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Decision Feedback ISI Mitigation and Channel Tracking

in MIMO-OFDM System

Student : Hsien_Tse Hsien Advisor : Dr. Wen-Rong Wu

Department of Communication Engineering
National Chiao-Tung University
Hsin-Chu, Taiwan 30050

Abstract

In OFDM systems, wheh the channel response is longer than cyclic
prefix (CP), intersymbol interference (ISI) will occur. The ISI can
seriously degrade the performance of OFDM: systems. In this thesis, we
combine the decision feedback and cyclic reconstruction techniques to
remedy this problem. The proposed method cancels ISI and reconstructs
the circular structure of the OFDM symbol iteratively. To cope with
time-variant wireless channels, we also propose an efficient time-domain
channel-tracking scheme. The proposed scheme allows the use of FFT
such that its computational complexity is low. Finally, we extend the
proposed methods to multi-input multi-output (MIMO) OFDM systems.
Simulations show that the proposed methods can greatly enhance the

performance of OFDM systems in the presence of ISI.
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bits per
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36 16-QAM 3/4 4 192 144
48 64-QAM 2/3 6 288 192
54 64-QAM 3/4 6 288 216

# 2-11EEE 802.11a @ﬁ%]ii Foengp B S

ABiES NE - B BN @@lgkggﬁqﬁrg,ﬁ - Bt £4 FBEA
(Symbol) P f&rie s o & A A FHGE - @ 8 gL > P T e b Ul b
Hd 64 Bhenk ETE 2 E D 64 BRendEgT Bi(2-5) 0 I A 64 BRAEETR EE

Bt B EFRERAES o b 64 BAPRY 0 ERT 2 BIPRAGET



o Bt = s 11 B=o U175 = 4 (Guard Band) @ e de st

AR T (] 2-6) °

Null — | 0 0o [
#l — 1 1 | R
HD)  — 2 2
#26 — 20 rr 20—
— 127 27 ——
EE” . Time Domain Outputs
Null —— 37 37 +—
#-26 —— 38 38—
#-2 — 62 62 ——
#1 —— 63 63 ——
B 2-5IEET é’f‘!ﬁsaj » B3 37%] a
do dy Pyyds dj7P7 dig dp3DC dyy  dyg Py dyg dyp Prydys  dyy
i i i i
I | | l
- - e I - - e [ - - . - - - | - - e | - - .
I | | |
I | | |
I | I |
-26 =21 =7 0 7 21 26
Subcarrier Numbers
Bl 2-6 fiApE Y Uk adphl =8
BAEE Y > X I w B H T8 Ag 4 5U(Pilot Signal) 0 * TFI iE cnimR
B S B chimt e 3R AT o AR BLAd B AP e e

P .= 10,0,0,0,0,1,0,0,0,0,0,0,0,0,0,0,0,0,0,1,0,0,0,0,0,0,0,
0,0,0,0,0,0,1,0,0,0,0,0,0,0,0,0,0,0,0,0, 1,0,0,0,0,0,0} -

AL BLaE D B P TR B e

10



2.5 802.11a/g 2z % % 957 & 5(Preamle)

FERRGRAR T > R @R L ERERFLE PR 0 4

Tl e

PR - BT g e A IEEE802.11a R E Y o RET D Z AR
(Short Training Sequence) 2. faH: L 5. (2)% 2" 3/ 7] (Long Training Sequence)

=)
£ R e & 057k 2 5L(Cyclic Prefix)“f . & th= £ % B (B 2-7):(1) ‘&3 85 7]

-
-

(Touaro = Ter)% B AEL (3) FF i+ ~(Data OFDM Symbol) (Tgyapp = Te )2 78

T=TgtTepr
E TGuarD .
' _T(” : lqll[ )
e E————
" Yo
A L
- e
Trg Trg
T =Tt 2Trrr
: TGuarD
, =Tgrr TeEr Ter
Gizy FFT FFT
—V T T
|
A 1
T'rp

B 2-70FDM # ~ e H®

11



@ IEEE 802.11a Lt 3 ¥ PFidAp M ch S dicdo & 2-2 #7571 o

Parameter Value
N,: Number of data subcarriers 48
N..: Number of pilot subcarriers 4
N, Number of subcarriers, total 52 (Ng, +N,)
Ar : Subcarrier frequency spacing 0.3125 MHz( =20 MHz/64)
T.r o IFFT/FFT period 3.2 usec(1/A,)
Toreana e - PLCP preamble duration 16 usec (To0nr +Tione)
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T.,, . Training symbol G| duration 1.6 usec (T, /12)
Tsy,, + Symbol interval 4 usec (T, + T, )
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T, ons - Long training sequence duration 8 usec (T, +2xT.)
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f802.11a 2 dte #2358 5 A AR @ﬁ%]?#ii’ MRl 2-8 P T - R U

i PLCP Header [
() L
RATE | Reserved| LENGTH| Parity | Tail | SERVICE Tail |p, ‘e
4bits | 1bit | 12bits | Ibit | 6bits| 16 bits PSDU 6 bits | 24 Bits
- - Coded/OFDM Coded/OFDM
~ ., (BPSK,r=172) | (RATE is indicated in SIGNAL) |
- > >
PLCP Preamble SIGNAL DATA
12 Symbols One OFDM Symbol Variable Number of OFDM Symbols

# 2-8 PPDU #h iz

12



- BRESPPDU BiziiEe 7 = A=

1. PLCP Preamble
2.SIGNAL

3. DATA

# ¢ PLCP Preamble #1248 d + @@ it ~fos B £ 2T v s o
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0,0,0,0,0,0,0,0,1+5,0,0,0,-1-3,0,0,0,1+3,0,0,0,-1-,0,0,0-1-,0,0,0,1+5,0,0,0}
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HAIEF Eie 4R Bt m R RO ETES o

={L,1,1,1,1,1, 1,1, 1,1,1,1,1,1,1, 1, 1,1,1, 1,1, 1,1,1,1,1,0
1, 1,1,1,1, 1,1, 1,1, 1, lydeadedgd 1, 1, 1,1, 1,1, 1,1,1,1,1}

26 26

EDVRAEFF T A el R B reiteE R REFE R R

§NTERRT,, £ 1.6 usec T LIIR] £ ol f ut BB

2.6 MIMO OFDM x 3§ /i

MIMO ¥ - f8E & 1ehX RPe > Ui e B4 e T A gR B

Wk ehE B B

# (frequency selective fading)fr# s F Fihem 2R TR P HFF ARG # Y @?]

SIS S A A

MIMO % i o3 Sfepfriifesd > A W % 5 B B3 X e e X R
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V0 B-R j\#ﬁ,?}”ﬁ Ten i E R K}@ﬁ%%\'ﬂ FIFE /@ P oo B iiamd 3 kAL
74 ﬁﬁj ~H %?J d1 SISO ( Single-Input Single-Output ) % st > L3038 b B ez
A N ﬁi,?l N ﬁi,?l 41 MISO (Multiple-Input Single-Output ) = 7% ~ H ﬁi,?l % ﬁiﬂ

SIMO ( Single-Input Multiple-Output) = ;%= &_MIMO #- 384 -

MIMO & 56t St o foadiofn 2 M (A7 T 8) frd @i > 1@%}
AP 3 Yk P Wk (Space-Time Coded Modulation ) 35 = N, i 7 3t +
oo BN B Fond N BRAFHNI - EFTFEE D N BRI R 7

