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Lo1 noi dau

Sau qua trinh thyc hién dé tai “Tong quan hé théng MIMO va k¥ thuat OFDM ”, chiing
em d co cai nhin téng quan vé cic hé thong trong vién thong, cé cai nhin toan dién va
hiéu sdu hon vé k¥ thust OFDM. Nhom di thdng nhat khong di sau vao cac ky thuat cu
thé ma tim hiéu tong quan dé c6 kién thirc nén co ban dé 1am luan van trong hoc ky tiép
theo, ngoai nhiing kién thirc thu thap dugc trong qua trinh lam dé tai chiing em con co
thém k¥ ning lam viéc nhoém, phan tich va tiép can van dé tot hon.

Mic du di rat ¢ ging, song do thoi gian c¢6 han va kién thirc han ché ctia nhom, nén
khong tranh khoi thiéu sét nho thdy va cac ban gbp y dé ching em sira chtra dé tai hoan
chinh hon.

Nhom thuc hién
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CHUONG I: CAC HE THONG THONG TIN KHONG DAY

Céc mod hinh hé thong thong tin khong day co thé duoc phan loai thanh 4 hé thong co ban
gom:
SISO (Single Input Single Output)
SIMO (Single Input Multiple Output)
MISO (Multiple Input Single Output)
MIMO (Multiple Input Multiple Output)
I.  Hé théng SISO.

_Y/

May phat € = logal £y} (bps/Hiz) May thu

Hinh 1.1: Hé thong SISO
H¢ thong SISO 1a hé thong thong tin khong day truyén thong chi st dung mot
anten phat va mdt anten thu. May phat va may thu chi c6 mdt bo cao tan va mot bo diéu
ché, giai diéu ché. Hé théng SISO thuong dung trong phat thanh va phat hinh, va cac k¥
thuat truyén dan vo tuyén ca nhan nhu Wi-Fi hay Bluetooth. Dung lugng hé théng phu
thudc vao ti sb tin hiéu trén nhiéu duoc xac dinh theo cong thure Shanon:

C =log, (1+SNR) bit/s/Hz.
II. Hé théng MISO.

igd o
May phat —T / T_

May thu

Hinh 1.2: Hé thong MISO.
Hé¢ théng su dung nhiéu anten phat va mdt anten thu dugc goi 1a hé théng MISO.

Hé théng nay co thé cung cip phan tap phat thong qua k§ thuat Alamouti tir d6 cai thién
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lwong tin hiéu hoic st dung Beamforming dé ting hiéu sudt phat va ving bao phu. Khi

may phat biét duoc thong ti kénh truyén, dung luong hé thong ting theo ham logarit cta

s6 anten phat va c¢6 thé duoc xac dinh gan dung theo cong thic:

C =log, (1+N.SNR) bit/s/Hz.

III. Hé thong SIMO.

May phat

="

C

= log,(1 + y)

= log, (1 + My)

May thu

Hinh 1.3: Hé thong SIMO.
Hé théng sir dung mot anten phat va nhiéu anten thu dugc goi 1a hé thong SIMO.

Trong hé thdng nay may thu c6 thé Iya chon hodc két hop tin hiéu tir cac anten thu nham

t6i da ty sd tin hiéu trén nhidu thong qua cac giai thuit beamforming hoic MMRC

(Maximal- Ratio Receive Combining). Khi may thu biét thong tin kénh truyén, dung

luong hé théng ting theo ham logarit ciia s6 anten thu, dugc tinh theo cong thirc:

C =log, (1+M.SNR) bit/s/Hz.

IV. Hé théng MIMO.

May phat

T =
_ ¥

log,(1+ y)

Hinh 1.4: Hé thong MIMO.
Hé théng MIMO 1a hé thong sir dung da anten ca noi phat va noi thu. Hé thong c

-1 May thu

thé cung cip phan tip phat nhd da anten phat, cung cip phén tip thu nhd vao da anten thu
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nham tang chat luong hé théng hodc thuc hi¢n Beamforming tai noi phat va noi thu dé
tang hiéu suit sir dung cong suit, triét can nhiu. Ngoai ra dung luong hé théng co thé cai
thién dang ké nho vao do loi ghép kénh cung cip boi k§ thuat ma hoa khong gian - thoi
gian V-BLAST. Khi thong tin kénh truyén duogc biét tai ca noi phat va thu, hé théng c6
thé cung cép dd loi phan tap cuc cao va do loi ghép kénh cuc dai, dung lugng hé théng
trong trudng hop phan tap cuc dai c6 thé xac dinh theo cong thirc:

C =log, (1+M.N.SNR) bit/s/Hz.

CHUONG II: HE THONG MIMO

I. Ky thuat phan tap.

Trong cac hé théng thong tin vo tuyén di dong, cac ky thuat phan tip duogc sir
dung rong rdi dé giam anh hudng cua Fading da dudng va cai thién do tin ciy cua truyén
dan ma khong phai ting cong suat phat hodc mo rong bang thong. K§ thuat phan tap dua
trén cac m6 hinh ma & doé tai bo thu s€ nhan dugc cac ban sao chép cua tin hi¢u phat, tat
c4 cac song mang s& co cung mot thong tin nhung su twong quan vé Fading thong ké 1a
rat nho. Y tuéng co ban cua phan tip 12 & chd, néu hai hodc nhiéu miu doc 1ap cua tin
hiéu duoc dua téi va cac mau dé bi anh huéng cua Fading 13 doc 1ap véi nhau, c6 nghia
1a trong s6 chiing, c6 nhing tin hiéu bi anh huéng nhiéu, trong khi cic miu khac bi anh
huong it hon. Diéu d6 c6 nghia 1a kha ning ciia cac mau dong thoi chiu anh hudng cua
Fading dudi mot muc cho trude 1a thip hon nhiéu so véi kha ning mot vai mau doc 1ap bi
nam dudi mirc d6. Do vay, bang cach két hop mot cach thich hop ciac miu khac nhau s&
dan t6i giam anh hudéng ciia Fading va do d6 ting do tin cay cua viéc phat tin hiéu. Mot
s6 phuong phap phan tap duoc st dung dé c6 duoc chét luong nhu mong mudn twong
ung voi pham vi phan tap duogc gioi thi€u, cac k¥ thuat phan tap dugc phan 16p thanh
phan tap thoi gian, tan sb va phan tap khong gian.

1. Phdn tdp thoi gian.
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Phén tap theo thoi gian co thé thu duoc qua ma hoa va xen kénh. Sau déy ta s& so sanh
hai trudng hop: truyén ky tu lién tiép va dung xen kénh khi d¢ loi kénh truyén rat nho.

ZAN
t
Khéng xen kénh
-~
T ma xo To ma x1 To ma x2 Tu ma x3
Xen kénh

Hinh 2.1: Phan tdp theo thoi gian.
Ttr hinh vé ta thdy rang: tir ma x, bi triét tiéu boi Fading néu khong dung bd xen

kénh, néu dung bd xen kénh thi mdi tir ma chi mat mot ky tu va ta cod thé phuc hdi lai tr 3
ky tu it bi anh hudng boi Fading.

Phén tap thoi gian c6 thé dat duoc bang cach truyén dir liéu gidng nhau qua nhiing
khe thoi gian khac nhau, tai noi thu céc tin hiéu Fading khong tuong quan véi nhau.
Khoang cach thoi gian yéu cau it nhat bang thoi gian nhit quan cta kénh truyén hoic

nghich ddo cua tbc do Fading.

M3 diéu khién 131 thuong dugc sir dung trong hé thdng truyén thong dé cung cap
d6 lgi ma (coding gain) so v&i hé thong khong ma hoa. Trong truyén thong di dong, ma
diéu khién 151 két hop voi xen kénh dé dat duoc su phén tap thoi gian. Trong trudng hop
nay, cac phién ban cia tin hiéu phat dén noi thu dudi dang du thira trong mién thoi gian.
Khoang thoi gian 1ap lai cac phién ban cua tin hi¢u phat dugc quy dinh bdi thoi gian xen
kénh dé thu dugc Fading doc 14p & ngd vao bo giai ma. Vi ton thoi gian cho bd xen kénh

dan dén tri hodn viéc giai ma, k§ thuat nay thudng hiéu qua trong méi truong Fading
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nhanh, & d6 thoi gian nhit quan cua kénh truyén nho. Ddi voi kénh truyén Fading chim
néu xen kénh qua nhiéu thi c6 thé dan dén tri hodn dang ké.
2. Phdn tdp tan sé.

