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| Band ( . Unconfirmed
Possibly 2.4 and 5 GHz bands

' Chann els;‘. 3
Data Rates Upto11 Mbps UploS54 Mbps Speculated to be 248 Mbps for two
MIMO streams

Range ~150 feet or 35 meters ~230 feet or 70 meters

| Release June 2003 Expected in 2008
Dats :
Pros : , Fast, good range, not easily Very good data rates, improved range
i obstructed

Cons i : . Prone lo interference from
appliances operating on 2.4 GHz
band




CAC HE THONG THONG TIN KHONG DAY

H¢é théng truyén thing H¢ théng anten théng minh HE théng MIMO

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

P SIMO ¥
f ? ' Single Input Multiple Output : ? - ?

SISO

Single Input Single OQutput P

: P | & Y ~ ?

: P iONTX —— 1RX |G

: £ § P MIMO

: : ! i Multiple Input Multiple Output

MISO




CAC HE THONG THONG TIN KHONG DAY

Hé thong SISO
Chi str dung 1 anten phat va 1 anten thu.
T hu:o*ng dugc st dung trong phat thanh va
truyen hinh, cac HT truyen dan vo tuyen ca nhan
nhu wifi, bluetooth.
Dung lugng HT phu thudc vao ty so SNR theo
cong thirc Shannon

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



CAC HE THONG THONG TIN KHONG DAY

Hé thong SIMO

 Su dung 1 anten phat va nhiéu anten thu -> cai thién
chat luong HT.

« May thu c6 thé lra chon hoidc két hop tin hiéu nham
toi da ty sO SNR biang cach st dung giai thuat
beamforming hoac MMRC(Maximal Ratio Receive
Combining).

 Khi may thu biét théng tin vé kénh truyén, thi dung
luong ctia HT sé& ting theo ham logarit ctia sO anten
thu.

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

© sivio



CAC HE THONG THONG TIN KHONG DAY

Hé thong MISO

» Sir dung nhiéu anten phat va 1 anten thu.

* Phan tap phat sit dung ma Alamouti -> cai thién chat
lwong tin hicu.

« Sir dung beamforming -> ting hiéu suat phat va ving
phu.

« Khi may phat biét thong tin vé kénh truyén, thi dung
luong cta HT sé ting theo ham logarit cua sO anten
phat.

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

© Viiso



CAC HE THONG THONG TIN KHONG DAY

Hé thong MIMO

« St dung nhiéu anten phat va nhiéu anten thu.

 Phan tip phat /thu nho nhiéu anten tai dau phat/thu -> ting chat
luong HT

* S dung beamforming tai phia phat va phia thu -> ting hiéu suét st
dung cong suat va triét can nhiéu.

* Dung luong cua HT c6 thé dwoc cai thién nho vao d6 loi gheép kénh
bang cach st dung ma khong gian thoi gian (V_BLAST)

« Khi kénh truyén duogc biét tai ca phia phat va phia thu, HT c6 thé
cung cép do phan tap cuc dai va do loi ghép kénh cuc dai.

* Dung luong cua HT trong truong hop dat duge phan tap cuc dai la:

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

* Dung lugng cua HT trong truong hop dat do lo1 ghép kénh cuc dai

la:  C=min (N,Ng).B.log,(1+SNR) bit/s/Hz




CAC HE THONG THONG TIN KHONG DAY

[ MIMO Single User Concept ]

multiple multiple propagation multiple multiple
TX antennas inputs channel outputs RX antennas

y = Hx + v

s I NN

vector matrix transmit noise
channel vector vector

° MIMO
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KY THUAT PHAN TAP

Khai ni€ém

 Phan tap: La k¥ thuat giap cho phia thu
(MS,BTS) ca1 thién chat leong tin hi€u thu b1
suy giam do fading nho viéc két hop tin hiéu
thu da dwong dén tir cing mot nguon phat.

* Phan t3p dugc thuc hién tai ca MS hoac BTS
tuy cong nghe.