% L@ 2-10 ~ B 2-11 -

5 R STt L ok 3 %45 (Space Time Code) a2 » it 53 4 B ig b F
HF IR AR AT fRAE 0 D R R B gD o e N B R P I 0 L
BGELE Y - AR 0 Fla 3 R S ARG e s A R X AT 0 v g

= o B MIMO & 5% gl § (T 7 a0z @3 i3 > MIMO #- 7 & B2 5 & S s

g s B G - BEFWERERLOEST R G U F oA F oo
LR 210~ 2-1 7 o - @@ 01 S FRSE T B AR ES LN L

AL B A EIN, B B R A TS N B i~ (B

X' =[X'(0), -, X (N, =DJT » %77 5 - 1233 2 809 & B = O enF A

l*‘”.t

SRR G HR A IR R Y R  HB R TAR T
Joeh— B iE N BEGE F agid = Q{-ﬁi%ﬁ'(IDFT)%JH ST P ERE B RR

7 e B gk B (Cyclic Prefix) i® 5 3% % ¥ (Guard Interval) » = = 7 iz it &

I A A5 = 1 N 2y L s % 7 vaz
Tz {8 FAx~x'fd Ntlﬁ%fsﬁlﬂ,—»—rﬁzjﬂi °
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A0

S T x
/ #r Enceds ok rlesy npr Hied H%::{" . IFI-I:I::: . IDFT | ﬁ]g] o= 'I]'.x
: -1
- i =
E:I'lﬂl}" - - w w ® * -
g * &1 - - - - . . .
Data " " - - M M -

- - =L ('3')| .
i . AT . In sert . ADD
Enceds icer bos ving o] HQW ve | i | mET ~ -

\— ot I

&d

B 2-10 MIMO-OFDM % %v2_ %3

B 2-11 MIMO i i

He h A 4d S kBPBEIRINS I BRI AF O E 0 BRS FRELE

FERES PH IR SAR gy, ¥ AT 5 (KT RARR)(2-3)

N
Yi = Zxk *h,,
k=1

(2-7)
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s

H ¥ x % & %4 (convolution) © » %&{;& »H IR SR HEL L L AR

v

ArigiFenfd A B 0 B el i BOESE e o 4ok SISO OFDM ik 3i- 2> 5 7 4
BRI MU I B R @I TR B hs B B
(Packet) » 40 + — 2 3 B JEIR 2 5L 0 B B IR B BLaRR N 0 A PR T H3%

FORERECEZ M R BE DR R AR g4~ FE R = (pilot symbol)E

Bfc R MR A 2R

B s BRCRICE B RS R P 2 2 (5 AR R R T

—

Fooa e MBANEF IE 2 EREE > ACEN BRATEED PO
#liEnp A X ~XMfzw k(B 2-12) )4 STBC ~ D-BLAST ~ V-BLAST % -
mH YRR g8 iE L V-BLAST(Vertical Bell Laboratories layered

space-time)[7] » #3tTF & A4 & o

* ¥
IOFT la Foarn o BX
L e [™ = 1
Deegzction and
Decod ng Elock
Einary . aill]
Outpur _g o e . L] * [LL *
Thits LIOLIO dm-cl:_ml "I‘orﬁc . EL ART . . fraquancr *
subc_-'urrlerx,-. ) * L] + smehroni *
phased rit correction, “zatin
demapp ng,
denterleaving and deced ing.
X Fomtnove ¥ B
P * | OFT |« . | -' -
- rE Iir

4

Bl 2-12 MIMO-OFDM & stz Fqz3

2.7 V-BLAST £ jis

RS BE > MIMO B, @ BEER 73 H 2o T2 B DT
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%
BRSBTS A R i SRR S e o
i%m%¥%ﬁﬁﬂﬁﬁﬁ’ﬂiﬁﬁ®ﬁﬁ44%%¥%ﬁﬁ®&§“¢*

o % & » BELL Lab /%1996 & B4s% < ¥ - &7 % S 4 k¥ b

kv s i G BLAST (Bell Laboratories Layered Space-time )
RIZ

2B g NRRTA(NA=N) > 2 #15% § - @5 QAM (& PSK)
SRR et - RF B M T % SNEM)E ) 0 G ez A o

B ens K BREFBEAE T A S

v(K) = Y R (O (K)
=Hx(k)+w(k), k-= 1,2,..,.K

(2-8)
h11 h12 th
P
th th hNM
=[h, h, hy ]
(2-9)

B h, s HZSMBEsRAKBRADDERXLH 8 h, ~4d
F MR RIE N IR R PR AP S E ) @ G

grish x(K)% 3 #1323 wk(AWGN)T £ 7 4o

x=[x'(k) ¥k - x"K]
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wk)=[wk) WK - w'K)]

AP k- B L HfE (quasi-stationary ) TR B 0 IT*L»'EL@ R il

* & Bire P g A 7| (Training Sequence) 5Bl i 3f S H 16 > i S

EX

AL

Bt A e 2 p T €GP R e 20 BRI L Bai > AP R

(Hw(k) - "5 % %> 2 # ¥ @& (Expectation) 5 0 % £ # ( Variance) 3 o, °

(2)F - {9 = éﬁ{ﬁ‘!@,ﬁ;f]ﬁ G FRA- e

2 2 2 2 o un kRS g e _
O, =0,=1"=0u =0y’ mﬁﬁ[&]ﬁ%j;&}ﬂ_?%ﬂﬁ

P.=Mo.

(2-10)

P& e * e gie 2t (SNR) = 3 3¢ s 5 (power) 5 — Hfi3)

ETIES

TR

p:
O,

Lid
2
w

(2-11)

FHERF BRERMRG ERAE DT PGP LEH > BERoR

Yoz 2. [ enid i 7 £ (channel capacity) ¥ 12 % 5 4o [8][9] :
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(2-12)

d b AN E e AR SRS TIRE T (R BRERE Y 2 ) MIMO
FEF R Aol TG T MEF M[10]3 e o FR AP ¥ 20 25 - F4218
S SEESEE S ANV 3 RIS _&h@;ﬁiﬁ]ﬁ F oo ¥ B A TDMA i 5k

WoBERB-H- @ ?‘]zm@ﬁg]ﬁ_?%h&,ﬁ (e N )= = SR = ek & AT R
FDMA st kii > R4 g - H - @ F en@iad F s ik " o3 a5 4p
Foeo - B 53803 5 > e k7 o it TR v & AL

1};_ it m%%{@m;ﬁIﬁo

BT ORAP R Lo J1* V-BLAST eofe B> 358 M £ 50 > d 42421

HRLELY ¢ ORR ) o
V-BLAST # iR

d (2-8)N P2 B H a2 VM ISP D E L 32

;éw’i]fu{

)2=(HHH)_1 H"y, (zero — forcing)

(2-13)
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EAPL YL G=(H“H)"H“, g5 Gehire 0 PI(2-13)E7F ¥

(2-14)

@0 RS S e S AP R - AU % (Nulling) * 4 e
PR AELR R I RF S IMPAGETENL L o T AR - 2R e
e LT KR TR o 5 gt 5 V-BLAST B304 /ﬂ VR IR F5 “f ( Subtracting )

SICRES SR RS s L EECE RS VRS S B

He Hy - BNx(M-D4EL - d HBHEFiF 75 29 x, -

BIx(M-D w8 > d xBHEE 50 @5 o dopt— kF ABHPIT - S5

pﬂkﬁ*rﬁ ; ;’f |TenF R APV R AR G A RPIIELE DT AE
Fedk o B B AERS AR 0 B A - R KR L B AR R UL 1 A