Trong phan tap tan s, st dung cac thanh phan tan sé khac nhau dé phat cting mot
thong tin. Cac tan sd can duoc phan chia ¢é dam bao bi anh hudng cua fading mot cach
doc 1ap. Khoang cach giita cac tan sb phai 16n hon vai 1an bing thong nhat quan dé dam
bao rang fading trén céc tan sé khic nhau 1a khong twong quan véi nhau. Trong truyén
thong di dong, cac phién ban cua tin hiéu phat thudng duoc cung cip cho noi thu ¢ dang
du thira trong mién tan sé con dugc goi 1a trai phd, vi du nhu trai phd truc tiép, diéu ché
da song mang va nhay tin. K¥ thuat trai pho rat hidu qua khi bang thong nhét quan cia
kénh truyén nho. Tuy nhién, khi biang thong nhat quan cua kénh truyén 16n hon bing
thong trai pho, trai tré da duong s& nho hon chu ky cta tin hiéu. Trong trudng hop nay,
trai phd 1a khong hiéu qua dé cung cip phan tip tan sd. Phan tap tan sd gay ra su ton hao
hiéu suit bang thong tiry thudc vao sy du thira thong tin trong ciing bang tan sb.

3. Phdn tap khong gian.

Phan tap khong gian con goi 1a phan tap anten. Phan tap khong gian dugc sir dung
pho bién trong truyén théng khong diy dung séng viba. Phan tap khong gian sir dung
nhiéu anten hodc chudi array duoc sip xép trong khong gian tai phia phat hodc phia thu.
Céc anten dugc phan chia ¢ nhitng khoang cach du 16n, sao cho tin hi¢u khong tuong
quan v&i nhau.

Yéu cau vé khoang cach giita cac anten tuy thudc vao do cao ciia anten, mdi
treong lan truyén va tan s6 1am viéc. Khoang cach dién hinh khoang vai budc song 1a du
dé cac tin hiéu khong twong quan voi nhau. Trong phén tdp khéng gian, cac phién ban
clia tin hi¢u phat dugc truyén dén noi thu tao nén sy du thira trong mién khong gian.
Khong gidng nhu phan tip théi gian va tan sb, phan tip khong gian khong 1am giam hiéu
suat bang thong. Pic tinh nay rit quan trong trong truyén thong khong day tdec do cao
trong tuong lai.

Tuy thudc vao viéc st dung nhiéu anten hodc & noi phat hodc noi thu ma nguoi ta chia
phan tap khong gian thanh ba loai:
- phan tap anten phat (hé thong MISO)
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- phan tap anten thu (hé théng SIMO)

- phan tip anten phat va thu (hé théng MIMO).

Trong phén tap anten thu, nhiéu anten dugc sir dung & noi thu dé nhan cac phién ban
cua tin hi€u phat mot cach doc 1ap. Cac phién ban cua tin hiéu phat dugc két hop mot
cach hoan hao dé ting SNR ciia tin hiéu thu va 1am giam bét Fading da duong.

II. Do loi trong hé théng MIMO.

1. D¢ lgi Beamforming.

Beamforming giup hé thong tip trung ning lugng birc xa theo huéng mong mudn gitp
tang hiéu qua cong suat, giam can nhiéu va tranh duoc can nhiéu t6i tir cac huéng khong
mong mudn, tir d6 gitp cai thién chat lugng kénh truyén va ting do bao phu cta hé
théng. Dé co6 thé thuc hién Beamforming, khoang cach gita cac anten trong hé thong
MIMO thuong nhé hon budce song A (thong thuong la 1/2), Beamforming thuong dugc
thuc hién trong moi truong it tdn xa .Khi moi trudng tan xa manh hé théng MIMO c¢6 thé
cung cap do loi ghép kénh khong gian va d6 loi phan tap.

Y Y
w [V IED Y] wx
Y Y

Hinh 2.2: Ky thudt Beamforming.
2. D¢ lgi ghép kénh khong gian.

TX RX

Hinh 2.3: Ghép kénh khéng gian gitip tang toc do truyén.
Tan dung cac kénh truyén song song c6 duoc tir da anten tai phia phat va phia thu
trong hé théng MIMO, céc tin hi¢u s€¢ dugc phat doc lap va déng thoi ra cac anten (hinh
2.3), nhim ting dung luong kénh truyén ma khéng can ting cong suat phat hay ting bang

thong hé théng. Dung lugng hé thong s& ting tuyén tinh theo sd cac kénh truyén song
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song trong hé thdng. Dé cuc dai do loi ghép kénh qua d6 cuc dai dung luong kénh truyén

thuat toan V-BLAST (Vertical- Bell Laboratories Layered Space-Time) duogc ap dung.

3. D¢ loi phén tap.

Y g K
Lol
\\ Prd

-
~ \f’/,
PR

- \\
/”’ \A
j ———,——s z

Hinh 2.4: Khong gian phdn tdp giup cai thién SNR.

TX RX

Trong truyén dan vo tuyén, mc tin hiéu ludn thay ddi, bi Fading lién tuc theo
khong gian, thoi gian va tan s, khién cho tin hiéu tai noi thu khong 6n dinh, viéc phan
tap cung cip cho cac bd thu cac ban sao tin hiéu giéng nhau qua cac kénh truyén Fading
khac nhau (hinh 2.4), bd thu c6 thé lua chon hay két hop hay két hop céc ban sao tin hiéu
nay dé giam thiéu toc do sai bit BER, chéng Fading qua d6 ting do tin cy cia hé thong.
Dé cuc dai d6 loi phan tap, giam BER va chdng lai Fading, thuat toan STBC (Space-
Time Block Code) va STTC (Space-Time Trellis Code) dugc ap dung.

Thuc té, & hé thong c6 dung luong cao, BER thip, chong duoc Fading, ta phai co
su twong quan giita 6 loi phan tap va do loi ghép kénh trong viéc thiét ké hé thong.

III. Ky thuit ma hoa khong gian va thoi gian.
1. M khéi khéng gian thoi gian STBC.

Dé c6 thé cai thién chat lugng 13i clia truyén dan nhidu anten nguoi ta c6 kha ning
két hop ma héa chdng 16i v6i thiét ké phan tdp phat. Ma chdng 15i két hop véi cac
phuong phap phan tap c6 thé vira dat duoc do ting ich ma lai vira c6 loi tir viée phan tap,
tuy nhién ta s& gip phai van dé ton that vé bang théng do viéc du thira cia ma.

Chung ta xem xét mot hé thong thong tin stir dung ma khong gian thoi gian trén
bang gdc véi Ny antenna phat va Ny antenna thu nhu hinh 2.5. Céac dit liéu phat di duoc

ma hoa bdi bd ma hoa khong gian thoi gian.
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_l .1’,: ;-.: |
- A
Nguén C | Bamo hoo X; S$p ‘
thung tin KG-TG B b
thu
el X, 1

Hinh 2.5: M6 hinh hé théng bang goc.

Tai mdi khoang thoi gian t, mot khdi gdbm m symbol thong tin nhi phan dugc biéu
dién béi:

C, =(c,cl..c")

Dugc dua vao bo ma hoa khong gian - thoi gian. B ma hoa khong gian thoi gian
s& 4nh xa khéi dit liéu vao nhi phan m vé&i Nt symbol diéu ché tir mot tap tin hi¢u cuia M
= 2™ diém. Dir liéu duoc mi hoa s& duoc dua t6i bd bién doi ndi tiép / song song (S/P)
sinh ra mot chudi Nt symbol song song, dugc sip xép vao vecto Ny x1 cot.

x, =(x,x".x")"

O day T biéu thi su chuyén vi ctia ma tran, cac ddu ra song song Nt dong thoi
dugc phat boi Nt antenna khac nhau, ¢ day symbol x/ , 1 < i < Ny dugc phat di boi
anten i va tat ca cac symbol duoc phat trong ciing mot khoang thoi gian T gidy. Vecto
clia cac symbol duoc didu ché ma nhu duoc goi 1a symbol khong gian-thoi gian.

STBC (Space Time Block Codes) 1a ky thuat ma hoa tin hi¢u theo khong gian va
thoi gian nham khai thac d6 loi phan tip khong gian va phan tap thoi gian cua kénh
truyén vo tuyén.