© VIMO



KY THUAT PHAN TAP

Phan loai
* Theo cach thirc trién khai:
Phan tap phat
Phan tap thu
* Theo ky thuat phan tap:
Phan tap khong gian (Space Diversity)
Phan tap tan so (Frequency Diversity)
Phan tap thoi gian (Time Diversity)
Phan tap phan cuc (Polarization Diversity)

© VIO




KY THUAT PHAN TAP

Phan tap khong gian

Tin hiéu duoc truyén trén nhiéu duwong khac nhau

+ Trong mang hitu tuyén: tin hiéu dugc truyén trén
nhiéu line khac nhau.

« Trong mang vo tuyén: Thudng st dung phan tip
anten (phan tap phat/thu) 1a phan tap trén nhiéu anten
phat/thu (VD: MIMO).

Phdn tdp gan: Khi cac anten dit gan nhau khodng
vai budc song
Phan tdp xa: Khi cac anten dat cach xa nhau

® VIMO



KY THUAT PHAN TAP

Phén tap tan so

Tin hi€u duoc truyén trén nhiéu tan sé khdac nhau
hoic trén mot dai pho tan rong -> bi tac dong boi
fading lya chon tan so.

® VIMO



KY THUAT PHAN TAP

Phan tap thoi gian

» Néu truyén cung 1 tin hiéu ngoai khoang coherent
time thi ta c6 thé tao ra 2 tin hiéu doc lap -> Do loi
tang

« Nhuoc diém: Tai phia thu phai mat mot khoang
thoi gian dé xur 1y tin hiéu-> Khong thich hop véi
cac ung dung tho1 gian thuec.

® Vivio



KY THUAT PHAN TAP

Phan tap cuc

Phat tin hi€u trén cac nhanh c6 tinh phan cuc khac
nhau (tin hiéu dugc chia déu cho cac nhanh) -> chat
lwong thu giam

® VIMO



PO LOI TRONG HE THONG MIMO

D0 191 Beamforming
Y \&
x| Y 5= EY
Y &

» Khoang céach giita cac anten trong hé thong
MIMO thuong nho hon budc song .

* Beamforming thuong duoc thuc hién trong mo1
treong it tan xa.

® Vivio




PO LOI TRONG HE THONG MIMO

D0 lgi ghép kénh khong gian

TX

1
|
'
\
\
\
\
N
\
\
\
\
\
|
1
l z
h
1
|
|

e Tan dung cac kénh truyén song song c6 duoc tir da anten tai phia
phét va phia thu trong hé thong MIMO.

* (C4c tin hiéu s€ dugc phat doc 1ap va déng thoi ra cac anten nham
taing dung luong kénh truyén ma khong can ting cong suat phat hay
ting bang thong hé thong.

® VIMO




PO LOI TRONG HE THONG MIMO

Do lgi phan tap
Y -

Y Y

* Cung cap cho cac bd thu cac ban sao tin hiéu giong nhau qua cac
kénh truyén Fading khac nhau.

* Bo thu c6 thé lwra chon hay két hop hay két hop cac ban sao tin
hiéu nay dé giam thiéu tdc do sai bit BER, chong Fading qua d6
ting d6 tin cdy cua hé thong.

® VIMO




MA HOA KHONG GIAN VA THOI GIAN

* La phuong phap ma hoa cho phan tap phat, dat dugc d6 lo1 phan tap
va ca do lo1 ma hoa.

*  Puoc cho lam 2 loai: M3 hoa khoi khong gian thoi gian(STBC) va ma
hoa luét khong gian — thot gian(STTCO).

J x| [ —

l\'guc"in C | Bomo hoo Xi Sp ‘
thung tin KG-TG lli’:lg —>
u




MA HOA KHONG GIAN VA THOI GIAN

STBC: Dé thiét ké, g1al ma don gian, nhung chi cho dd 1g1 phan tap
khong cho do 1g1 ma hoa.
STTC: Phtrc tap, cho ca do lo1 vé ma hoa va do 11 phan tap

. I
/’7-'/’: Channel —>
_e* § 412 » Estimntion h- ."

h, h,,

S "
: 2 . »
’ C'ombiner | § : NMLDY S )
\: ‘) . _.".
S8, ' T ; ' . .A

]
- !I:
Channel I ¥
| Estimation s
>




UU - NHUOQC PIEM CUA HE THONG MIMO

U diém:

* C6 hiéu suat sir dung pho tan cao dap tmg dugc nhu cau
ve dung luong

 Khac phuc dugc nhugc diém cua truyén da duong dé
tang dung luong va chat luong truyén dan.