FERT A4 A2 s TR B2 mAAKPTELE D /8 R 0 V-BLAST B E
S 7&{3@{1\ BAR5s el B LR 0 @ e o (HHH)_]-'fE“i“ Hieam
Bl e 7 @ e b i s x) o ¥ % 3 iE S 1 % (Interference

Cancellation - f§ # IC) e 1% > & T & i &_d (HM_IHM_IH )_l PR S 8 R g

I LS (FIC e 1% > 0 1% — B 34 0 4ot (A AT xR o

21



2.8 802.11n A4 4

“§% WLAN 3 S-cnif 568 B » 2517 234pM R S %4~ 2 ¢ > [EEE 41
TR L E 6 Y 18 p itk k% 4 pF > IEEE 802.11 Task Group N (TGn )
e 62 ko2 ph itk %k? o 12 WWISE v TGn Sync = ~ L
SR EEXEMR A AEHY TA 29802 11In &% > §d TGn Sync #73% o) »
[V ﬁig?J % ﬁia?J A2 1 % A 4E % 3 (Multi-Input Multi-Output Orthogonal Frequency

Division Multiplexing » #§ #= MIMO OFDM) #jis i F# o

% 802.1In &P » & * X A#HcTA o @ﬁiﬁatﬁij » 3 =7 20MHz %
A0MHz ¥ &5 % > @Fzg 0w * 52 % 108 TE;:'E?F\‘;'}J'L KdE TR A B
¢ % B %% 5 (Code Rate) & 1/2% 2/3 ~13/4: %, 5/6' st 2 7% ( Convolutional Code)
Sk o SuAE 1 T 0 548 AR 4 (Data Interleaving) 2 15 > d £ 4R A8 ik =
B oo S € PRSI A AP RSO ) T 2 e/ F BT 2 E
# (DFT/IDFT) 5 3850 §% ik Pt 2 S S AU 3 o T A3 TIPS 2 18> 4 1 &
# OFDM & =~ ew ¥ {5 B 30 5(Cyclic Prefix) {6 i% 41 o 3 % > 5 3£ =7 BPSK ~
QPSK - 16-QAM 2 64-QAM # % 256-QAM 7 | c23 5 % 3% o J i¥5% 2.4GHz,

5GHz, % 4.9GHz dWFf » ApM chpE i 2 » 7 204 23 % 2.4 -

Bc X M) 5 B wend B A G5 28 I ELA (Pl B

VRN R e E R S R R A SENCET

4v SISO-OFDM % (L7 [ e8> MIMO-OFDM % 5t > fczd enx Mz 3| b

WEL “f 7% PR (noise) % i if (channel)inF $g 2 ¢h > B X R B F AR
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SIaE R

vochdE B 11T o

| * VB P R AE 3~ 2150 % .. &_MIMO-OFDM % 4t

Feature Mandatory Optional
Number of Spatial Streams 1 and 2 3and 4
Number of Transmit Antennas 2 Greater than 2
Channelization bandwidth 20MHz 40MHz
Number of Occupied Subcarriers | 56 in 20MHz 114 in 40MHz
Number of Data Subcarriers 52 108
Number of Pilot Subcarriers 4 6
BPSK, QPSK, 16-QAM,
Modulation Order 256-QAM
64-QAM
Code Rate 1/2,2/3,3/4,5/6
Guard Interval 800ns 400ns
R=1/2, K=7, (g,=133s,
Convolutional Coding
2=1715)
LDPC TX and RX Optional
TX Beamforming TX and RX Optional

3. 2-3 8020 ln PEssenip B ik

802.11a/g (20 MHz) 20 MHz Channel (Mandatory) 40 MHz Channel (Optional)
FFT size 64 64 128
Number of data subcarriers 48 52 108
Number of pilot subcarriers 4 4 6
Subcarrier separation 312.5 kHz 312.5kHz 312.5 kHz
Approx. Bandwidth 16.25 MHz 17.5 MHz 36.6 MHz

% 2-4 £ 802.11n #p B vt #2
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29802.11n 2. § vﬁﬁ: iz 5.(Preamle)

% 802.11n =% ¢ > PPDU preamble ¢ 7 7 # B8 i» : L-STF (Legacy Short
Training Field, &' #+ =), L-LTF (Legacy Long Training Field, & 3"
B+ ), L-SIG (Legacy Signal Field, ¥ &7t % =), HT-SIG (High Throughput
Signal Field, % i# 5% =), HT-STF(High Throughput Short Training Field, % i#
EP R ¢ ~), HT-LTF(High Throughput Long Training Field, & i# & "3 ) (v
B 2-13) 27 > g f g e ttfwg?]f% DR A AT o (F w4 802.11a/g

2 802.11n ¢ 47 * chfd & UTEGTE TR ETRG R Y o)

S S G W ) e R e 3 63 I

Bl 2-13 PPDU. &3¢

- Ik o RRELE O T B G

L. i Rl# ¢ (packet) L7 5] &

2. p # 4 ¥+ 4] (Auto Gain Control)
3. MF BB

4. BizkH ek

5. Biek e

6. I F A i

7. i B3t
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FiE 0B TR AL p o Eok A A B TR (T A 802.11a/g 2 %

BOURERUEL)Z (S (B] 2-14) 0 &8 5 0 @ ATehA K & LW 802.11a/g chAL AR
7“1 o
pis
8us 8us 4us
+— ¢ —>
Legacy 20MHz
PPDU L-STF L-LTF L-SIG L-DATA
8us 8us 4us 8us 2.4us 7.2us 4us
— P —> ¢— P —
HT 221;41;{5 L-STF L-LTF L-SIG HT-SIG | HT-STF HT-LTF " HT-LTF HT-DATA
— I~ _
N TN
This part of the HT premable is This part of the HT premable is
identical to the Legacy preamble specific to HT reception

an auto-detect of the
HT PPDU is required
at this boundary

B .2-14 HT preamble #z 5\

d 3B @ R T A e E e T — B @ & chit e 3 PPDU B
% i& 9 PPDU » T o fesd &l el T e 5155 L (L-SIG) 2 (8 » #i7 1ip) >
kL ETT - BT N EF # LR A (HT-SIG):R &5 07 4 (L-DATA) » & i
29 end B EImGELAIE T S B2 L (1) HT-SIG ¢35 > * BPSK s =

2 0 fm 18 3% (quadrature axis)m # 7% F $ih ¥ % (in-phase axis) (2) #&_L-SIG ¥

B B ATk G gL L0 EEdhm B ARG 5L (4 ,Tﬁ»{SOZ.lla/gé’h
RGO @R W L FR i s L-SIG A gl A f i o
A T R TR L 28T HT-SIG hF 4 - 34 34 17 4 it (1)~(7) s
fo o HT-SIGAZ > & 7 i B3t on = TR ¢ £ Bizh) S8 5 F
BOBE S 2 A M R TR (R 2-15) 0 @ (7 F E T D A M

