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ABSTRACT

As a rising wireless application service, wireless LAN is implementing in many areas such as
school, air station, conference room, even home, accelerating high speed wireless data service market
growing. In current, there are a lot of wireless LAN standards which are supported by some big
companies, [EEE802 Ifa is undoubtedly a very special standard among these wireless LAN standards.
It's a large advantage that it transmits data through OFDM which can help increase transmission rate,
improve signal quality and has much robustness of multi-path fading.So many people pay more
attention to it.

In order to apply this hign speed wireless LAN into real life,we give the primary implementation of
the transmitter and the receiver of OFDM systerm based on IEEE802.11a in our project , and the
important work of this thesis is to implement the inner receiver. The inner receiver include two
parts:synchronization and channel estimation.However, there are some difficulties on some key
techniques implementation for OFDM system, including synchronization, channel coding, channel
estimation, user detection, reducing PAR. Many studies still talk about these techniques in theroy.So
this thesis studies many algorithm for channel estimation and synchronization,and presents a
FPGA-realizable algorithm for channel estimation and synchronization in OFDM systerm based on
IEEE802.11a.

Firstly,this thesis summarizes present algorithms for channel estimation.and studies detailedly the
algonthms for channel estimation which may be fit for the OFDM systerm based on
IEEEB02.11a:(1)this thesis presents the LS algorithm and the LS-average algorithm by 10 short
training symbols,and makes a comparision about their performance on AWGN channel and
muti-channel,proves the latter is better than the former.In order to improve the performance ,this thesis
presents ulteriorly the NRA(noise —removed algorithm) based on the LS-average algorithm.(2) this
thesis presents DFT Interpolation algorithm aided by pilots.

Secondly this thesis summarizes present algorithms for synchronization. Synchronization of OFDM
include timing synchronization and carrier synchronization,and timing synchronization also include
symbol synchromzation and clock synchronization.the most important task in this thesis is to study
timing synchronization and simply discussion about carrier synchronization. Timing synchronization
is divided to coarse timing synchronization and fine timing synchronization. coarse timing
synchronization is aided by the short training symbol and CP,and fine timing synchronization is aided
by pilots.

Lastly,this thesis sort out one timing synchronization and channel estimation algorithm which can
be FPGA-realizable.Complying with carrier synchronization presented by the associate,the inner
receiver of OFDM is implemented.

[Key Words] Wireless LAN, OFDM, Carrier Synchronization, Timing Synchronization, Channel-
Estimation,the inner receiver
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{BR LixseFEXE 3T R IR A T4 2 T e Mo g5 fg el e L p9Bit sy, Rk n% A ps
N FF IEEE802. 11a B& M. EWRTE FPGA P, RIrEALIE T 1EEES02.11a BriX
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AT A tie X

OFDM RB WM, LARIERIBLH A S WS ROUEETE, Ea A PPGA RER. &
A SRS ~#XHE A IEEER02.11a UMYX MIATEMTHFE LT TS, RE T B TH FPGA
CLFIE . ER =X ERFEEHTT THA, B ISR EGEHE T HEESHH
o RN ER FPGA L3 T AT H AR B A8
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i M o T o 508

3 OFDM R4 5B

AT FETw OFDM WEWM SEEMBIFRE, £2419% T EREBBENEERE,
MirgsH T OFDM EiERINHRE, BT TS IEEER02. 11a Bt M KIS il 4ttt 7.

