diéu
ché trén mot song mang. Dé phan biét MC-DS-CDMA va MT-CDMA,
nguoi ta dwa vao khoang cach giita cac song mang phu. Néu ki hiéu chu
ky bit dir liéu 1a T, va chu ky chip 1a T, thi khoang cach giira cac song
mang phu trong hé thing MC-DS-CDMA 14 1/T, con trong hé théng MT-
CDMA la 1/T,,

Khoang cach gitta cic song mang phu Af va bang thong hé thong B dugc
tinh theo cong thirc sau:

L Nop NesNy N,

Af=— = s = s
N.T N. ° N N, ° .1 N
N NN, Voi pe RNe+Ne) - (342)
B=N.Af=—° =NR, F P ~NR c
N.T N,

R, 1a tbc do tin hiéu ban dau, N, 1a hé sd cua bd chuyén dbi S/P, N, la

chiéu dai ctia ma tri ph, N 14 chiéu dai by chuyén doi IFFT, N, 1a chiéu

dai cua CP.

= Trai phd trong mién tin s MC-CDMA: Chudi tin hiéu ban dau dugc
trai

phd bang ma trai phd, sau d6 mdi chip cua cing mot ki tu s& duoc didu

ché trén mdi song mang khac nhau. MC-CDMA trai pho trong mién tan

59



s6 nén khong bi gidi han vé khoang tan sd yéu cau truc giao. Vi vy, &
duong xudéng, MC-CDMA thé hién vu diém hon MC-DS-CDMA

Khoang cach giita cic song mang phu Af va bang thong hé thong B dugc
tinh theo cong thure sau:

1o NN,

M=g7=R N =R
F N F N 4N (3.43)
B=NAf = =N.R, —F P ~NR
N_T ~

Nhan xét:

So sanh Af va B ciia 2 hé théng, ta nhan thay:

= B bang nhau, phy thudc vao chidu dai mi trai phé va téc do dir liéu ban

dau.

= Af khic nhau. Déi véi hé théng MC-CDMA, Af chinh bang téc do dir
lidu

ban dau. Con d6i voi hé théng MC-DS-CDMA thi khoang cach Af phu

thudc vao toc do dir liéu ban dau, hé s6 cua bo S/P va chiéu dai ma trai

phd.

Cac so 46 MC-CDMA :

Multicarrier DS-CDMA:

Hé thong DS-CDMA da séng mang trai pho luong dit liéu da duogc
chuyén d6i tir ndi tiép sang song song trong mién thoi gian str dung ma
trai pho6 CDMA.

Két qua dir liéu trén cac song mang truc giao nhau véi sy tdch biét

nhé nhat.

fodl ey cos 250, £)

L

Hinh 3.6 Bg phdt MC-DS-CDMA
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Hinh 3.7 Ma trdi phé trong MC-DS-CDMA
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Hinh 3.8 Phé céng sudt ciia tin hiéu phdt
Hé théng phat MC DS-CDMA cho user j" minh hoa trong hinh 3.6 N

la s6 song mang phu trong hé thong va mi trai phd cho user th j 1a
Clt) = E;‘c;‘...cgm: trong hinh 3.7. Phd cong suat ctia tin hiéu trai phé
duoc minh hoa trong hinh 3.8

Multitone CDMA (MT-CDMA):

Cac ludng dir lidu da duoc chuyén doi tir ndi tiép sang song song duoc
trai pho bang chudi ma trai phd CDMA trong mién thoi gian dé pho cia
mdi song mang phu trude khi trai phd co thé thoa man diéu kién tryc giao
v6i sy tach biét tan s6 nho nhat. Do d6 pho clia mdi song mang phu khong
con théa mén diéu kién truc giao nita. So dd MT-CDMA sit dung cac ma
trai pho dai hon ty 18 véi s séng mang phu so véi so d6 DS-CDMA (don
song mang ) thong thuong, do d6 hé thong cé thé dap tng dugc nhidu
ngudi st dung hon so @6 DS-CDMA. M3 trai phd cho hé théng MT-
CDMA minh hoa trong hinh 3.10.

—~ i o v 7
I'_,-]‘r Cj C-j o =Eé ING-

HEiEl o,
U

—~F ¢ e
o OF O

Hinh 3.9 Ma trdi phé cho hé thong MT-CDMA
3.11 Uu diém ciia ky thuat MC-CDMA
Céc vu diém cua k¥ thuat MC-CDMA:
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= Hiéu qua str dung bang tan tot.

= Phan tap tan sb hiéu qua.

= (6 kha ning chdng lai anh hudng cia fading lya chon tan sb.

=  Giai quyét van dé nhidu lién ki ty ISI gip phai & hé thong c6 tdc do dir

liéu cao trén cac kénh da duong bang cach chia bang thong tin hiéu thanh

nhiéu bang con c6 tdc d thap truc giao nhau.

= Tin hi€u duoc truyén va nhan mot cach dé dang béng cach su dung
thiét

bi chuyén d6i FFT ma khong lam ting do phirc tap cia may phat, may

thu.

= Bdio mat.

3.12 Nhugc diém ciia hé thong MC-CDMA
Tuy nhién, MC-CDMA ciing ton tai nhitng nhuoc diém cia CDMA va

OFDM:
= Khi xét hé théng MC-CDMA, loai nhiéu dang quan tAm nhét 1a nhiéu
da

truy nhap MAI (Multiple Access Interference).
= Ty s6 duong bao cong suét dinh trén cong suat trung binh (PAPR) cao
nén lam giam hiéu qua cta bo khuéch dai cong suat, dan dén hiéu suat
khong cao.
= Nhay véi dich tin s6 séng mang.

= Nhay véi nhiéu pha.

3.13 Két luan chwong

MC-CDMA la mét trong nhimg hé théng da song mang sir dung cong
nghé da truy nhap CDMA. N6 mang theo ca nhiing vu diém va khuyét
diém cua 2 cong nghé truyén dan OFDM va da truy nhap CDMA. Véi
nhimg wu diém noi tréi ,MC-CDMA 13 mdt trong nhiing cong nghé da

truy nhap chii yéu cua thong tin di dong 4G
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KET LUAN

Sau ba thang nghién ctru va thyc hién dé tai dudi sy huéng dan tan
tinh ctia ¢6 Nguyén Thi Huong cing véi su cb ging nd luc cia ban than,
em d3 hoan thanh d6 4n tot nghiép ctia minh theo ding ké hoach dugc
giao. Trong dé tai ndy em da thyc hién dugc nhiing van dé nhu sau:

- Tim hiéu vé cong nghé¢ CDMA, nguyén ly hoat dong, dac diém, wu
nhuogc diém, tmg dung trong thuc té.

- Ky thuat OFDM, nguyén ly hoat dong, su truc giao sdbng mang, hoat
dong ciia bo IFFT, FFT..., uu nhugc diém cua hé thong.

- Cong nghé MC-CDMA, sy két hop ciia CDMA va OFDM tao ra mot
hé théng v&i nhiéu wu diém ndi troi 13 nén tang dé phat trién thong tin di
dong trong tuong lai.

Do an tbt nghiép duoc thuc hién dudi su nd luc cla ban than va su chi
bao tan tinh cta gido vién hudng dan tuy nhién nhitng thiéu x6t va khiém
khuyét 1a diéu khong thé tranh khoi. Em rat mong duoc nhimg dong gop ¥
kién cua thay co gido trong hoi dong cung toan thé cac ban dé do an cia
em duoc hoan thién hon.

Em xin chan thanh cam on!
Hai Phong, ngay...thang...nam 2013.
Sinh vién

Nguyén Thanh Hung
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