TAREAT K o
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LENGTH | MCS | Advanced | Sounding | Number | Short GI | Scrambler | 20/40 | crc | Tail
12bits | 6bits | coding | packet | HT-LTF Init | 8 bits | 6bits
1 bit 1 bit 2 bits 1 bit 2bis | DIt
Legacy PLCPHeader &+
RATE | Reserve | LENGTH | Parity | Tail PSDU Tail Pad
4bits | Ibit | I2bits | bt | 6bits| e 6bits | Bits
------------ Coded OFDM Coded OFDM Coded MIMO-OFDM
----- BPSK, r= 112 BPSK, 1= 12 Using RATE.X indicated in SIGNAL.X
20MHz or L-STF L-LTF L-SIG HT-SIG HT-STF HT-LTF HT-LTF ' DATA.XI TxAnt.1
40MHz Sus Sus dus 8us 240 120 | fus Variable Number of OFDM Symbols
HT-STF HT-LTF | | HT-LTF ) DATAX2 TxAnt.2
24us 72us 4us Variable Number of OFDM Symbols
HT-STF HT-LTF HT-LTF DATAXN T: tN
24us 72us | dus Variable Number of OFDM Symbols b

B 2-15 N, @i = 52 PPDU 3¢

& HT-SIG 2 {8 en8_3% & 22" 3 2 ~(HT-STF) » %z MIMO-OFDM 4 3%
w0 Fapanp B Z 4 A (@Y R ~)L-STF 07 & - & MIMO %
Fud o BB~ HE & R 45 (tone interleaved) s £ 0 A 20 MHz i B T @?ﬁ%lﬂ?} v i H

724 B tone(Ap i BT o B @t w3, 12 B tone ) 0 ipth (TR Ay # A

Penidi X Rz F o B p4pdd LS ARl B o EAM L i B R G

T

M Ay FE R E A Ol R o

AR EEYRE A P BRI E o RT Rl BT RS
Benm o Bl B ti e B EEDRE A KHT 0 & MIMO SHRBET 5 E
A & = 3] (beamforming) ek jir » | B i @R 2B EI PR ENTEFE T
(spatial stream)e B #ic > ™ 7 L AR BE X RN PR BHRE > F R+ A B
RNEBE- B RO D ERROHEY T2 &Y - BRELRP~

m

FPARARESB R FRIAIBPIARNGES BB R TPEE o BB

fon

EEPRP - AR A

g
L

=¥
|

18 L@ A Rxl iz h, i (B 2-16) » £ 3] Tx2 e+ 4§ >

et ehpEiE 0 BiE R E P A 5 2 45 e 2 (tone interleaving)
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o R A RABEIRZET > BE AL T TN AR A A

FeBld B MG E BT - Mk B Rl i Bk

B 2-16 N, =2,N, =2

7 20MHz » & B @3 % 8 5 6] F K mp (§ 2-17)

Gl SetO SetO Gl Setl

j A V& A AL J

Gl Setl Setl Gl SetO

B 2-17 N, =2 p¥z HT-LTF

7 20MbHz P& » 3 ¢t & B ARG LA

HTL 0 =[-1,-1,-1, 1, 1, 1, 1, -1, 1,-1,-1, -1, -1, 1, -1, 1, 1, -1, -1, 1,1, 1, 1,-1, 1, 1,-1, 1, 0,
A1, -1, 1, -1, <1, <1, -1, -1, -1, 1, <1, -1, -1, 1, -1, 1, -1, 1, -1, 1, -1, -1, 1, 1, -1, -1, -1]
@ Set0 1% #c3f ¢ o HTL hig i 4pfe » B @ 5 0@ Setl thd #c3f ¢ - HTL

B FIFARR > B 5 00 et RO AT LR A B AP AGER
AT RS SRR T > Aot - k> RxL ARl A BRI A anig e
I > B Set0 i Wi i A 7 > frif HL tone FHE 2 {5 > AP A KH, B DS
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ESEY = o]
R

fe 32w #-H ¢

4 BeIE A

[ ]
Pl

x o @B 2-17 i

i i Setl(Set0)sp > F 5 7 @ 4R Tig i ¥ X BRI P ehp e B K T

i_ij s i%'%cﬁﬁ]’é—él-ﬁjﬁﬁ:"io E} J}L?
EEIFR o0 T AL BP H 4o

Bl 2-18 e 5 5 @

% Set 3% & A%

RIS E 2-50

G i enT Sfcp B 4o pF > HT-LTF »

% F 3% @ 5 (throughput)™ "% > 43 157 4o

7.2us 4us 4us 4us
e ™
N=1 al Set0 Set0
A v
Y a Y ™
N;= Gl Set0 Set0 Gl Setl
A A A _/
™ Y ) Y N Y )
N,=3 Gl Set0 Set0 Gl Setl Gl Set2
A\ A A A A A
™ Y~ R s N Y ) ™
N,=4 Gl Set0 Set0 Gl Setl Gl Set2 Gl Set3
A\ A _/ A\l D
Bl 2-18 HT-LTF #7 Fr % s fceipt 2
Nss Set 0 Set 1 Set 2 Set 3

1| [28:1:-1][1:1:428]

2 [-28:2:-2] [2:2:28] [-27:2:-1][1:2:27]

3 [-28:3:-1][2:3:26] [-27:3:-3] [3:3:27] [-26:3:-2] [1:3:28]

4 [-28:4:-4] [1:4:25] [-27:4:-3] [2:4:26] [-26:4:-2] [3:4:27] [-25:4:-2] [4:4:28]

# 2-5 Tone partitioning into sets for 20MHz (56 tones)

i ¥ 55 & MIMO-OFDM i #6¢ » A v %] Red b BEDE

Rt ﬁga]

VAT T HL] 5 ﬁé;{%\ir’g%j@ﬁi%]ﬁvﬂ e w Fh @ﬁﬁj%jf,“’ﬁ 20MHz ~ 40MHz
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P ’#Eﬁ%ﬁv@,ﬁ%]ﬁé NS g AR Gl A B g PRI S L E

VLR Y & 2-6

Parameter Value for 20 MHz Value for 40 MHz
Channel Channel

Ngp : Number of data subcarriers 52 108

Ngp : Number of pilot subcarriers 4 6

Ny : Number of center null subcarriers | 1 (tone = 0) 3 (tones = -1,0,+1)

Ngg : Subcarrier range 28 58

(index range) (-28 ... +28) (-58 ... +58)

A¢ : Subcarrier frequency spacing 0.3125 MHz 0.3125 MHz
(=20 MHz / 64) (=40 MHz / 128)

Teer ¢ IFFT/FFT period 3.2 usec 3.2 usec

Ts, ¢ GI duration 0.8 usec 0.8 pusec

Tqorer  ©  Short GI duration 0.4 usec 0.4 usec

Tei» : Legacy LongTraining symbol GI-|"1.6 jisec 1.6 psec

duration

Ty : Symbol interval 4 usec 4 psec

T, s : Legacy STF duration 8 usec 8 usec

T, .7 : Legacy LTF duration 8 usec 8 usec

T, 6 : Legacy Signal Field duration 4 usec 4 usec

Tir_qic - HT Signal Field duration 8 usec 8 psec

Tyt _sre - HT Short training field 2.4usec 2.4usec

duration

Tuyr_irer : HT Long training field 7.2usec 7.2 psec

duration

Tyr e, - HT Long training field 4 usec 4 psec

duration

T, : Nyquist sampling interval 50nsec 25nsec

4 2-6 802.11n P 4p b ¥
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\
(9]
i
Qo
=
)
=
o

¢ ISI ehif 14

WA S PR PR RIS ke AP v - B £

B AE 53 B M % 7% (Frequency Selective Fading)id if 1% @?J:}i,’p’rhf BV SR U1

@ﬁﬂ%ﬁ&%’fﬂ?7?fﬁﬁﬁ%ﬁﬁ’%@*lfﬁﬁ/~TW%‘@

WRET o Ra o ik § £ LT (multi-path)i ig g BT REBAFF

“’f%

6
# (Inter Symbol Interference) 3 4v » ¥ 5Lid = ALK » - e & " M T @

3.1 F#E % FarcE (Guard Interval Insertion)

PR RE Y 3R &G0 RSP S c IERR A - B P

s — S2.