Ma STBC duoc dua ra dudi dang mot ma tran. Moi cot twong trung cho mot khe
thoi gian, con mdi hang tugng trung cho qua trinh phéat ciia 1 anten trén toan mién thoi

gian.
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Anten truyén

[
»

x,;, K Xin,
Khe thoi gian M O M
xp L XN,

v

Hinh 2.6: Ma tran ma STBC.
Trong do, s;j la symbol diéu ché duoc phat tir anten thr j vao khe thoi gian tht i. O
day co T khe thoi gian va Nt anten phat va Ny anten thu.
Cadc dinh nghia trong STBC-MIMO
Ty 1¢é ma: ciia 1 ma khdi khong gain thoi gian duge dinh nghia nhu ty s6 giita s6 symbol
ma bd ma hoa dua vao dau vao cta né va sb khe thoi gian cua 1 khéi. Néu 1 khdi ma hoa

k symbol thi ty 1¢ ma la:

- B¢ phan tap:
Goi 1 tir ma la:
_Jd2 N2 N 12 N
X=XX X XX 020 o XXy X
1 tor ma khac 1a :
¥,

L an Nn N, 12 N,
X =X XX T Xy Xy Xy Xy Xy Xy

Khi d6, ta c6 ma tran

x'1 —xi x3—x3 . X't —x}

2 2 12 2 12 2

D(x,x,)= xl_xl xz_xz °.°° xT_xT
(Nt Nt ({Np Nt ... (Nt Nt

X1 X1 X2 X2 X T Xt

Néu ma tran D c6 hang ddy du (full rank) cho moi cip tir x # x’ bat ky thi ta dat

dugc sy phan tap 16n nhét c¢6 thé NyNg.
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2. Ma luoi khong gian thoi gian STTC.
STTC cho phép phan tap day du va do loi mi cao, STTC 1a loai ma chap dugc mé rong
cho truong hop MIMO. Cau truc ma chap dat biét phu hop véi truyén thong vii tru va vé
tinh, do chi st dung bd ma héa don gian nhung dat dugc hi€u qua cao nhd vao phuong
phap giai ma phuc tap.

Néu nhu STBC xir ly ddc 1ap tirng khdi ki tu ddu vao dé tao ra mot chudi cac vevtor
mi doc 1ap, thi STTC xir 1y ting chudi ky tu dau vao dé tao ra timg chudi vector ma phu
thudc vao trang thai ma trude d6 cia bd ma hoa.

B mi hoa tao cic vector ma bang cach dich chuyén céc bit dir liéu qua thanh ghi
dich qua K ting mdi tang co k bit. Mot bo n phép cong nhi phan véi dau vao 1 K tang s&
tao ra vector ma n bit cho mdi k bit dau vao. Tai mot thoi diém, k bit dit liéu du vao s&
duoc dich vao ting dau tién cua thanh ghi dich, k bit cta ting dau s& duoc dich vao k bit
cta tang ké. Mdi lan dich k bit dir liéu vao s& tao ra mot vector ma n bit.

Tbc 36 ma 1a R, = k/n.

K 14 s6 ting cua thanh ghi dich dugc goi 1a constraint length ctia bd ma. Hinh duéi
cho ta thay rd mdi vector mi trong mé luéi phu thudc vao kK bit, bao gom k bit dir liéu
vao tan dau tién va (K-1)k bit cia K-1 tang cudi ciia bd ma hoa, K-1 tang cudi nay goi la
trang thai cia bo ma hod, trong khi d6 chi c6 k bit dir liéu dau vao trong ma khéi anh

hudng tdi vector ma.

n bit N .
1 D | eee | n t——3p TGibd di€uché

Kk bit
— 1|2 |~ |k 1| 2 [om | kK > e — 1| 2 e |k

Tang 1 Tang2 Tang K

Hinh 2.7: So dé ma ludi.

13 D6 An Mén Hoc: Théng Tin Di Pdng



M3 ludi duge biéu dién thong qua ludi ma (code trellis) hodc so do trang thai
(state diagram) mé ta su bién d6i tir trang thai hién tai sang trang thai ké tiép tuy thudc k

bit dit liéu dau vao vi du: Bo mi ludik=1,K=3 van=2.

2 bit
1 2 >

1 bit
> 1 > 2 > 3

Hinh 2.8: M6 td so dé md héavéik=1,K=3van=2

Trang thdi Trang thdi -
hién tai ké tiép Vectorma 1
00=0 \ 00=0 00,11
01=1 01=1 11, 00
10=2 10=2 10,01
11=3 11=3 01,10
Lu6i ma So do trang thai
Ngsvio 1 10 1 1 1 e Biviel
TX1 111010 Bit vio 0

TX2 1 00001
Hinh 2.9: Ludi ma va so dé trang thdivoik =1, K=3van =2
Tin hiéu nhan duoc tai may thu s& dugce bd giai ma twong quan t6i da khong gian-
thoi gian STMLD (Space-Time Maximum Likelihood Decoder) gidi ma. B STMLD s¢
duoc thuc hi¢n thanh gidi thuat vector Viterbi, dudng ma nao cé metric tich luy nhd nhat
s& duoc chon 14 chudi dir liéu duoc giai ma. PO phirc tap cua bd giai ma tang theo ham

mil voi sO trang thai trén gian d6 chom sao va so trang thai ma ludi, mot bo ma STTC cod

14 D6 An Mén Hoc: Théng Tin Di Pdng



bac phan tap la D truyén dit liéu voi tée d6 R bps thi do phuc tap ctia bd giai ma ti I¢ véi
h¢ s6 28D,

STTC cung cap d6 loi ma tot hon nhiéu STBC d6 loi ma ciia STTC tang 1én khi
tang sb trang thai cua ludi mi. Tuy nhién do phirc tap cua STBC thip hon nhiéu d6 phurc
tap cia STTC, do STBC dugc ma hoa va gidi ma don gidn nho vao cac giai thuat xu 1y
tuyén tinh, nén STBC phu hop véi cac ing dung thuc té trong hé thdng MIMO hon
STTC.

3. Mo hinh hé thong MIMO.
Déi véi hé thong da anten gdbm cd Ny anten phat va Ny anten thu.

11 h12 ‘e thT x1 Tl1
R | e e 2.1)
hNR

1 hNRZ w Aypng XNy Mg

Véi y e C" biéu dién tin hiéu nhan duogc tir Nk chiéu (N anten). x e C" biéu dién
tin hiéu truyén di boi Nt anten. ne C"ky hiéu nhiéu tring Guass voéi phan bd chuin
N(0,0%). H e C™™ la ma tran kénh truyén chira cac hé sb h;j, kich thudc NgxNr, hy; biéu
dién 6 loi cta kénh truyén tir anten phat j dén anten thu i.

Phuong sai cua tin hi¢u phat di la:

0=E(R")

Vi E 1a phép tinh ky vong va x” 1a phép chuyén vi va lay lién hop phirc cia x

Téng cong suat phat di trong 1 chu ki symbol 13 P. Va diéu kién rang budc la
P>trace(Q)Trace 1a phép toan iy hang ctia ma tran.

Gia st cong suat phat ciia mdi anten 1a nhu nhau va bang P/nt.

Nhiéu tai bd thu duoc biéu dién qua vecto n [ng, 1]. Cac thanh phan nhidu c6 phan
phdi Guass doc lap théng ké va trung binh bang 0. Phurong sai ctia tin hiéu nhiéu 14 :

R=En")=0c1,

MG&i anten thu chju céng suat nhiéu 13 o>

Véi P, 1a cong suat trung binh ctia mdi anten, va chiing ta gia sir rang tong cong
sudt thu duoc ¢ 1 anten bang tong cong suat phat P,=P.

Ty s6 tin hiéu trén nhiéu SNR tai mdi anten thu 1a :
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svp_PT_ P
(o}

Dung luong ctia kénh truyén MIMO

Ma tran kénh truyén H ctia kénh truyén MIMO dinh trude va duoc xem 1a bat bién
trong sudt thoi gian truyén va tong cong suit phat trén Ny 1a P dugce xem 1a khong dbi.
Theo 1y thuyét tach ma tran SVD cho ma tran bat ki ta co.
H=UD"

Vé6i D 1a ma tran dudng chéo véi cac hé s thuc khong 4m c6 kich thudce (ng x ny),
U va V 12 ma trdn vudng (ng X ng) va (nr x ny). Cac ma tran ndy c6 nhiing tinh cht tryc
giao: UU" =1, va vv" =1,

Cac hé sb thyc cia D 1a d;>d,>...dy v6i N = min(Nt,Nr) c6 thé tinh dugc bang
can bac hai cta cac tri riéng A" ma tran H""

d,=\2,
Tin hi€u ¢ phia thu nhan duogc la:
r=UDV"x+n
Nhén ma trin U vao ca hai vé cta phuong trinh trén va ta duoc:
r=UDV"x+U"n

Pitr’ =U"r, x’ = V" x,n’ =U"n. Vecto n’ ¢6 phan thuc va phan 4o 1 bién ngiu nhién
Gaussian trung binh 0.