2.1 L& ittt

REFERS TS QERERTEZPA. ZNSERBAH - T EE&ESENEMEE.
KTELEFFEEXIEDITE, TS5 R™" ., SHEESAESAL, LasEhpeEes
WAFZINHRER AL, RENMNEZIREN BRI E 2. Baiisfiss
MR R U RN FERZR, ERBFEABENERRG. ESETZELHINE
WAHLIEI RIS EI R P (GBI IR AT Be S MG B ML A B 45 B 89 (LOS: Line-0f-Sight) . S
(Reflection), fiTht (Diffraction) K& (Scattering), T B i TEE A F HREIYE, D57
fefah At R BEPLE, X E LG ERL A EEN AT EELNIERRFN. HE4%5
gl A (PR, sl T, BREENS TN S EEEw, 20 H IR BN
WA . LR IF 18 FXFRREEL #0683 2 o N BT DA 43 S = 2K

1) B AR S rE, TERAMERMENRE:

DNBRE, TEESETHRNMERXNBTRA. BRSERYS8SENERERIIRE
#,

) BEHEE, ERMTLEENNEFHFELRUSIERN.

LMRH X =R RIREARFIIEERE. MNTLLRGETIENARE, AR ETF N
RERMN (Large-Scale Effects) , FEEMALBEHNEIRELLRWE=TE, #td
HMKREMRERTITUHEHBEHARER TE —MBHANR T AR ERN Small-Scale
Effects), fEf+METEEEAREN N 2MAEBIZBENELZR, AT EZRESE
Ws, JFAARREHERR R T BRER, MUFSTEERHDIRNEESE. 5o, ANEE
{ERAE RN 3G 0T AR AR {518 R 4 AR E % (Fast Fading) {51112 3% (Slow Fading)
{518,

Ty &0 1000 1800 Zobo 2800 | a0o0 2500 A000 4500 GO0

2.1 AREMNSHHADRERSTIERD
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WL A SR8 X

2.1.1 MREZFESH

EXMRHEEBHHE T, BREEHARBEIRERERE, IREFEBLAN.
EZFRFIET, [BRBHAV MR ER A T EME L/ 280 R K R I, SUIE R E M
BRESHEELS R AR, TR D RERN.

(1) MR N RN Z M B &
NREBRN B AR R
(1) EhEARENEERERRRESRENRIITL;
(2) HTARESBE LR RS S8R5 & H YRR RS
(3) HE RN EY BEE S N RSREE Y.
/A RERNFERES:

ERER: TEBSEET, dTRE. BHESMEW, SRIKBEEINGS ARHES
ZNEZNTEBRRZEESENEN. TERESBROWE. L. FEXNEAS A S A
[, FEEEINESESEREMEN LT mENRE., SREFBL51R8GSENEL
W, MiiaRASEETHASD .

B EE AXEEH RS D, FEFHRSWEBIMEHRTE SAL. MEBE
G T HGE, HT& ANGESHAS AT, FBE08 22 ARBMDoppl er % 8%,
FERMNESESTERENRA. FHERNEEIE —F,. BaheNEzsEEES,
Doppl er 5Lf& X HEHUE S R R T8,

HEPMEREE: MR ELEERBPIAESINNE, SEFRRBERRER LS

e BN EZL. MEBEIYHLAT RESBWRR LT A AFRESES, X8, #B3hFH
B IE BN S [ M Doppler i 31 {5 S B MBL L A M LA KB .
. BESPYERR - BRHESNENESELZREB PORBEARBFERZRE. MBEHEERS
SHYHETRLFETRHHTER ER, BlGSE AR . BinEE S % tkDoppler
HEANBRE, 55 Doppler MBI EKREHNER. MEFEFSHMETRLLEHEHRER,
WS B AR B EASSIRBEM LR . B R1E S 554 27T L SDoppler 5 S AR H I
I, {55 % Doppler S 5 | e i) 2K B R B A U=

(2) 25 1E) MBI AR Y
ET2R2 a8, HFEIFEEWNEFIREE, TEEHHEEK MmN AFRRN
Piry
ht, ) =Y a (O8(r—1,(1) (2-1)

p=1

Hera (D =a, (0] 7 (1) 8,() BRNENEYER, SHNE p FRNEERHT.
HEERHE, P() AEAN M OEERH . RREEE N0, TRERIES )0 TET
s
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T A S8 X

()= h(t,7)* x(1)+nit)
= E x(t - o)n(t, T)dT +n(t) (2-2)