» Trong cac hé thong MIMO, phadinh ngau nhién va trai
tré ¢ thé duge sur dung deé ting thong luong.

* Cac hé thong MIMO cho phép ting dung luong ma
khong can tang bang thong va cong suat.

® Vivio



UU - NHUOQC PIEM CUA HE THONG MIMO

Nhu’O’C diém:

HT MIMO chira nhiéu anten dan dén: ting do phuc tap, thé tich, gia
thanh phan ctng so véi SISO.

* Vi diéu kién kénh phy thudc vao moi trudng vo tuyén nén khong phai
bao gio hé thong MIMO ciing c¢6 10i.

Khi ton tai duong truyén thang (LOS), cuong do truong LOS cao hon
tal may thu s& dan dén hiéu nang ciing nhu dung lwgng cua hé thong
SISO tot hon, trong khi d6 dung lugng cua hé thong MIMO lai glam
Ly do vi cac dong gop manh ctia LOS dan den tuong quan gitra cac
anten manh hon va diéu nay lam giam wu diém s dung hé thong

MIMO.

® Vivo
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MO HINH TONG QUAT

NOI

TIEP/ PIEU

SONG ? CHE

SONG

\
SONG .
GIAI .

SONG/ . CAN
Nor }éI}}IEE <71 BANG
TIEP

SONG

NOI
TIEP

SONG/ 5

KHOANG
BAO VE

THO1 GIAN V

A

NOI

TIEP/
SONG
SONG

<€

TACH
KHOANG
BAO VE




MA HOA KENH

e Laky thuat thém cac biét du thira gitip cho dau thu
c6 kha niang phat hién 1061 hodc sua 10i.
« Duya trén 2 co ché:
BEC(Backward Error Correction ): Phat hién
sai yéu cau truyén lai, khong c6 kha nang sira 16i.
FEC(Forward Error Correction): Phat hién 16i
va ¢ kha ning sua 10i.

® oFoM



KY THUAT PHAN TAN DU LIEU

Gom Block Interleaver va Convolutional Interleaver.

A B C D E F G

Original
coded | Ai|Ax|As|Aqf AstAelA7| Bi| By| By Bl Byl Be| By Cs| Co| ) Caf | Co|Co| Dt Doy DA DA Ds\Del Dy | ) | Ex el El iy 'y | Fo) Ff Fa Fs| Fo Fof G| Gl Gl Gl G| GG
words

(a)

=— Error burst —

XXXXXXX

Interleaved ¢,

s Dy| |16 | 9] Bo| Cal Dol Eo| P |Gl Ag| Bo| Cal Dl Eal PGl Adl Bol CAD A\ Eo| Fa| Gl Ac | B| s\ Del Es| Fi |G| Ag| Bel Cel Dl Fis Gl 45| By | ol Dol P

1 2 3 4 5 6 7
(b)

Figure 8.10 Interleaving example. (a) Original uninterleaved codewords, each
comprised of seven code symbols. {(b) Interleaved code symbols.

OFDM




KY THUAT PHAN TAN DU LIEU

 Block Interleaver:

Khoang delay nhd nhat giita interleaver va deinterleaver (khong tinh d6 tré
khi truy€n qua kénh truyén) la (2MN — 2M + 2) thot gian truyén 1 symbol,
vo1 M 1a s6 dong, N 1a s6 cot trong ma tran do bd interleaver tao ra.

Vi du:

N = 6 colums

1 5 9 13 17 21

> & 10 14 18 2 | Khoangdelay la:
M = 4 rows 2MN — 2M + 2 = 2x4x6 -
3 7 11 1 19 23 Ix4 +2 =4) (TS)

4 8 12 16 20 24

® oFD




KY THUAT PHAN TAN DU LIEU

 Convolutional Interleaver:

Interleaver Deinterleaver
From To
encoder Commutator decoder
switches
1 X 5 0O 0 5 o0— 5 1 —0 X
0 X 70—7 3F—0X o—— —oX
0 0 X 8 0—{8 4 —0 X o) 0 X
1 2
9 0= 09 0—9 5 10X 130 013 0—13 9 501
10 0—10 06 0——6 20X 14 0—14——010 o——10 6 0 2
MNo—1"7——03 O——3 0 X 15 0—15 1MN—0 7 0 703
120—1284'—0X 0 0 X 160—16 12 8}—0 4 0 0 4
3 4

Xet truong hop: 1 thanh ghi luu duge 1 symbol.