Vi thé kénh truyén ban dau co thé viét lai dudi dang nhu sau:

r =Dx +n
bat \/Z la can cua cac gia tri riéng khac 0 cia H 1 voii=1, 2...u. Céc thanh

phén tin hi¢u nhan dugc co6 dang:
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__________________________________________ 5
1 A ”'l
: 4’(%—’%—' '
N N
X - ' r r

Tién xar ly P Hau xa ly

Hinh 2.10 : Chuyén doi kénh truyén MIMO thanh cdc kénh truyén song

M0 hinh phan tap khi Ny >Ny

X1 M -
f; X5 \"/b1 _ i -
° L
° L]
° L]
.’\'l_ .'./l_h
= v > 7
“R
Viiz 1 0 -
L]
L]
L]
T X, 0 -

Hinh 2.11: M6 hinh phan tdp Ny > Ny
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Khi N1<Ny

\

Hinh 2.12: M6 hinh phan tdp khi Ny<Ng
Gia sir rang cong suat phat cia mdi anten trong mo hinh twong dwong MIMO 1a
P/Nr.
Chung ta c6 thé tinh dung luong kénh truyén tong cong qua cong thirc Shannon:

P

C=B) log,(1+-1)
(o2

i=1
C 1a téng dung luong kénh truyén.
B 13 bang thong mdi kénh truyén don va P, la cong sudt tin hiéu nhan duoc trén

mdi kénh truyén don.

Vi thé dung luong tong cong c6 thé viét lai nhu sau:
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Hay la :

u AP
CzBZlog2(1+ Nlaz)

i=1 T

“ AP
C=Blo 1+—
ng( NGZ)

i=1 T

IV. Uu ,nhwoc diém hé thong MIMO.
1. Uu diém.

Co6 hiéu suat st dung pho tan cao dap ung duge nhu cau vé dung luong
Khic phuc duoc nhugc diém cua truyén da duong dé ting dung luong va
chat luong truyén dan.

Trong cac hé théng MIMO, phadinh ngau nhién va trai tré c6 thé dugc s
dung dé ting thong luong.

Céc h¢ thong MIMO cho phép ting dung lugng ma khong can ting bing

thong va cong suat.

2. Nhwoc diém.

Hé théng MIMO chtra nhiéu anten dan dén: ting d6 phuc tap, thé tich, gia
thanh phan ctmg so vai SISO.

Vi diéu kién kénh phu thudc vao méi truong vo tuyén nén khong phai bao
gid hé théng MIMO ciing c6 loi.

Khi ton tai duong truyén thang (LOS), cuong d6 truong LOS cao hon tai
may thu s& dan dén hiéu ning ciing nhu dung luong ciia hé théng SISO tdt
hon, trong khi d6 dung luong ctia hé théng MIMO lai giam. Ly do vi cac
dong gop manh ctua LOS dan dén twong quan giira cac anten manh hon va

diéu nay lam giam vu diém sir dung hé théng MIMO.

V. KétLuan

- Cong nghé MIMO cho phép cac hé thong tin ¢ thé dat duoc dung ning
cao hon va két ndi tin cay hon cac h¢ hién co.

- Hé MIMO bang viéc str dung nhiéu anten & ca may phat va may thu, da
bién nhugc diém cia viée truyén da duong thanh wu thé cia né.

- Hé MIMO cho ta dung ning ting tuyén tinh vi sé anten ma hé sir dung,
ma khong can ting d6 rong bang thong hay cong suat phat.

19 D6 An Mén Hoc: Théng Tin Di Pdng



- Hé MIMO con ¢6 vu diém manh vé mit phan tap so voi cac hé khong
day hién co, tde d6 ctia hé MIMO c6 thé duoc tang khi ta st dung ma
khong gian_ thoi gian voi diu kién khoang cach giira cac anten 1 da va
trong moi truong fading phong phu.

Chwong 111 : KY THUAT OFDM.

Trong nhitng nim gan day, phuong thirc ghép kénh phan chia theo tan sb truc giao
OFDM (Orthogonal Frequency Division Multiplexing) khong ngtrng dugc nghién ctiru va
mo rong pham vi ung dung béi nhitng wu diém cia né trong tiét kiém bang tin va kha
ning chdng lai Fading chon loc theo tan s ciing nhur xuyén nhiéu bang hep.

K§ thuat diéu ché OFDM 1a mot trudng hop dic biét cua phuong phap diéu ché da
song mang trong d6 cic séng mang phu truc giao véi nhau, nhd vay phd tin hiéu & cac
song mang phu cho phép chdng 1an 1én nhau ma phia thu van c6 thé khoi phyc lai tin hiéu
ban dau.

I. Tinh truc giao trong OFDM.
Mot tin hiéu duoc goi 1a tryc giao néu nd c6 quan hé doc 1ap véi tin hiéu khac.

Tinh truc giao 1a mot dic tinh cho phép truyén mot lac nhiéu thong tin trén mot kénh
chung ma khong gy ra nhidu. Chinh sy mat tinh truc giao 1a nguyén nhan gy ra su suy
giam tin hiéu trong vién thong.

OFDM dat duoc su truc giao bang cach cip phat cho mdi ngudn thong tin mot sb
song mang nhat dinh khac nhau. Tin hiéu OFDM dat dugc chinh 1a tong hop cua tat ca
cac song sin ndy. Moi mot song mang c6 mot chu ki sao cho bang mot sé nguyén 1an thoi
gian can thiét dé truyén mot ky hiéu (symbol duration). Tirc 1a dé truyén mot ky hiéu
chung ta s& can mot sd nguyén lan cta chu ky. Hinh 3.1 13 truong hop cua tin hiéu

OFDM v6i 4 song mang phu.
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Hinh 3.1: Céu triic ctia mét tin hiéu OFDM.

Céc hinh (1a), (2a), (3a), (4a) 1a mién thoi gian clia cac song mang don tan vdi cac
chisb 1, 2, 3, 4 1a s6 chu ky trén mdi ky hiéu. Cac hinh (1b), (2b), (3b), (4b) 1a mién tin
sO nho sir dung bién doi Fourier nhanh ciia tin hi¢u. Hinh phia dudi cing 1a tin hiéu tong
hop cua 4 song mang phu.

Tap hop cac ham duoc goi 1a truc giao néu théa man biéu thire (2.1)

C<=>i=j

[ $.08,(dr=C*5(-j) :{0 <=>i#j

Nhiing song mang nay tryc giao véi nhau vi khi nhén dang séng cua 2 song mang

bat ky va sau d6 l4y tich phan trong khoang thoi gian T s& c6 két qua bang khong.
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II. Mo hinh hé thong.
OFDM truvén
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OFDM nhan

Hinh 3.2: M6 hinh hé théng OFDM.

III. Ma héa kénh.

- Tin hi€u qua kénh truyén s& bi anh hudng bai nhiéu, can nhiéu , fading,... Do
d6, tin hiéu & dau thu s& bi sai so véi tin hiéu truyén.

- K¥ thuat ma hoa kiém so4t 151 ¢6 thé tach va stra 16i x4y ra khi thong diép duoc
truyén trén hé thong thong tin sd.

- M4 héa kénh: dung dé bao vé dir liéu khong bi sai bang cach thém vao céc bit
du thira (Redundancy). Nho d6 bo giai ma st dung cac ki ty du nay dé tach va
chinh stra 161 xuét hién trong khi truyén.

- M4 hoa kénh khong 1am giam 151 bit truyén ma chi 1a giam 151 bit dit liéu.

- Céc loai mi hoa FEC(Forward erré control) trong hé thong thong tin:

+ M3 hoa khéi (Block Codes)
e Ma hda Reed-Solomon

e Ma héa BCH

e Ma hoa vong

e Ma héa Hamming

e Mi hoa khbi tuyén tinh

+ Ma hoa chap (Convolutional Codes)
Vi hé théng OFDM dé sira sai bit khi song mang cua hé thong bi anh huong boi

fading chon loc tan s6 va ICI gdy ra boi fading nhanh thuong str dung FEC 1a ma hoa

khéi Reed-Solomon va mé hoa chép.
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IV. KY¥ thuat phan tan dir li¢u.
B6 x40 tron hay con goi l1a bo dan xen (Interleaving) 1a mot tién trinh thuc hién
hoan vi trat tu sap xép cua chudi goc theo mdt quan hé xac dinh.