P{y

=Y a, (Ox(t —7, () +n()

FRAFSRM T ERBEENZ AR TN . 38, EREEMEBIRNYREER
y

H(t, ) = Flh(t,7)} = Eh{z,r)e"‘f‘”df (2-3)

(3) ZRNZFEMFE R

ARQ. DR Q. 9HPRUFE, WUBNRFEMNENESREHENE&ER
BB FR MY RAENIE, ATIEELE L REurI e ; ey LR R E
HEX LR EEAIERN, NTTERALTRTREHEAOMNEMREN. R0, X TERERIKE,
AT &R FEENEAENN Y, FEENLTHRHESHESE. B XEL%, AfIEL
BB X LLEBFAERSHRE, WXL B SNSRI A LB HFIE, R0k
FEMNBAIMAERER:

1) @B RBREE (550 %KENIER) .
2) AR (FSHAURBEILESE) .

Ky RS E T2 RN, TSR T L8N, L3N MmEY
¥y R g EE B E EREESNBEANEN M FEBNE. BBt eEBaEEr
), RFRREHTHERHEAFRSRENTFSARNESTROXER, BRIPEEENSY
J 1) PREEGEE, ) MEGENRER 3 BRERGE O hEEREE.

2.2 WP BTH IR EEE A

WA R T ARSI IREA NN RERMN, BN T ARESR
i B R BT EEY N 2R . RSB R i S BRI, HRBEREBE
R, BEEHLTE AWOGN SR T 4. REERERAFBEIMRT X WR RS H B E HEH
Rk, TEBANTRE RS HieSCREIRfEERE.

2.2.1 AWGN f5iE(Model I)

AWGME I R A ER BN P RS —f, F5 x(O) ZfEE () Z M A

y(£) = x(O)* h() + (), P n() BERARBILTRE. SENASERNE2-26R, HiE
" LESNR (dB) R4S E RIME— B %
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WHL KT

SNR
—» AWGN
n(t)
x(t) ;\ y(t)
> >
2.2 AWGN 5 E REEH

2.2.2 A E 451 Model 1T)

RASREENSRAE: $RMP . ZARNNE (1 MR ER (0, UWRASRE %
(LAEBRELSNR (dB) R7R) « BT AOITIBTT &0, 155 x(f) A5 A1) Z S B %

Pty .

W, 7) =S, (X — T, (1)) + 1(e) ST 5 71308 T LB AR e B8 S B— - AWCNE A
p=1

A, S BEIER BER REFR AR RS0 {7, ) {o,) B2 357R. WE2 2, HPshR
RAZUEL (dB) . FAISIE M %S % 0™
SNR

x(t)

r‘h T, > —pr_i .
YR XY N ﬁﬂ)
E /+\ ¥(t)
] w b'

& 23 EmilEE

2.3 OFDM {5iti{h+f
2.3.1 B RA RS TEHA, A

BEGTRREFGEENIEHREER/D, F2HRRBEFMSE “BUKN” . EREN
A
1 RPBMBHEERY, IRAYWE X EYFEIER W k&,
2. G EMFERMFELRES, XEGEMGTIAIRLEHRK.
ERBZLERL P, SR TRBEHAR NSRS, BETGEER BTN, BT
FIATE BT, 2 AHES.
2. 445 tH T — ol R FIEMG TR
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AL K F R X

1y |
o ! iﬁ_i% i’ri%l
s(t) v r(t) | | ;{z
! ) i
WE) < H(jo) - v
p(t): NP5 ) 1
s :&EfEE P OS TS

B 2. 4 —REEB R LY
AR R RS S T R
r(t) = s(£)* h(t) + n(z) (2-4)

RSB () RS BT ARBR: B(E) » R ARHEAS T HH 10 ) M — R B (1)
(AR Z EFEEBER, NHAEFEERENRENREEHBITEEMALEERE S “4
L A
.;(t} ={s{)® n{t) + n(HB K™ (1)
=S(E)@h(1) QA (1) +n()R A (1) (2-5)
= (1) + 1" (£)
HFE Q@K (t)=5(f)