SEE ORI R EE T e L L R FIER

Guard
Interval

“—r——— >

Useful Symbol Duration Tu

Y\

Copy

Bl 31 4 RERF2LEAMFSLAA

iRl - BEARE LI BEF R I HRR A B Rk
B4t B I AR B R LR R A R AT R R
fr % & (Useful Symbol)ehf 5 » 7B~ ez 8L7] 5 R KA BLeniisR T 4
(Cyclic shift) » SBHATE FEF L - 230 - BRPEApZDRHEH L > %ﬁ:}

2R R SR e RR B X IISIR w2
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FAA N T A FRERFS Flptecd 7 F R R R o T BIELE B AN

PFREFL2Z L -

Guard
Interval

Guard
Interval

}4—){ (a) Correctly Timed Samples
}4—){ (b) Incorrectly Timed but Decodable Samples
}4—){ (c) Incorrectly Timed Samples Giving ISI

Symbol M-1 Symbol M Symbol M+1

Bl 32 ¢ g Rk R R B Af{NPHREEFLLF L

M G fRid 5 F BT (multi-path)id i T 9 & 4 2 IST R BEPF » 2l W R F i
B M2 % (Linear Convolution) ¥ 5 72 %4 (Circular

Convolution) » ¥ & &4 5L .28 [SI Faf (IS free region) P~ » B~ % % 40 %
Al i IR B RO R $00 P Aol i B ) gk
o LWELE GRFE I FT Y ﬁ: R ET i TUMEL A B oo ek 3
Henh A B R ENEEREFORE R U R A B AR

E Rz B grf,g”ﬁ IST e 2 4 o

Guard Guard
IstPath  Symbol M-1 Interval Symbol M Interval Symbol M+1
Guard Guard
2nd Path Symbol M-1 Interval Symbol M Interval Symbol M+1
Sum Symbol M-1 Symbol M Symbol M+1
ISIregion ISI free region

B 3-3 ’ﬁ FEERF2ZGAL IR o A 3 > L E a2 e N )|

L BT UL PER R 5 E RSt 452 F Rt AT e AR EEE k da



ROE AR B ES T R T R RR R R OER L A

@‘@ﬁﬁ ﬁ@ﬁiﬂ%ﬂy%o

R F e XA

B 345 - A5 R RAERER o Gt Y o A PRT R
BQ$M§QMW+§ﬁ@w,*L4@+§Amﬁﬁa

Af =B/Nc=1/(NcTs) » B ¥ Ts 5 {4 ~ Bk ik -

* ™ s bubpath
SE‘;I“ | a  TamEl - i 1PAT Gumed =| Tadrg
S - ol vl CramEl
L
LA
Lecern
spmel Frmom
s [emappn f:c:.adxleik Giard P
E (DFE) Irtereal
Chammel
Betwmaton
Bl 34 T 2AHaf 51 ki
—ip g 0 T HREFHRGEET ¢ T TS AXNCEFAL (5 Neip
fif«;‘}ii’h 7)\ ° & E?#i TR *q#bg*w-r'% AR E s el B i

WA TIE L B - B 2 A X, AR mB R LS kB
NC 8 X, (5 7 44c i = F i (IDFT)H QB2 ¢ i E > 5 B8 2 oot
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M RE

fZ i (multi-path fading) & & & L CP & & 2N,

B 5 ER
L BETRM (AWGN) > Pl £ B L 438 N+ @ b NC+N /| B » s #
FRfsR Ay BHEARERR LG AR T AT
y:Xh+V
(3-1)
He
T
=|:y0, Yiseess ch—1:|
(3-2)
T
h=[ti . h ]
(3-3)
T
v=[v0,vl,...,vNc_1]
(3-4)
Xo XNC—I XNC—Ng XI’\IC—I Xl,\lc—(L—Ng—l)
!
X = X Xo XNg-N, 41 XNC—NQ XNC—(L—Ng—1)+1
_Xchl X2 ¢ Xch(Ngm Xch(Ng+z) X(N,-L)
(3-5)

A XAEWL S > X % XA B4 F 5 F S OFDM # Aot — @i e

OFDM # < & n =t it ehiz g > £ 3 788 (L-N, - Dx(L-N,-1)eh= &2

:F_F_'Ki ’ 3:‘5 g\, 7 ?::\- ;L‘F'E&—L%(ISI) ’T}‘ﬂ'\‘j}b 3 i—:‘ A 1/{E|J T—J- 71.4%37 ’ é
b - @R AR kg B R )2 4# (Circular Convolution) inig 45 » @

FEEE BT AAPRLE-HFRADPE AX= [XO,XI,.. ]”ff FhiE A
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T
XI:[X'O’X'I"“’X'NC—I:I s Hey o AeT ol

y=Hx+Hx'+v

(3-6)
He
I 0 0 hNg hNg—l hz hl |
h1 ho 0 hNg+1 hNg ho ho
H= th—Ng—l hNC—Ng—Z ho th—l hNC—Z hNC—Ng+l hNC—Ng
hNC—Ng th—Ng—l h, ho +hNC hNC—l hNC—Ng+2 th—Ng+1
L hNC—l hNC—Z hNg hNg—l + th+Ng—1 hNg—z + hNC+Ng—2 h, + th+1 ho + hNC |
(3-7)
0 - 0 hL—l hL—2 hNg+2 hNg+1_
0 -0 0 hL—l hNg+3 hNg+2
HI — .
0 0 O 0 0
0 0 0 0 0 0 |
(3-8)

4 (3-6)2 7 40 HX io- 5 § 5142 ISD> o8 BURUSLATR A, B 1
LA E SRR UES AR LS 3 SR U ES BRSNS S

33 AR wap AR

WA - Herens 0 0T R HY § AU B
Be g2 E 4o * 3\ Fa—iau“rxp.,,m?ﬁi»x'iijiﬁH' » i ¥ KA 3-6)
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v mISI—I%IE,}J:ﬁ_m ]Et‘ ]g/ "}; - lﬁ ]'—+ m—li}%m %%’{(lﬁ}s

B e (39)

y=y-HX
=Hx+v
- HHE-HxH 4T
| ho hNC—l hN +1 hNg hNg—l hz
hl hO hN +2 hNg+] hNg h0
H= th N, -2 hN Ng-3 th—l th—z th—3 th—Ng
hN Ng-1 thngfz ho th71 thfz hN Ng+1
thng th—N 1 h1 ho th71 Ne—Ng+2
Chey o hes i Py By h
0 -h, hy, 0 0 0 0]
0 0 hy ., 0 0 0 0
0 0 -hy 0 0 0 0
+ c
0 0 0 0 0 0 0
0 0 0 th 0 0 0
_0 0 0 hN +Ng -1 hNC+N 2 hN +1 hNC
=H,+H,