Fading chon loc tan s cta kénh truyén vo tuyén thudng tao ra chum 15i lién tiép
(bursty error) hon 15i phan tdn ngau nhién (dudi tac dong cia AWGN). Ma hau hét cac
mi tién stra 161 FEC khong thé giai quyét 16i chum nén phai dung b dan xen dé bién 15
chum thang 18i phéan tin ngiu nhién. Tir d0, ta c6 thé ding cac bo ma chap, ma khéi dé
stra 10i.

Cac loai dan xen:

+ Pan xen khéi (Block Interleaving).
+ Pan xen chong chip / Chéo (Convolutinal or cross interleaving) .
Xét 1 ma co 3 coded bits.

Néu 1 chum 13i ¢6 do dai 3 bit:

XXX
[a1]a2]a3[B1{82[B3[C1]C2|C3]
2 efrors
Néu dung 1 khéi dan xen 3X3:

[a1[a2]a3[B1[B2[B3[C1]C2[C3] A1[B1 im iA2|B2|C2|A3|B3|C3|

Interleaver Deinterleaver
X X X
|A1[B1|C1]A2[B2|C2]A3[B3|C3] la1]a2]a3[s1|82[B3|C1]C2|C3]

T errors T efrors T @rrors

Nhin chung thi muc dich cudi cung cua viéc thyc hién Interleaving 1a dam bao cho
xac sut xuat hién bit 1 va bit 0 1a déu nhau.
V.  Chuyén d6i song song/ndi tiép, ndi tiép/song song.
Theo Shanon toéc d§ dit li¢u cao nhat cho kénh truyén chi c6 nhi¢u trang AWGN
(khong c6 fading):
Ciax = B.log, (1 + S/N) [ b/s]
Véi: - Blabing thong cia kénh truyén [Hz]

- S/N 1a ti s6 tin hiéu trén nhi€u cia kénh truyeén.
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Vi vy muén truyén dir liéu véi tbe do cao hon Cyny ta phai chia nho ludng dir liéu
tdc do cao thanh cac ludng dir liéu tbc do thap hon C,.y, bang cach sir dung bd chuyén dbi
ndi tiép sang song song Serial/Parallel.

Ttc 1a chia ludng dit liéu vao thanh ting frame nho c6 chiéu dai

k xb Bit (k <N)
v6i: - blasd bit trong md hinh diéu ché sb
- N sb song mang,

k, N s& dugc chon sao cho cac ludng dit liéu song song c6 tde do du thip, dé bang
thong twong Gmg du hep, sao cho ham truyén trong khoang bang thong d6 co6 thé xem 1a
phang. Bang cach sir dung bd S/P ta di chuyén kénh truyén fading chon loc tan s thanh

kénh truyén fading phang.

F

Lo Dir licu

-1
- > )
Diliéu [7T7] [w] Serial to )
Ny ' - ' SONY song
nol Lép » Parallel |
- Converter ;
T’= M's

Y

A
Y

|

Hinhg 3.3: Bé chuyén doi S/P.
Nguoc lai phia phat, phia thu s& ding bo Parallel/Serial dé ghép N ludng dit liéu

tdc do thap thanh mot ludng dir liéu téc do cao duy nhét.

- L. -3
Dir liéu "1 Parallel — A— o
song song : To Serial ~-‘_____"__,. [)_lr |I.t__'l1
: Converter T ndi tiép
F 4
: | T, = NT,
...
-, L )
T

Hinh 3.4: B6 chuyén doi P/S.
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VI. Diéu ché séng mang con.
OFDM la mot ky thuét diéu ché da song mang, trong do dur liéu duoc truyen song

song nhd vo sb song mang phu mang cac bit thong tin. Bang cach ndy ta c6 thé tan dung
bang thong tin hiéu, chdng lai nhiéu giira cac ky tu,.

&' &'
—| o) o —=X)—={a’()
: d &' .
—EE—S- " e g
4 &N
U}~ L &

Hinh 3.5: Piéu ché da séng mang con.

Néu truyén tin hiéu khong phai bang mot song mang ma bang nhiéu séng mang,
mdi séong mang tai mot phan dir liu co ich va duogc trai déu trén ca bang thong thi khi
chiju anh hudng x4u cia dap tuyén kénh s& chi c6 mot phan dir liéu c6 ich bi mat, trén co
so dir liéu ma cac song mang khac mang tai c6 thé khoi phuc dir liéu c6 ich.
Trong hé théng FDM thong thuong, cic séong mang duoc cach nhau trong mot khoang
phu hop dé tin hiéu thu c6 thé nhan lai bﬁng cach str dung cac bd loc va cac by giai diéu
ché thong thuong. Trong cic may nhu vy, cac khoang bao vé can dugc du lidu trude
gilta cac song mang khac nhau. Vi€c dua vao cac khoang bao vé nay lam giam hiu qua
stt dung phd cua hé thong. Tuy nhién, trong OFDM c6 thé sap x€p cac sdOng mang sao
cho cac dai bién cua chung che phu 1én nhau ma céc tin hiéu van c6 thé thu duoc chinh
x4ac ma khong co su can nhidu giita cac song mang. Pé c6 duoc két qua nhu vay, cac
song mang phai truc giao vé mit toan hoc.

Tin hiéu vao mdi luéng cia OFDM c6 thé dugce diéu ché bang cac ki thuat diéu ct}é
BPSK, QPSK, 16-QAM, 64-QAM. Tin hi¢u ngd vao la chu6i M bits va ngd ra dugc biéu
dién bdi s6 phuc d,=a,+b, gobm thanh phan I va Q.

M Dang diéu ché |a, b,

2 BPSK +1

4 QPSK +1

16 16-QAM +1,+3

64 64-QAM +1,43,4+5,+7
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VII. Ky thuat IFFT va FFT.
Nhu d3 dé cép trong phan khai niém vé OFDM, ta di biét OFDM la k¥ thuat diéu

ché da song mang, trong d6 dit liéu duge truyén song song nhd rat nhiéu séng mang phu.
Pé 1am duoc diéu ndy, cit mdi kénh phu, ta can mot may phat song sin, mdt b diéu ché
va mot bo giai diéu ché. Trong trudong hop sb kénh phu 1a kha 16n thi cach lam trén
khong hiéu qua, nhiéu khi 1a khong thé thyc hién duogc.

Nhim giai quyét vin dé nay, khdi thuc hién chtrc ning bién d6i DFT/IDFT duogc
dung dé thay thé toan bd cac bd tao dao dong séng sin, b diéu ché, giai diéu ché dung
trong moi kénh phu. FFT/IFFT dugc xem 1a mot thuat toan giup cho viéc thuc hién phép
bién d6i DFT/IDFT nhanh va gon hon bang cach giam s phép nhan phirc khi thyc hién
phép bién db6i DFT/IDFT.

Ta quy udc: Chudi tin hiéu vao X(k) , 0 <k < N-1

Khoang cach tan so giita cac song mang 1a: Af

Chu ky cua mét ky tu OFDM la: Ts

Tan s6 trén song mang thir k 12 fi = f, + kAf

Tin hiéu phat di c6 thé biéu dién dudi dang:

N -1
X(t) _ Z X(k)ejZH(f0+kAf)t

bt 0<t<T,

b

N -1

e]2H fofz X(k)ej2HkAft
k=0

Trong do:

N-1
x, (1) = ), X (k)e?
k=0

La tin hiéu bing gbc.
O bing gbc:
+ Néu léy mau tin hiéu v6i mot chu ky Ty¢/N, tic 1a chon N mau trong mot chu ky

tin hiéu, phuong trinh (2.2) dugc viét lai nhu sau:

N-1
xa(z‘) = xa(%Ts) — ZX(k)ejZH"kAfTS/N

k=0
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+ Néu thoa man diéu kién:
MT, =1 (Af = 7))

Thi cac séng mang s& truc giao voi nhau, lac nay phuong trinh trén dugc viét lai:
N-1 .
x,(n)=> X (k)e’*"™ " = N.IDFT {X(k)}
k=0

Phuong trinh trén ching to tin hi¢u ra ctia bo IDFT 1a mdt tin hi€u ro1i rac cling c6
chiéu dai 13 N nhung trong mién thoi gian.
Tai bo thu, bd DFT duoc st dung dé 14y lai tin hiéu X(k) ban dau

That vay, ta co :

N-1 N-1 N-1
X (k)= DFT{x,(n)} = Zxa (n)e 2N = %Z X (m)e/2 M mh/N
n=0 n=0 m=0
N-1 N-1 N-1
= % X(m)ZeJZI_ln(Wl—k)/N _ ﬁZX(WL)Né‘(m _ k)
m=0 n=0 m=0
. mZ:(:)X(m)é'(m - k): X

O day, ham 90"~ k) 13 ham delta, dugc dinh nghia la:

1 khi n=0
o(n) = .
0 khi n#0

VIII. Khoang bio vé.

Gia thiét mot mau tin hiéu OFDM c6 d6 dai 1a T . Chudi bao vé 1a mot chudi tin
hiéu c6 do dai 1a T & phia sau sao chép 1én phan phia trudc cta tin hiéu nay. Su sao
chép nay co tac dung chong lai nhiéu ISI(nhiéu lién ky tr) gay ra boi hiéu ing da duong.