Mg, FEGHSENBRERES r(@) PR EEREERN H(jo), M
MWE—NEREH (jo),» 553

s(t) = F{{F{s()}- H(jo)+ N(jo)\- H jw)}
=F Y F{s()}- Hjo)H o)+ N(jw) - H Gw)} (2-6)
=s()+ F ' {N(jw) - H (jw)}
]
A(jo)
P (IR H AT UL T 3R —:

1) E{giEfh# Blind Channel Estimation, BCE).

2) B E M1t (Semi-Blind Channel Estimation, SBCE).

3) FEfEEMF {Non-Blind Channel Estimation, NBCE) , BB HITSiES
¥ofthivt, WX HARE R R S (Data Aided Channel Estimation. DA-CE) . ST a7
Fib S FR L IR IR B AZ 1B 1T (Non-Data Aided Channel Estimation, NDA-CE).

EE W RfEIEM RIS N 3 M BRA. BT BHESHE. FAVEETIm Y

Hi H(jw) =
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WL K+ X

ERMBMIHEIE.

HAE AT LE RSN AFTER BRI S, WS T RANFER R Z,
HE T LAEW RS S HEEE R TA B LHEHRAFEEAETE, ALIESSIARNEIR,
Al BREE ST AR IR L (T h TR E A H ST [R)) , & NGRS &,
R ESHRGMNRE. BEFEEEMTTFEENMERSHRNATFE], S008I 5
RSTARIESS T, SR ESTIIREneRAK. XM HEFERF BRI T3R8
AEria R geT 4, HEHEEREER, FrRlxBEAEE.

— B OFDMA R M RAKE ELTHE SR T WEREN. MUESChLEREIRT
R BRI IE AT

2.3.2. OFDM RN G EMN IR

e “F-OFDM &1~ F B (8] i IE S P oK, [F150FDM 7 48 B W & WU 0 73 P2 4% [ 46 (B 3Rk
md. REENERE), RNLHAE EBEHEEGET. BT TS EHINAEY, X% H0FM
REHT T 2T S5 SR AT .

AR - RUEMNHTREA, —HEEANMGERTRELEENSEHRE, XRRIE
CRRAIGFES), WE25a. B—REE—ANFSHRILANFHREBA - ISGEE, ZHR
IR e T WE2.5b, HRECH LR ES —ERTERMUE. - -BRIEOFDMEEEDT L&
R T, ATLUAGRE — iR R PEERARER, XEHMET L E AP ESET
EiEfET. WEEMHRERIERT, MR LHNSFFIRIT T, BAPMeME RS
BEREARHTEAE SR E LOEES Y. BleERNERSPRMIS RET0sA, W
R VIG5 (915 £ BRI MR AT T

200 009
R o o B o e e P
( X XK X X)) 400000000
> Sl S 0e 1 (S N R ge o
XL XXX it abaddat by
' ‘o0l oele 00000000

<o
A._.L. . |_.L..L k. ‘.L.A.L.

.§
Bt 1 I} 15,
Ba B b

E2.5 MBI\ ARIKEA LI
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Wi K #8118 3

X(K)
™ LERE [—

Y(K) 4,,_immmp( ﬁiﬁmﬁHP(K AL
Iy it H(K)

i

1

P(K)

B 2.6 OFDM {Z i ftHsi sy

2.3.3 HT 1EEE802. 11a HMNL KT OFDM 2R 45 IKHE 18 % v 8 1

S B T IEEE802. 11a il ) OFDM R KM B A THE S R RAIUS T R Bhiss#,
HAZERNAREETAFENEEESE. TEHRINIKRE - FET IEEES02. 11a MK OFDM
EA5e0k INF 2 ) o