Hd H 2 H,'=&m = > H, 5 circulant matrix > F]* ¥ d
WF47 5F'AF > A SR AL em § meaed a3 &4
e (3-10)7 8- H AT &

VS s Fk L ART AT LY

35

EST L’J’J,ZL rj\‘f\?s\

(3-9)
h ]
h0
th Ng-1
th N
hNC—NQH
hO
(3-10)
IR hE - Fae
R i B0 DFT



Y =Fy
=F(H, +H,)x+Fv
= (F"AF + H,F"F)x
= F(F" AFx+H,F"Fx)+Fv
=(A+FH,F")X+V
=KX+V

(3-11)
#¢ 5 K=(A+FH,F"),X=Fx,V=Fv » @ (s X 7 {{ ¥ 51 LS 9> 2 &)
BT RIS B R K o
X=(K"K)'K"Y
=K'Y

(3-12)

00 R A AauEE Foo VR T AR (3.1 )7 gﬁFHZFH bi I A E IR

B ens 2o A RFARFR KR > 8533 f 5 %I E2E(Cyclic

Reconstruction) ©

3.4 %A;¢E 1= (Cyclic Reconstruction)

SRS T 3 E S SR E e BT
(Linear Convolution) % % ¥ 2 %zf# (Circular Convolution) > # P# 3¢ 48 1T 1§ i 3§ 9B~
BEF o AE NP Al @ TREH o SERICE 2 E R I o B A frid i &

BB P At AR R ES H S R AU R A B EERR
R IS A4 o &340 o AP ISTamn i) % a ja X o

TS SIE RS Y-3 TDEY IS EX SCEN IEERE ) e

36



o @), 7 FEEPRE), GO, A EEnBEE)

¥ =), -H,(®),

(3-13)

PR (3113 Lvs HF'F omgd - @fgde

T ROLROL] RO N

X)), 1Mt
¥
| &, [—#{ FFT |- Decision |—»(%). %
| numciudlcinm
18t Mgg‘“’”“l FFT | Decision I—I(\} (X)
Recn(i:ct'h:mﬁun )
| FFT | Decision —#(X), (%)
| :
& . IS from previous s ymhol | : . I

Bl 3-5 FREEs AW

Flv 2 - @R kR R (R),, o B R anUgly, 2 ISLAR R a2
oV EELEAQR), 2T R), £ CPe Sl vy oo #E 2 sy 4
i decision shig % (X), > gy AW G N hX), L PR L/F S A NPT ]
LK g2 EECPo L R EE N BT UL FEF A RE MR
IR, o drpt - R TR ALIB AR FaE RSB w R

L
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4 BT R R B F] L B i B2

gL FE MR T

Z

5 R ezt > R
R H T R
ANPFEE DR - H o

- ﬁ\(decmon)r e

=

S Bef o ST i n
R AL

¥- 2o ’5\“??3‘5”53 /é?m"T,ﬁQmw %

s 0 N S TR TR B F
AEA G @ E AR BN AR 0 R R R E S S PR L
&% IFFT ¢ % »

SR ARG AT A PR R el 2

E A D20
FRY, % T EE 5 (pilot tone) » B Y, ¥ % 7 40

Y, ={Fy},
= {FX} h+{Fv},

= {(F[x1.X> X' |} h+{V},
= Zh+{V},

(3-14)
He

o X R & PR Y eI P g b TR SR £ - i 7R A)(ciuculant)
AE {FX}p (VAN S

B 5 eniE (pilot tone value) > 5 d TR
R AP REEE T E R FE LTS

- AR L AT
X Z —j27zp(n-1)
{FX:n}p = {FX:I}p GXP[T]
(3-15)

¥ 4 (FX1) ¥ a2 8 araa(d preamble i 1F) 0 Tl B ( 3-14 ) s
BZ B RD s Bt 0 AP LS 0 2

EI P

B3]\ e "erﬁ; LI '@rg_rg@ o

]
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(3-16)

2850 I b A RER A EAFEE o P L SROTERT A T AT

L.

T DecisionFeedback
for the next syibolly)

B] 3—6 deeision'feedback ISI cancellation

i 3¢ 3¢ B¥(channel tracking)

£3.6¢ AP EHRUHE FRALE IS BRE o R

N

OB IAMHIE S A S APEFE G RABE TR RA T EIHET
P % (time-varing) e > #71 H % i B BIRASLE B R R fE- Bite o

WEL Foay € F EA A4 0 il i i Bi(channel tracking) & OFDM i 5t ¥ » H_

G OFDM i u? o 8§ 7 0 S B Bk s b0 = A 0A

oo T ko AP RGE I - B AP R R R R
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HER BT 6 B S E R S Ao AR Y kSR I B AT

Y- BER S NC=5 S EFERELEAR L2 A CPER S 20 0]- B
3 A B EIRIUELIEL 5 x =[X(3) X(4) X(0) X(1) X(2) X(3) X(4) |« i3k i %
= 5 h=[h(0) h(1) I » 42l (F CP = 54 7%) &
y=[y(0) y() y(2) y3) y(4) I » %8 y(n) = > h(k)x(n—k) Bt %3¢ > 2 97 7 5]

T?lji;\l—:}- :

N SO

y=x*h+n
yO XO X4
X, X
yl 1 0 ho *
=Y, (=% X | h +n=X+h+n
1
y3 X3 X2
_y4_ _X4 X3_
(3-17)
Bk X 5 E RS Pl h ¥ * LSjwH 2 £
=h =(X"-X)"'X" .y
(3-18)
Plh2 47535k H
h, ] r~ - 1[h,] -
= H =F;- ! _[F5x2 F5x3]' ! =K, -hy,
03><1 03><1
(3-19)

B(3-19)° »d W EALRE S RIS RS G A 00 EEILR PE
R 0 SR R E MRS IR R R R Db i F for%
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B AR

FETRAPTH TR EOHERELRHE Y - B P A RER o fRE
X > 1 4K w P2 e & (decision feedback) %g%’#&‘iiilj STUELE T B UL Y,
Bl X 2 B T Bk et o AT 8 B - B ATEE 5 Pk H (data

tone F 4 5 )°

(3-20)

H ¢ D{e} 5 ¥Hje 3| e 5L ik { (decision) e 1%

FOATEME S S H o AP T R SRR AT ¢ steepest -descent 7
G I EBRIE DR ARG PR R T oF Ao AR b 353

z_I' cost function

3 ()= 1 - H[| = b - F o

(3-21)

%7 & cost function & -] 14 fE {7 B i ol i A > 2P 3-21 ) ik
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8 8 o =
= (h)=a—hHH -F-hH2

8 ' = H ' =
=—(MH-F-h)"(H -F-h
o ) ( )

za%(H'HH'-H'Fh-hFHH'+hHh )
=(0—F”H'—F“H'+2h)

F* (Fn-H)

=) ( )
(3-22)

P H - el @i 0 HAS I % - R A

ke v
@aeaig 5 B A FYRIE(3-19)¢ &I E s - 350 > o (H-H ) f 1+ £

B EEL{o(3-19)1F 1 F

F' [H-H]= EH :l[H -H|=1FFT {H - H}

(3-23)

A (H-H') (5 IFFT 2 5Bt i L gt & s £ 5 i £(3-19)@8 § o

% (ke iJ(h) Ti [H-H | GIFFT 52 % = B £) > dept — K 1%

ch
2 'Awttm§” ’*#{» B RAgfecnaEt i@ 0 2 d IDFT

it

M H
it d BT o FE A L
¥R R ARSIl h, R EE - B P A i hy

1 i% iF steepest-descent adaptive

algorithm(3-20) »