Nguyén tic ndy duogc giai thich nhu sau:

Gia thiét may phat phat di 1 khoang tin hiéu hinh sin c6 chiéu dai 1a Tg. Sau khi
chén chudi bao vé tin hiéu nay c6 chu ky 1a T= Tg + Tg. Do hiéu ung da dudng tin hiéu
nay s& dén may thu qua nhiéu tuyén dudng truyén véi tré truyén din khac nhau. Dé don

gian cho viéc giai thich nguyén 1y nay, hinh dudi chi mé ta tin hiéu thu dugc tir hai tuyén
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truyén dan, trong d6 mot tuyén truyén dan khong co tré, tuyén con lai tré so v6i tuyén dau
tién 1at,,y .

O tuyén dau tién ta nhan thdy miu tin hiéu thir (k-1) khong chong 14n 1én mau tin
hiéu ther k. Diéu nay 1a do ta gia st rang tuyén dau tién khong co tré truyén din. Tuy
nhién & tuyén 2, mau tin hiéu thir (k-1) bi dich sang mau tin hiéu thtr k mot khoang 13 Ty
do tr& truyén din. Twong ty nhu vAy mau tin hiéu thir k bi dich sang tin hiéu thir (k+1)
mot khoang cling 13 Ty . Tin hiéu thu duge ¢ may thu s& 1a téng cta tin hiéu tat ca cac
tuyén. Su dich tin hiéu do tr& truyén dan trong cac phuong phap diéu ché théng thuong s&
gdy ra nhiu ISI. Tuy nhién trong hé théng OFDM c6 sir dung chudi bao vé s& loai bo
duoc nhiéu nay. Trong truong hop T >Tmax nhu mo ta & hinh 2.5, thi phén bi chéng lan
tin hiéu gay nhiéu ISI chi ndm trong khoang ctia chudi bao vé. Khoang tin hiéu c6 ich c6
d6 dai Tg khong bi chong 14n béi cac miu tin hiéu khac. O phia thu, chudi bao vé sé& bi
gat bo trude khi giri dén bo giai diéu ché OFDM. Piéu kién quyét dinh dé dam bao hé
thdng OFDM khéng bi 4nh hudng boi nhidu ISI 1a:

TG >Tmax
Chudi Phan ¢ ich cia

bao vé”— ky hiéu k.

copy chuoi bao v¢

/|

-
\

I |

[y
15«._-

1

1

/
\
4

/

— K _
“—> < >
I /
L , S : | I
kT k(1+1)

Hinh 3.6: Mo ta ung dung cua chuoi bao vé trong viéc chong nhiéu ISIL.
Viéc str dung chuoi bao v¢ s€ dam bao dugc tinh truc giao ctiia cac song mang phu,

do vay don gian hoéa cau triic b udc lugng kénh truyén, bo can bang tin hi¢u ¢ phia may
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thu. Tuy nhién chudi bao vé khong mang thong tin c6 ich nén phd tin hiéu cua hé thong

bi gidm di mot hé so la:

n= _Is hieu suat= phat/thu

T, + T

: Te
Truc tép |« > il

( ] ;

Y

Tré [ | | | |
Apppa A4

Chu k¥ 13y mau

Hinh 3.7: Trdi tré nhé hon khodng bdo vé sé khong gay ra ISI va ICI.

Kénh da duong

thoi gian

D6 dai mét mau

- .5 I T
Duimg trykc ticp -
A

Pa duong thu 1

. A i
. . :r D R e
p) i 9?@;‘)&’?% i g ,@‘l?!’t‘::f/y/;
Da duromg thn 2 .
T \\\ can nhiéu
151

(a)
Hinh 3.8a
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D dai mét mau

D¢ dai mot FFT

Puang tryc tiép

DPa duong thu 1

Da duong thu 2

I
e

(b)
Hinh 3.8: Thanh phan cia ky tw OFDM thu dwoc khi truyén qua kénh Multipath,
(a) khong co khoang bao vé, (b) co khoang bao vé.

Kénh da duong

t 11

D dai mét mau Do dai mét mau

— =i = —‘

P thoi gian

Mau thit 1

Mau th 2

(@)

Hinh 3.9a
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D¢ dai mét mau

GI Do dai FFT

$s————+00 -

I,

Mau thi 1

Mau thit 2 ; I

(b)

Hinh 3.9: Nhitng ky tw OFDM thu dwoc sau khi truyén qua kénh truyén Multipath, (a)
khong khoang bao vé, (b) co khoang bado vé

Hinh 3.8 minh hoa khai niém chén khoang thoi gian bao vé trong hé thong OFDM
va hinh 3.9 minh hoa ¥ tudong dung khoang bao vé dé loai bo khoang ISI giita nhitng ky
ty OFDM, & hinh 3.9 (a) thi ky tyt OFDM thu dugc bi can nhiu boi ky ty OFDM truée
no, ¢ hinh 3.9 (b) thi ky twy OFDM thu dugc khong con bi anh hudong cua ky twy OFDM
trudc d6. Trong khoang thoi gian bao v¢, may thu bé qua tat ca cac tin hiéu, nhu vay co
nghia 1a khoang bao v¢ l1a khoang v6 ich, n6 khong mang dir li€u c6 ich. Lya chon
khoang bao vé lién quan dén thoi gian tré cia echo, déng thoi ciing lién quan mat thiét
dén s6 luong song mang. Trong thyc té khoang thoi gian bao vé duoc tao ra bang cach
1ap lai mdt ty 1€ cua dong bit tich cuc trong chu ky truéc do, khoang bao vé dugc chon
dua vao khoang thoi gian tich cuc cua symbol, co thé 1a 1/4, 1/8, 1/16, 1/32 thoi gian
symbol tich cuc. That ra y tudng cia phuong phdp nay cé tur gitta nhitng nam 1980.
Nhung do lIuc d6 con han ché vé mat cong nghé (kho tao ra cac bo diéu ché va giai diéu
ché da song mang gia thanh thip theo bién ddi nhanh Fourier (Inverse Fast Fourier
Transform — IFFT) nén cho téi nay dya trén nhiing thanh tyu cua cong nghé mach tich

hop, phwong phap nay méi duge dwa vao thuc tién.
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IX. Bién d6i D/A, A/D.
Chudi symbol roi rac s[n] sau khi duogc chén khoang bao vé AG, sé duoc dua vao

bo bién doi tir sb sang tuong tu D/A va b loc thong thép (low pass filter) tao ra tin hi¢u

lién tuc s(t) dé co thé dua ra kénh truyén vo tuyén.

S

Hinh 3.10: Bé chuyén doi D/A va A/D.
O phia thu, bd A/D 1am dong tac nguoc lai bd D/A, bd A/D s& 1ay mau tin hiéu
OFDM thu duogc s’(t), lugng tr va ma hoa cho ra tin hiéu s6 roi rac, sau d6 tin hiéu roi
rac nady s€ di qua bd Guard Interval Removal dé loai bo khoang bao v¢.