INEES JRRamIpIN:@pd EEInaife'RI0N mEEpBAINIEIN pPOEN
IRJIE JSNANENINiwEd RAEDOIgN RINI :ampBlilNddraE WhOES

-----------------------------------------------
EllEEIpRiALA
llllllllllllllllllllllllllllllllllllllllllllll
IIIII e NirrmiOd SAVEEREQEU I A5 ERFuatiNINON wAdAE
| R T m Il inAsguilimrusd Satendluifdis  awywSdddmanny wodaAm
Bma IRi131 »ERbALLIE'RI] ROLASIREIELLs IWFFEEEAE1TIN DI EA
llllllllllllllllllllllllllllllllllllllllllllllll
.............................................

AIREINILIL SRR RN RN NI (2] [ FAESUDRFEINI LR RON INORRL)
................................................
ININN vaSOEMTRDEIENd EEIEmagEui Mild | mmsuNiiSNngm FAc00 3

TN
32 sub-carrieny vy

Pilot

& 2.7 #-T IEEE802.11a P 9 OFDM BB 55 4y

2.7 p YRR RNE, MRA2R S, ANRARKEEERENSEFFL ©a510
MEWEER, FTERBRER, SEEMA R avto-scale ). BERR 2 AEHENKNERF
A, B EERARGEMS TN ERAIE T, BT RRAE signal FEN data 5 7. MEE,
M signal 75 HIEZIE, BOHFSHWIHOENNSE, SN E 2 53E-21. -7, 7. 21, §4
HRZVER, WA ERNRE, ol AR, 28T 61X BERINEERT.

FTLAMM S4B 43t el LU Y, 2 TIEEES02.11atHY FIOFDM % 45 (5 18 14 +HEE o) LA
WAL R S8, T4 MRS IBEM

(1) F NG5

BTG FEREEGIIEEBREAWRE LS (Least Square) B, YRFEROHES
LLFH MMSE S35f0 LMMSE 2™, At Ra s, BEB R EIENEEE. EXLFEN
A RARME T RBI . USRS R E S A 48 M FRIEHIEE S8, AT -1 &
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WYL RSB L3 50

iz R AT MR RAB BRI AT, B84 KR EFXA LS Hikf v BRI LS B S84 FRE b6
ESRRM PN, RN L RIEEIEFF ST, Fal LIFI X 48 MERFHITINE, BAEAK
R EBER . X E ST LS EVANH-TE T IEEER02. 11a A OFDM REEHIPERS.
XF LG B B AN ERTE S 64T LS Ao F0A)H A N 4595 5 B A 34T LS itk RE.

FEWT: F9EBWmED FFT 2 ERE ST LIS R

Y=HX+N HP N B B%RA (2-7)

LS W BFRRAE(Y - HX)" (Y - HX) B/, BEHP LEH AR THYERE, HAEG
Y=[¥.,Y,. .Y (2-8)
H=[H,H,....H,J" (2-9)

X =diaglX, X, ... X ], disg RFrHinm
AR R LS s E AT

H, =XY (2-10)
nlbgs 20 YN S TSN Dy B
Hm=[-}i,i, ....... ,—Yﬂ:-l—] (2-11)
X, X, Xy

TR RAFE, it iR EE WA R E RS BN EH e MR, e
WTiRE . LSEIE T IS IR E (MSE) o] IR R AR

\H-Hf 42 (2-12)
X
10T TEEE802. 11a tHiX A OFDM {5 S EH BRI NG FER, B LLAT L34
H = -;—[Y(k) [ X(k)+Y (k) X (k)] (2-13)

LR T A9/ LS k.
KR AT VISR P T AN T ETITRREITE . TS Bt T PR A 6,
IR R .