. OFDM



NOI TIEP <> SONG SONG

Do chuoi thong tin sau khi dugc interleaving sé co bing
thong rat I6n => chuyén serial sang parallel dé c6 dugc
bang thong con < coherence bandwidth => khong b1

fading chon loc tan so.

T

-

D liéu ITITI

noi tiép "o

I 2 L 2x

= 135 > -
D li¢u Parallel 7] .
' ‘ Z = 12 A
sOng song ; To Serial ‘—[ 1 » DU li¢u

Converter T -

»~

T_=NT,

N -~ 5
J—L—»

Serialto |

Parallel

Converter

Tp = NI

1

L,

: le D licu

song song

N [,

-

o
-

A




PIEU CHE SONG MANG CON (MAPPING)

Mobi symbol dugc bicu dién bai 2 truc: I (thuc) va Q (a0).

64-QAM Q, bob1bsb; bybs
000 100 001100 011100 010100 (110 100 111 100 101 100 100 100
- - L ] L ] ‘-'T- . . . .
000 101 001101 011101 010 101 110 101 111 101 101 101 100 101
- L L ] - 63 L ] L ] L ] L ]
000 111 001 111 011 111 010 111 110 111 111 111 101 111 100 111
. . . . 3 . . . .
000 110 001110 ©O11110 010110 |110110 111 110 101 110 100 110
. - . . & . . . ™
= =5 3 = -1 = +3 =7 "‘I
000010 001010 011010 010010 (110010 111010 101010 100010
L ] L ] L ] L ] -1‘— L ] L ] - -
Q00011 001011 011011 010011 110011 111011 101011 100011
- - L] L ] _3 L] L ] L] -
000001 001001 011001 010001 |110001 111 001 101 001 100 001
. . . . iy . . . .
000000 001000 OIL000 ©0l0000 |[110000 111000 101000 100 000
L ] L ] L J L J _7-- . . L -

OFDM




PIEU CHE SONG MANG CON (MAPPING)

L o
2 o —
2 s 2 I
= ® Q o L 18
VT H— 0O ——* — N~ e ¥
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IFFT VA FFT

IFFT: Chuyén tir mién tan s sang mién thoi gian.
FFT: Chuyén doi tir mién thoi gian sang mién tan so.
Chudi tin hiéu Vao X(k) 0 <k <N-I

Khoang cach tan so giita cac song mang la: Af

Chu ky cua mot ky tw OFDM la: Ts

Tan s6 trén song mang thu k 1a f, = f, + kAf

Tin hiéu phat di c6 thé biéu dién dudi dang:

N-1

x(t) = 1 X (k)e/2 T festan
IZ_;', | 0<z<T,

. N-1 .
e.}-n fon X(k)e.l—-n-t-\ﬂ’

= t=0

® oFoM



KHOANG BAO VE

Puogc chén giira cac symbols OFDM lién tiép.
Giup chdng lai can nhiéu ISI.
Khoang bao vé phai 1én hon do dai trai tré 16n nhat.
* (Giam hiéu qua bang thong
Mot phan tin hiéu duoc copy va chén vao phan dau.
* Van giit dugc tinh truc giao.
« Mot mau OFDM c6 chiéu dai 1a T,. Chudi bao vé c6
chiéu dai 1a T,
* Sau khi chén chudi bao vé thi chu ky cua tin hiéu bay
giolaT, +Tg.

® oFDM



BIEN POI D/A, A/D

- e -




BO CAN BANG

x(1)
CHOI BIT THONG PIEU CHE DAI
. .
x(n) |
v -
h(n) \
h(t, T)

N

heq (n) \
heq(t)

y(n)

CHUOI BIT TR =
THONGTIN I W BO cANBANG [ [l 1T DIEU CHE SFFR - ANTENNA
NHAN DUQC Q

y(t)

® oFoM




BO CAN BANG

Mong muon ngo ra la dit liéu gii di x(t) nén:
y(t) = x(t) = h(t) * heq (t) = x(t)
& h(t) * heg(t) = 6(t)
= H(f)-Heq(f) =1

1
S Ho(f) = "

Tuy nhién, dap tng kénh truyén thay doi theo thoi gian
=> B can bang 1a bd loc c¢6 dap tng 1a nghich dio cua
kénh truyén va can c6 kha ning thay d6i theo kénh truyén
= B§ can bang thich nghi.