5 13 zg f,, ]l/ o

(h), = (h), + 12- VI ((h),)
(3-24)

A g L w gL & & steepest-descent adaptive

=
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algorithm(3-21)2 12 &t 2V i 5 (B cid 3 > 4o 3-6 #777 o

(h),,, =(h), +x-VI((h),)

(3-25)

Chammel (H), Decision
T raclang Feadback

Bl 373 5f B AT

HY y kb ostepsize ¥ ORI b anl G IRE A1 R 0 G ¥ @ R
o g R AR ey o F 2D RIER RO i 0 ot - k> i € 5 -
Broda@and M BHETAF SR RHEEIT A R-AM™ ¥- 25 Ao
A R R R R B R 2 T ek e R ) g
BFent (4o % " F 8 s £ B>CP) > #-5 B &g B2 @ pdsk > 4oBl 3-8 it
BEFREET o RAR BRI SRR B W A i R L5 R

i o
Bl 3-8 ¢ o i i hBD BB JETRUAT R ek ey S ASEER 4
PE BT R R R R LR R A X w R i  HUE

EEp T EH B LGP E SRR, 2% X 2 h 4 ASEET k£ B A

n+l

B (y)y, ..., 4ot 3 ETPETR Y R0 - e AP RUE Y TR B TR o
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i Decision Feedback
. for thenext synbolt¥)

Bl 3-8 ,&_Eg%ﬂlg—rﬁ;/j_’fjiﬁ’,“—izjﬁf‘ﬁ/ﬁfig]

TR G R A DO el 5 0§ - BT L CP
BHE s @ gt (T g @ n ISLenfi a8 2% 4 sV i g B j2 o G % iRt

Pt G 5 ST cR° 4E -
3.7 MIMO s 87 2 3 i) 1% g1 5k £ 12

BT AA PR L FRFAL21In AT B T A R RDBRE T 0

L A PR L R TR gk i B2 04 @ 5] MIMO-OFDM i e

¥ - B 2x2 4 MIMO i 5> 4o 3-9 H il iE i vh, £ & L % < > CP >

det - ko F 0 BT ARUEL(Y) Mg XTI AT R R @4 EI R (B2

(V) %7 2 % - BRI OFEnBRA A X)) RETF LS BB
TRAHE N N B R A L) o S A P A B R R s
ERF B - AT R R EIRABLAE B 1Y (3-16)F 0 BT kSRR
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B B R R 2§ - B (Y, B (), Yy TR B R G TRUBL e 4R 9E 1

@E(F') 2 (§7), 0459 BLASTF B @A i x vz 52 %), 2 &),

*

BT RRYRGOBAR), 2 @), #F) 2 F) W L2k (§) 2
(yz)l (&4 VBLAST { it @3 L Frecni s> Win & B & A, £ 2 5 B
FTLEAA = h @I HROGeB Y R RN ) q F E D B (YY),
(), Efciekaprig > Gl R EL@R) 2 Q)2 FHG),E (), ? @
FHEAEF), 2 F), BEVBLAST @R~ L * e ~d g

Boom H- HE R BRI Rk R £ i & MIMO-OFDM

K JR i R R A -

& MIMO-OFDM % 5L ¥ &4 9% e es £ i ;2 - & & SISO-OFDM % st
PRI AR N2 ke ¥ A A 548 preamble b F R A2 B R R 0 LI F AT
5 %ﬂﬁﬁ%%ﬁﬁ&——liﬁiﬁ'% VA EE em A AT AP B AREBITERFF
E Bl A I B ATUE dopt [ F Aok A8 %R K Y E B R
BRSOk > B B4 5 4% (tone interleaved)#? V-BLAST i & 2 » 2 P ayg & 2
% MIMO-OFDM 2£p* % (time invariant) 4 52 ¥ § ¥ 7 45 04 o 3 oo f3/4-pF

% MIMO-OFDM 4 5:# » i if B £ chR 4T » 34 Pt ™ — 343 o
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o

Feed ok 1 Cydic
hil e e Bl TR, — — e —

w ..m.wg_ ) IIIII_
Lo WL M : i

Decision Feedback
for the next symbolx'),, %3,
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3.8 MIMO-OFDM % 3.2 i€ if i Be_

A & SISO B ik 0 B 3T 417 WAL (R), 2 Hie
;’fljﬁj;%%u(Y)n ’ :’E ;Eﬁ:@'g‘. 5 36 ¢ gﬁ/:ﬁ‘“_g;/z{ ;IZ,_% 2 m”?fﬁ@z@@g%;’;ga -

(h)n+1 °

25 B MIMO &M » 5 i {8 X ST feE % n B A (), o T e

LEAMBA B BN B B B SR R SR 5 e

@ Ao A ArT ol

(yi )n " Z_(Xm)” >l<(him)n

(3-26)
#0530 0 2x2MIMO i B¢ % LI C S SUcTlendn g 5 2 5

(yl ) = (Xl)*(hll)n +(X2)*(h12)n
(3-27)
Fl o AP EZELE), 2 (X)), T2 G E (hy),, % (h,),, > FliEE

Foo g Rz AT B E LGB, 2 (), M(3-27)F LA

f{ it l/z\SISO ,:‘i s - ’]r,{ , ﬂ’flj’l’r B 3-7 ﬁj%ﬁ’-%‘ilﬁ i P
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5. i
‘7 . e (¥ H i
5 g VEL &2T
(¥) =(x') #h ) +x) #h) i cenie -

B 3-10 “pF% MIMO-OFDM i 5@ » 4% ;L F w k- WELZ F 4r‘\
3 3 3 HR)

(85 AP R R e TRy, ¢ (O), 2 T g TR
@340k SISO 53] 4 3 A58 o dplbm T KA 016 K AMUBLE B T2 E

i #(hy)), BRI R o e IEE @ (hy); (hy),(hy,),
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A 4 *3_&&7\ *%
i€ R e

- BERRNE G ii? > BESd BRI IR ARFTBRR
i o % hT LA SE D DR S 1 DI T o T X UG 0 e -
BERIE DRI R S RIS R R D Bl d 3T DR L R B

PEPEFTF AR NI AT RORET AT - BRTEFE Y G
7 BT 4E VB e3e S §348 4 E (Root Mean Square Delay Spread) @ 4 5% & &

Tows © SEF B 4e » B A} TIDGuRIFHEL B A BT o B BiE 2 A

JRlE TR R L 5 hij v PR I BRe W Jfﬁ‘%\' BEE I A T

BEL0 2B Lo /2003 MR RETA L v E A - BET L GURIFE

- B F 414 # (Rayleigh Distribution) 2 45 323 4 # (UniformDistribution) £7%g¢
R AP R T IR TP T, 5 5008E Ty 5 200ns » B A e 3 $073] ¥ 02
WRACT A HAY TR SK BEISOEE £ 7N S
1
hij:N(O’EO- )+J N(O O-'J)
o; =0y -exp(—KT, /Tays)

oy =1—exp(=T, /Tays)

(4-1)

#4 N, O'.,){— BIBEL0 $B 5o /205 2T FH o P E =

RTF2 5 EREFFEAEREFDRT LR T 40T -
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e T
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convention method

= IS Mitigation

—B— iteration

- jteration
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SR
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20 ) /ﬁ'ﬂﬁg—l;}é ’ I%\Il;