A) FERGBR (5 F QPSK SR ATl B iRm %
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HiL K ip X

f ~o— LS
045 F —4— LS-average |

D
0
s 5t
E28 () BEHRETIRERME
10’ - - : - =
; —9—- LS
\ —— | S-average |
10" | 1
:PQ 10 [' ) e
4y
—y S
10'3 i v
10'4 1 l 1 1 i )
0 o 10 15 20 25 30

Rt
2.8 (b) BEHEE FEE/RHIT2ZHE
Hr LS 248 SR - ARSI {41, LS-average & HEFIH 9§ AR FIECE Y )
fFEfTh. AE 28 ()M 2R NLIFEHAEDHEF T, FEBEEIF TR, A, LS-average
MR EMREL LS iF 3dB £46.
B)Z12EE T QPSK HEL I EEEVTFHREER (BRE-MBEEREERATH)
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10 . y
-2 LS
—— LS-average
4
10}
E;m&?
i
107}
1D'4 I i I I ]
0 5 10 20 25 30

15
1k 3=
29 (a) SR MRS

—— LS :
—4— LS-average |

WHIRE

0 g 5 10 15 20 % 30
fa g e
Bl2.9 (b) ZR{FHE T HEMITHREHE
REKZREENR 82, AHIEE 0~7 NMlFE S MWE 2.9 El 2.9(b)aT LLE H7E 21242
8 F LS-average HITEREELL LS B 6T, RAASHEETARNEERE K. HITLM
TR B R AT LLE H g
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WL K2R 38 X

K 2.10 AR ARIER 2 EE
H ERGHE a BEFRNR 20dB KEMEETHIREGES, KA ZERtHEY. &
Betl 20dB.8 12, RWE MW AREATE. B 2RELEBEHRIFNESES. Bc S
i LS fFiEfhihiE, B d 2% LS-average Sl fliitk. AE _LPTLIB BF H LS-average $ At
th LS Eif.
g ERR, BATERKNGEFIMGEER/R R BT R KA LS-average, B0 —I7E g8
FRABEMLT LS, M BH SR AEHRAEINE L.

(2) F) A5 =537

AP IE R REAE RS L B T A BENE L, R AR AT LAB R (5 1 2 i A
AR, BEUEKNERT, PRESANMEEREENT, HUBAIEMITEE
BUNMFHR -MERBLEEFETAN T E. XRFEHISHRGHEE., BYET
IEEE8Q2.11a PHH) OFDM {55 HA WS40, Al Rt UM EREES Y. ST
BEELNEES2RLABEINMESEBNHEN T EHES. —REE>ASHEREG.
IDFT/DFT g, Lagrange #B{EPYMBALAE T EEDY. A ESHT IDFT/DFT
fEHE. |

Ny Et 2 F [EEER02.11a i E OFDM {5 2§94 B2 Mz FRIEM-21, -7, 7/
21 ML E, TR 800 B BE E S BORBTE AW EFE TN HE S 2R Bk —1-—#, TTel
A LS vt kB3, WmF AR,
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iR N o by 154

WRJG, 1 H(k) Bl IDFT/DFT S E 04T i B B ALK 7 208 E8E R Hk) . Fil
#—F IDFT/DFT A% R .
5EXt DFT F1 IDFT {8541, 7T DA F 1S -
(1) AN JAFFFHs; | 1=12, N} RABWL N, " FAEEE KRN -N 4

AR, BREN KN, WEHHEXRN, SHRFF (s, ) ETN RN, A
DFT &8, 5754 DFT,(s,) M DFT, (s,) . W DFT, (s,) AN , SEE S
Bl 5 DFT,(s) FIF SR N/N, B M N, SEH%, 0K
(S, =8 v, s =00.8p -1} = DFT, {S,}

(2)  EHEDFT,(s) FRESH N/ N, BHEO N SES = on.n, 1}, Wx
{S'}ERNP 5 IDFT EHATLIREIFSHs, } FET N DN IEEE, L Fimx
3

k=-21,-7,7,21 (2-14)

N .
{8, =01 Np -1} = FP'[DFTNF {S}.

W DR, ATLAE A 2.11 Bi7RK IDFT/DFT WEEE:, fhit4is N S 80 4
A
RIfEERMNAGTHE H .