® oFDM



U'U, NHUQC PIEM CUA KY THUAT OFDM

Uu diém

« OFDM ting hiéu suét str dung bang cach cho phép chong lap
nhirng sOng mang con.

« Bang cach chia kénh thong tin ra thanh nhiéu kénh con fading
phang bang hep, cac hé thong OFDM chiu dung fading lya chon
tan so tot hon nhitng hé thong séng 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 moi symbol.

« Sir dung viéc chén kénh va ma kénh thich hop, hé thong OFDM
6 thé khoi phuc lai dugc cac symbol b1 mat do hién tuong lua
chon tan so cua cac kénh.

Q OFDM



U'U, NHUQC PIEM CUA KY THUAT OFDM

Uu diém:

o K3 thuat cAn bang kénh trd nén don gian hon k¥ thuat can bang
kénh thich tmg dugc st dung trong nhitng hé thong don song
mang.

« Sir dung k¥ thuat DFT dé bo sung vao cac chirc ning diéu ché va
giai diéu ché lam giam chirc ning phtrc tap cia OFDM.

« Céac phuong phap diéu ché vi sai (differental modulation) gitp
tranh yéu cau vao bd sung bd giam sat kénh.

« OFDM it bi anh huong vdi khoang thoi gian lay mau (sample
timing offsets) hon so v&i hé thong don séng mang.

« OFDM chiu dyng t6t nhiéu xung véi va nhiéu xuyén kénh két
hop.

e OFDM



U'U, NHUQC PIEM CUA KY THUAT OFDM

Nhuoc diém:

- Symbol OFDM bi nhiéu bién d6 véi mdt khoang dong 16m.
Vi tat ca cac hé thong thong tin thuc té déu bi giéi han cong
Suat, ty s6 PARR cao 13 mét bat loi nghi€m trong cua OFDM
néu dung bo khuéch dai cong suat hoat dong o mién bdo hoa
déu khuéch dai tin hiéu OFDM. Néu tin hiéu OFDM ty s6
PARR 16n hon thi s& gy nén nhiéu xuyén diéu ché. Piéu nay
cling sé& ting do phuc tap cta cac bd bién doi tir analog sang
digital va tir digital sang analog. Viéc rut ngan (clipping) tin
hiéu ciing s& lam xuat hién ca méo nhiéu (distortion) trong
bang, 1an birc xa ngoai bing.

© =y



U'U, NHUQC PIEM CUA KY THUAT OFDM

Nhuoc diém:

OFDM nhay véi tan so6 offset va sy trugt cia song mang hon
cac hé thong don song mang. Van dé dong bo tan so trong hé
thong OFDM phtic tap hon hé thong don séng mang. Tan s6
offset cia song mang gay nhiéu cho cic séong mang con truc
giao va gay nén nhiéu lién kénh 1am gidm hoat dong cua cac
b0 giai diéu ché mét cach tram trong.

Vi vay, dong bo tan s6 1a mot trong nhitng nhiém vu thiét yéu
can phai dat trong bo thu OFDM.

e OFDM



MO HINH MIMO-OFDM

#1 #1 /
+Gl j TL Gl
/ Output

IFFT FFT >
Input / _ *data
data #N1x #Nrx . >

Receive

—p-]  MUX T T DEMUX

+Gl Gl Weight

Y

Ny

\...

Y

IFFT

™

FFT

Y

TX MIMO-OFDM SDM Systems RX

Y

/ #1 #1
Gl j 1 Gl
* / Output
FFT

IFFT
Input data
data #2 #Nrx
—p  MUX ST Encoder T T DEMUX
+Gl

Gl

Y
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Y

» IFFT

FFT

\4

X RX

MIMO-OFDM STBC Systems

e MIMO-OFDM
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