X.  Up converter va Down converter.

Cac bo Up-Converter va Down-Converter chinh 1a cic b doi tn sd cén bang
(Balance Modulator). Sau khi qua bd bién d6i D/A va loc thong thap, tin hiéu s(t) 1én tan
s6 cao tao thanh tin hiéu sgp(t) dé anten phat c6 thé dé dang birc xa tin hiéu ra khong gian.
O phia thu, tin hiéu rgg(t) thu dugc tir anten phat s& dugc doi tan xuéng thanh tin hi¢u r(t)

nho bo Down-Converter.
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Ll U
| Converter

R(f)
'.ll .'l,\“ '.l,l“ ‘\“
1 Vv
Down- PPy
Converter 0 o
-y
BBasebund

Hinh 3.11: By up-converter va down-converter.

XI. B9 cén bing.

x(t)
CHOI BIT THONG DIEU CHE DAI
TIN GUI PI . QUA . ANTENNA
x(n)

h(n) \ =
h(t 7)

TRUYEN PA
y PUONG
heq(n)
heq()
CHUOI BIT
THONG TIN BO CANBANG GIAIDIEU CHE
y(®)

Hinh 3.12: Y tuwéng vé bé cin bang.
Mong mudn ngo ra la dir liéu gri di x(t) nén:
y(€) = x(t) * h(t) * hoq () = x(¢)
& h(t) * hog () = 5(2)
= H(f).Heq(f) =1
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1
© Hey(f) = m

Tuy nhién, dap tng kénh truyén thay doi theo thoi gian

= B6 can bang 1a bo loc co dap tng 1a nghich ddo ctia kénh truyén va can c6 kha ning

thay d6i theo kénh truyén = Bo can bang thich nghi.

2.

XII. Uu va nhuoe diém cia k§ thuidt OFDM.
Uu diém.
- OFDM ting hiéu suit str dung bang cach cho phép chong lap nhitng song mang

con.
- Bang cach chia kénh thong tin ra thanh nhiéu kénh con fading phang bang hep,
cac hé théng OFDM chiu dung fading lya chon tan sb tot hon nhiing hé théng
song mang don.

- OFDM loai trir nhiéu symbol (ISI) va xuyén nhiéu giita cac song mang (ICI)
bang cach chén thém vao mot khoang thoi gian bao vé trude mdi symbol.

- Sir dung viéc chén kénh va ma kénh thich hop, hé théng OFDM cé thé khoi phuc
lai dugc cac symbol bi mét do hién tuong lya chon tan s cua cac kénh.

- K¥ thuat can bang kénh tré nén don gian hon k§y thuat can bang kénh thich g
duoc st dung trong nhirng hé théng don séng mang.

- Str dung k¥ thuat DFT dé bo sung vao cac chirc nang diéu ché va giai diéu ché
lam giam churc nang phirc tap cua OFDM.

- Céc phuong phap diéu ché vi sai (differental modulation) giup tranh yéu ciu vao
bd sung bo giam sat kénh.

- OFDM it bj 4nh hudng voi khoang thoi gian iy miu (sample timing offsets) hon
so véi hé théng don song mang.

- OFDM chiu dyng t6t nhiu xung vé6i va nhidu xuyén kénh két hop.

Nhuoc diém.

Ngoai nhitng wu diém trén thi OFDM ciing ¢ nhitng han ché.

- Symbol OFDM bi nhiéu bién d6 v6i mot khoang dong 16n. Vi tat ca cac hé thong

thong tin thyc t& déu bi giéi han cong suét, ty sé PARR cao 13 mot bat loi nghiém trong

ctia OFDM néu dung bd khuéch dai cong suit hoat dong & mién bdo hoa déu khuéch dai

tin hiéu OFDM. Néu tin hiéu OFDM ty s6 PARR 16n hon thi s& gdy nén nhiéu xuyén
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diéu ché. Diéu nay ciing s& ting do phurc tap ctia cac bd bién ddi tir analog sang digital va
tir digital sang analog. Viéc rut ngin (clipping) tin hiéu ciing s& 1am xuit hién ca méo
nhiéu (distortion) trong bang, 1an birc xa ngoai bang.

- OFDM nhay véi tan s offset va sy truot ciia song mang hon cac hé théng don
song mang. Van dé dong bo tan sb trong hé théng OFDM phirc tap hon hé théng don
song mang. Tan sb offset ciia song mang gdy nhidu cho cac séng mang con truc giao va
gdy nén nhiéu lién kénh lam giam hoat dong cua cac bd giai diéu ché mot cach trim
trong.

Vi vdy, dong bo tan sé 1 mot trong nhitng nhiém vu thiét yéu can phai dat trong

bo thu OFDM.

CHUONG IV: KET HQOP KY THUAT OFDM VOI HE THONG MIMO.

I. T(R)ng quan.

Céac hé thdéng thong tin khong day ludn duoc nghién ctru nham cai thién chét luong
dung luong ciing nhu kha ning chdng lai hién tuong da dudong. Poi véi cac hé thong
thong tin chat luong tin hiéu c6 thé cai thién bang cach ting cong suit, dung luong hé
thng c6 thé ting khi ting bang thong. Tuy nhién cong suét ciing chi c6 thé ting t&i mot
mirc gidi han nao d6 vi cong sudt phat cang tang thi hé théng cang gy nhiéu cho cic hé
thong thong tin xung quanh, bing thong cua hé théng ciing khong thé ting mai 1én vi viéc
phan bd bang thong da duoc dinh chuin sin.

Hé théng MIMO c¢6 thé ting dung luong kénh truyén, sit dung bing thong rat hiéu
qua nho ghép kénh khong gian (V-BLAST), cai thién chat lugng cua hé thong dang ké
nhd vao phén tip tai phia phat va phia thu (STBC, STTC) ma khong can ting cong sut
phat ciing nhu ting bang thong cia hé thong. K§ thuat OFDM la mot phuong thirc truyén
dan tdc do cao voi ciu triic don gian nhung cé thé chéng fading chon loc tan s, bang
cach chia ludng dir liéu téc do cao thanh N ludng dit liéu toc d6 thap truyén qua N kénh

truyén con st dung tap tan sb tryc giao. Kénh truyén chiu fading chon loc tin sd duoc
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chia thanh N kénh truyén con c6 bang théng nhé hon, khi N du 16n cac kénh truyén con
chju fading phang. OFDM con loai bo duoc hiéu tng ISI khi st dung khoang bao vé du
16m. Ngoai ra viéc st dung k¥ thudt OFDM con gidm d6 phtic tap cua by Equalizer dang
ké bang cach cho phép cin bang tin hiéu trong mién tan sd. Tir nhimg wu diém ndi bat
cia hé théng MIMO va ky thuat OFDM, viéc két hop hé théng MIMO va k¥ thuat
OFDM 1a mét giai phap htra hen cho hé thong thong tin khéng day biang rong twong lai.

i Ving bao pht
WAN
WiMobile
802.20
MAN
WiMAX
802.16
LAN
Zigbee
802.15.4
PAN Bluetooth A
802.15.1 802.15.3
- R(Mbps)
0.01 0.1 1 10 100 1000

Hinh 4.1: Cdc chudn théng tin khéng ddy ciia IEEE

Hinh 4.1 m6 ta cac chuan thong tin khong day cua IEEE tuwong tmg tdc do bit va ving
bao phu, trong d6 cac chuin mau sdm s& dugc tng dung hé théng MIMO-OFDM trong
tuong lai, diéu nay cho thay tdm Gng dung cta hé thdng MIMO-OFDM rit rong.

II. Hé théng MIMO OFDM.

CAu triic may thu va phat cia hé théng MIMO-OFDM bao gdm hé MIMO Ny anten
phat va Ny anten thu, k¥ thuat OFDM sur dung N song mang phu dugc mo ta nhu hinh
4.2 .Chi tiét timg khdi ctia hé thdng da duoc trinh bay trong chwong II va chuong I11.
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Hinh 4.2: So do khoi hé thong MIMO-OFDM

M., - - r

I d- X- x- x! Sﬂ' _(t) sm (0|
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Hinh 4.4: So d6 khoi b thu OFDM
Symbol thu dugc tir anten thu thir i, tai song mang phu thir k ctia symbol OFDM
c6 thé biéu dién nhu sau:
Yi(k) = A, (k) X, (k) + A, (k) X, (k) + A + Ay (K) Xy (k) +V, (k)
Y, (k) = Ay ()X, (k) + Ay (R) X, (K) + A + Ay (R) Xy (k) +V,(K)
M

Yy (k) =2y ()X (k) + Ay , ()X, (k) + A + Ay ()X (K)+V) (k)
k=123A,N
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Véi: X (k) la symbol phat trén song mang thir k trong symbol OFDM.
Vi(k) 1a nhidu Gauss tai anten thu thi i trong mién tan s, tirc 1a N-FFT cua nhiéu
trong mién thoi gian vi(t).