X
A A
h

> —
A
Y LS A > IDFT - H
. & @
o fait .HN!NP o —-i>
: 40/ Npss o
DFT
| -
A -
HN— B aniy
N!NP -
_.._P.
HhE
[ ]
—

B 2.11 TDFT/DFT NG HIE

A

HRETNESEMALEN H, M RENe= H- H, GBI EHHE R
EN:

MSE = Lo Ele”e]
N
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Hc
214 AN ARAHNCESHNEENR
214 P& a TR 3 RIGETRBEFEEMTHIEEE, B o FxR3 REETHSEHITEENS
HakEE, BbEr s REETRAGFEMHEE, B dER32HAETHSETZE
B EHREE. BcPERSPREZLTLIEIT 3 #EHE, T8 Jd S5 8 2SE RN SHi1E
THHTER T .
L DFT/IDFT #{EEES M EAREZmeER. AB 21 BRIASEERT 4 &
) IDFT L3N EHEE 64 51 DFT B8, XHERAEDE 4 MNFH LR BEER 85
64 N FRIE LT, USSP FREL KSR R EERMN 116, Rk THREMSESRE
Hgw. EFBNGFIRISERS A N U Ak ERE W, TR hTHaa
PRI TH XA T

(3 e (NRA) Bix
fE RER TSRO R, TLLAT NRA 7ok MRS IO A, 3 — b iR R TEa. 2t
AWGN BB W, %, SR E RN ER A Hy= H +W, . —RIE5 Fhis

ATTHETH (ISD F#EE T (ICD Bifd, ER{EEMK MmN 5540088 HICE, s A
FEIRA LT G188 . AR 8 IBEES02.11a iYL, ﬁ%ﬁ_i‘ﬁiﬁ%%%ﬁ% 16 NHRFES (R00ns) W)
KEMNN (64 MRS 1 FFT HIEERK B A(k) R R -
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HA, AREAFHE—TEH. HRERERTR—BARESRIIRN, HikuikmT: 4H
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AEEMELDEOFMARR FEEM I F RN L, RIES02. 11 2T His M1 84%
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=% OFDM R4 e R P HIEM R

{f OFDM Rt fyEtm. P BXENM I FER AN RS AR L RS NEEG T,
PR A 3 PR AN ) FR AR R R I LI R v BN R MR RELF IR . (ST ES —H OA1F T4
Wie, REXTTRURTERBSER NEERPHT —&itid, £ OFDM ALK P HFEEQT
LA A ERERERK:
(1) RERRFEZ:
(a) {45iE%: \FFT 0 FFT #&1EH %) —3.
(b)  REEEPshED: HlmAE & s SRR A 1 — 2L
(2) FHERLE: BUWROBRHNRE S RERHEFRSIRIM.

TEIFHMET OFDM R ML ER, H B KBS H &R RS ERK PR E.
& %

—— IFFT —®{ D/A

™
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B 1., OFDM REERMELERER
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3.1.1 FE R RE

H TR ERETFE, U BEHAASRARENHHEBY T EER TH. HE
FFT 7E3XN ARG A FFGS, BRBERIEIERCTE. WO, & OFDM 58 -MNEHE CHRES, &

RAMBIEM) OTERATE: 0 NSRRI AT IHRER: ¢, =0—0,. LER
(A2 TR IR T 1E—1k.

TR, HEEHRENEENTSSERAEA TRABTWEMESE, JFHERNER
FHRBOME, B ngLRbY

Y, =Ny H +n ., (-A+T,)/T<e, <0 3.1
R T, RIGIESNNEE A 3.1 PE a R (BHEIEEHT 16QAM B,
{EY03R FFT BIFTAART ZIANFEGRP AR R 68, TAGGE TR S W FHIRH ER . thrt,
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R IR RS A B AT LA R Y
27 (mi Ne, AV =
Y, = /2N _ﬁwﬁ X,, H,,+n,, +n, (i,n) (3.2)
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