BR=

Ko s
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3
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convention method
_ ISI Mitigation
—B— iteration=1

iteration=2

10

BER

10°

SR

f 4-42 2t pr % SISO-OFDM i st@ > il ig £ & =12> CP=8> '}ﬂ"‘,fla% » A EaE

43 P& SISO-OFDM jff ftdya 38 5 5 2 ik £ 22

AAEREY 0 AP APERSISO-OFDM 487 @ * A 57 ol F LR @
B AR R TR RERA R B 5 20% 220 RS AR 45

Bl 46> APanifdiz- 2 6 f FILEEE A & 3 PISIF 4 MFF U gLt fr

b3

Fo¥ -G 28Rl LR e REGEEE TR REMEL AR LR
Py MEFA GRS o B - & stepsizey KRB e il 3 TS
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Bl 4-6 ¥ SISO-OFDM * > {f £0t=02 Bkl RAEE R

4.4 2t MIMO-OFDM Jistd 2+ 48 i 'k &2 ik £ 22

ek S 0 A A 2pF % MIMO-OFDM ko &l if £ & 5 20 @530
BOoHERAMER? FEEFE o d HRESR 47 @ APy Eiz e

r1a i MIMO-OFDM i St ¥ f2 430 3 3 & c0f° 380 7 38 € $05 4F fo 10 22
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4.5 pF% MIMO-OFDM" % .,;r* 2 44;@,# FER S

A ST AP A Eﬁ% MIMO OFDM AP AR R G 20 @EG
B HERAMEEY hiRE TR o HIgL 5B 48T Apaygssv
" G S MIMO-OFDM i $uv? f# il if ¥ & ok 31 0 4o fp PR
SISO-OFDM % $u— 4k » step size y 3§ 4 i * ERe AR RDR R

FREE o §REHGTE B o

55



—&— convention [

1
2

—B— iteration
—— iteration

U R

10°

SMR

20 if I BAEL > B

B i iR

P
&

® 4-8 p* % MIMO-OFDM |,

56



5% B

BAHT? o F A% T MIMO-OFDM sftiirds 45 & $H 1 8% 3 i
802.11a/g 2 802.1ln 2. RAfe:&— 3 A 5 o 2 {6 A FHAN P T chd B 238 Frdg)

IST v 2 3 3 3f B&he 12 4R 31 o

BISI= & » M PUEN T RS AR T Fend F - B AR w4
K HE Mk BB B AT SRR 0 8 H M drd] T & 802.11n 1R ¢ 2. MIMO-OFDM
GAPARTRORL T - 26 0 EF BEE DT L ERD S AP

/2{“}?7" CP EETWT&mT»mF’&—I*EmFF,‘

1E B2 & ,;kifaﬂ?r ﬁf@ﬁﬁg}b@g}_m—» ;zk__/j_ﬁ\qq#):mﬁ s

!
‘Jw

T B 0 o B et EA L ENiRER e E A R B R e

B o g

v

g
TN
&

R ¥ - 2 Go MEE R Lk P ) 0 A B e
US> & 7 AF 2 & MIMO-OFDM b @ 4 »cd 34§ £ RSl i i

Bienh 3T -

YL AP R R PG T A 0k AR D R en s g ol
i OFDM i su¥ 2 p &3 Zipdl~tpifesn 2 9 3 ¥t § B EP AT ED
Flt R kenp e { R L PR AT BB Bk v g T
R A S R RN L RFEARAS 2 TR R EARR > U

R SR R A TR RS

57



% 6

[1]
[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

= b o Fp
¥ %3 1]??
”TGn Sync proposal technical specification,” TGn Sync, Mar. 2005

IEEE 802.11a stand., ISO/IEC 8802-11:1999/Amd 1:2000(E)

Yumin Lee, and Pinchieh Huang, “Performance Analysis of a Decision
Feedback Orthogonality Restoration Filter for IEEE802.11A,” IEEE Wireless
Communications and Networking Conference, vol. 1, pp. 449-453, 17-21
March 2002.

Wen-Rong Wu, Chao-Yuan Hsu, “Decision Feedback IBI Mitigation In OFDM
Systems” in ISCAS- 2005, papper ID4663.

Y.(G) Li, ”Simplified Channel Estimation for OFDM System with Multiple
Transmit Antennas”, IEEE Trans.1On Wireless Commum, vol. 1, pp.67-75,
Jan2002

H. Bolcskei, R W. Heath, and A. J.‘paulraj, “Blind Channel Identification and
Equalization in OFDM-Based Multizanténna Systems”, IEEE Trans on Signal
Processing, vol. 50,pp 96-109;Jan 2002.”

P.W. Wolniansky, G.J. Foschini, G.D. Golden, and R.A.Vanlenzuela,”V-BLAST:
an architecture for realizing very high data rates over the rich-scattering
wireless channel,” in Proc. ISSSE, 1998, pp.295-300.

I. E. Telatar, “Capacity of multi-antenna Gaussian channels,” Bell Labs.,
Murray Hill, NJ, 1995.

G. J. Foschini,”Layered space-time architecture ofr wireless communication in
a fading environment using multi-element antennas,” Bell Labs Tech. j., vol. 1,
no. 2, pp. 41-59, 1996

C. B. Papadias, Multiple Antenna Transceivers for Wireless Communications:

Capacity considerations, J. G. Proakis, Ed. New York: Wiley Encyclopedia of

Telecommunications, to be publish.

58



[11] P. W. Wolniansky, G. J. Foschini, G. D. Golden, and R. A. Valenzuela, ”
V-BLAST: An architecture for realizing very hith data rates over the
rich-scattering wireless channel,” in Proc. ISSSE, 1998,pp. 295-300.

[12] G. J. Foschini and M. J. Gans, “On limits of wireless communications in a
fading environment when using multiple antennas,” Wireless Pers. Commun.,
vol.6, no. 3,pp. 311-335, Mar. 1998.

[13] H. Bolcskei and A. J. Paulraj, “Space-frequency coded broadband OFDM
systems”, [IEEE WCNC. Vol. 1,23-28, pp.1-6, Sept. 2000.

[14] K.F.Lee and D.B.Williamos, “Pilot-Symbol-Assisted Channel Estimation for
Space-Time Coded OFDM Systems,” EURASIP Journal on Applied Signal
Processing 2002:5,507-516.

[15] O.Edfors, et al, “Analysic of DFT-Based Channel Estimation for OFDM”,
Wireless Personal Communicatiens!12 pp55-70, 2000.

[16] S. Haykin “Adaptive Filter Theory”, Third.edition,Prentice Hall 1998

[17] S. Olmos and P. Laguna; “Steady-State MSE Convergence of LMS Adaptive
Filters with Deterministic Reference Inputs with Applications to Biomedical
Signals”, IEEE Trans On Signal Processing, pp2229-2241 Vol. 48, No. 8, Aug
2000.

[18] Shaoping Chen, and Tianren Yao, “Blind algorithm for RIBI mitigation in
OFDM systems,”Electronics Letters, vol. 38, issue: 22, pp. 1382-1383, 24 Oct.
2002.

[19] J.-J. Van de Beek, O. Edfors, M. Sandell, S. k. Wilson, and p. O. Borjesson,
“On channel estimation in OFDM systems,” in Proc. IEEE Wireless
Communications and Networking Conference, vol. 1, pp.449-453, 17-21 March
2002

59