2; (k) la do loi kénh truyén tur anten phat thir j téi anten thu thir 1 tai song mang
phu thr n. 2, (k) chinh 1a N-FFT cua dap ung xung cta kénh truyén C; () tur anten phat
thir j toi anten thu thir i. Néu may thu c6 thé udc luong chinh xac trang thai kénh truyén
thi 4; (k) s€ dugc biét chinh x4c tmg véi mbi symbol OFDM.

Pé hiéu rd hon vé ban chét cta hé thong MIMO-OFDM, ta sé& thiét 1ap cong thirc
chi tiét & phan sau.
Kénh truyén hé théng MIMO-OFDM c6 thé mé ta thong qua ma tran H nhu sau
[, (k) A, (k) A A, (k) ]
Ay(k) — Ap(k)y A Ay, (k)
M M 0] M
a0 AR A Ay, ()]

Hinh 4.5 m6 ta rd hon ma tran H, k¥ thuat OFDM c6 tac dung chia kénh truyén chon loc

H(k) =

tan s6 thanh N kénh truyén con fading phiang. Hé théng MIMO-OFDM tuong dwong véi
hé théng MIMO

Matrankénh ——————— acccaaaa
truyén H
ATTAre A G 7m==rArr=4AV)
b I T
! M s
£
‘ ‘ 75 A}- %_E'CW)
1[N\ 1 (9 " H
+9 2 : !
— :
Ay () | A1) -
=
=
S (D) | 2,0
=
<
=
=

i Ana @) | Ay (D

B —
N, Anten phdt
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Hinh 4.5: Ma trdn kénh truyén.

Tiép theo ta s€ xét hé théng MIMO-OFDM Alamouti v6i muc dich dat do loi phan
tap tdi da nham tdi wu chat lugng hé théng va ta s€ xét hé théng MIMO-OFDM V-BIAST
v6i muc dich dat d6 loi 16n nhat nham ting t6i da dung lwong hé thong thong tin khong
day trong moi truong fading chon loc tan s6.

III. Gi6i thiéu mé hinh hé thong MIMO-OFDM Alamouti.

Hinh 4.6 1a so d6 hé théng MIMO-OFDM Alamouti v6i cac khbi co ban nhat. So d6
Alamouti dugc 4p dung nham dat duogc do loi phan tap 16n nhat trong moi trudng fading
chon loc tan s6 v6i cdu triic phan ctng kha don gian.

v I
BT AT B

X g N
—» Mapper T2
X, () . /_*\‘ /\‘ﬂ
1 x,0 -0 | F'xylerl | F'x, [C
5 o0 T R L
Hinh 4.6: May phat MIMO—-OFDM Alamouti
Til »n(@)

Y,

B 1
S Iyl LT
ii Dat
/ S/P * %A B6 kéthgp —> Demapper —ai
CP
Tx2

removal |
y, (1) oy
¥, (2) B4 u6c lugng

3 L
Hinh 4.7: May thu MIMO-OFDM Alamouti.

Tai phia phat di liéu sau khi duoc bd mapper diéu ché s& dugc dua qua bién doi
nbi tiép sang song song va dua vao 2 vector N symbol X; va X,.
Ta ki hi€u F'lama tran bién d6i IFFT va F 13 ma tran bién ddi FFT
Fi=lp
N
Trong chu ky symbol k X; s& duoc cho qua bd bién ddi IFFT tao ra khéi N

symbol.
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s; =F'X,

Sau khi s; dugc chen khoang bao vé CP, vector dir li¢u s€ dugc dua ra anten phat
thir nhat. Ciing trong chu ky symbol thir k, X, s& dugc cho qua b IFFT tao ra khéi N
symbol.

s, =F'X,

Sau khi s, dugc chén khoang bao vé CP, vector dir li¢u sé dugc dua vao anten phat
thtr hai.

Trong chu ky symbol thtr k+1, X, s& duoc cho qua bd déo va ly lién hiép phirc
khi cho qua IFFT dé tao ra khdi N symbol.

s, =F'X/

Véiky hiéu X, cho lién hgp cua X

Sau khi s » dugc chén khoang bao vé CP, vector dir li€u sé dugc dua ra anten thu
hai. Ciing trong chu ky symbol tht k+1, X, s& duoc cho qua bd dao va 1ay lién hiép phurc
trude khi cho qua IFFT dé tao ra khéi N symol.

s, =—F7'X]

Sau khi s'; dugc chén khoang bao vé CP, vector dit li¢u s€ dugc dua ra anten thir
nhat. Qua trinh phat s& l4p lai qua trinh trinh bay trong chu ky symbol k va k+1.

Tai phia thu, vector thu sau khi dugc loai bo khoang bao vé c6 dang sau:

v, =Hs+H,s,+v,=H F' X, + H,F'X, +v,
v =Hs +H,s, +v,=—H F"'X, + H,F "' X, +v,

Véi H, 1a ma tran vong ctia kénh truyén tir anten phat thir nhat t6i anten thu va H,
12 ma trdn vong ctia kénh truyén tir anten phat thir hai toi anten thu.
Sau khi qua bd FFT vector thu s& ¢6 biéu thuc sau:

Y=AX +AX,+V,
Y, =-AX, + A, X, +V,
Vo6i Y, =Fy,, Y, =Fy,, X; =Fx;, X, = Fx,, 1a cac FFT tuong Ung cua y,, y», X,

X, A, V@ A, la cdc ma tran dugce tinh theo biéu thirc sau:
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A, =FHF"
A, =FH,F™
Do tinh chat ctia phép bién ddi FFT va IFFT d6i v6i ma tran vong H; va H, Aps VA
A, la cac ma tran dudng chéo.

A, = diag(3,)
A, =diag(4,)

Céc gia tri A (k) voi k=1, 2...N chinh 1a N-FFT cua dap ung kénh truyén tir anten
phat thtr 1 t61 anten thu, tuong tu cac gia tri 4, (k) vé1 k = 1, 2...N chinh l1a N-FFT cua
dap tmg kénh truyén tir anten tht 2 toi anten thu.

Sau d6 Y, va Y, s€ dugc dua qua bd udc luong A, , va A,. Kénh truyén s€ duoc

udc luong thong qua chudi huin luyén biét trudc, ta co thé viét lai vector thu Y, va Y,

Yl}: % 7(2:|ﬂ-1}+ Vl}
4 4 4 )

2Nx1 INX2N 2Nx1 2Nx1

theo dang sau:

Véi A1 va 42 1a cac ma tran duong chéo, c6 duong chéo 1a X, va X,

X, =diag(X,)
X, =diag(X,)

Vector hudn luyén da dugc quy wéc trude tai may thu va co tinh chét sau:
© A
x> X —X: X
Ar» VA A, duoc ude lugng theo biéu thic sau:
A
L . « Ll v, o« 2 YRS
A, V4 VA4 ¥,
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Ta udc luong dugc A, va A, theo biéu thirc sau:

7\1 = diag (/T‘l)
A, = diag(2,)
Sau khi uéc lugng dugc A, va A, ,céc vector Y, va Y, theo sau chudi vector huin

luyén s& duoc dua vao bo két hop dé khoi phuc lai X; va X, . Viét lai biéu thuc trén ta

duoc biéu thire thu nhu sau:

Y ] [ X X, () Tam 1 o ]
M (0] (0] M M
Y,N) X, (N) X,(N) | A,(N) | | V(N)
LA || -X0) X/ (D RORBEA
M O O M M
AN} ~X;(N) X[ (N) A (N)] [V
Sa“ip xép lai thir tu vector thu ta dugc biéu thirc:
Yo ] [ X0 X, Tam 7 o ]
Lo | | -0 X0 LM | |V
M @) M M
M O M M
Y, (N) X,(N) X,(N) [ A(N) | |V(N)
LN | ~X;(N) X, (N)|[AH(N)] [V2(N)]

Biéu thirc trén cho thay k¥ thuat OFDM da chia kénh truyén fading chon loc tan s
thanh N kénh truyén nho chi chiu fading phang, tic 1a hé thong MIMO-OFDM c6 kha
nang chéng lai fading chon loc tan sb va dat duoc su phan tap 16n nhat nho vao so dd
Alamouti. Tiép theo bd két hop s& két hop symbol Y, (k) va Y,(k) rdi dua vao bd giai ma
ML.
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