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3 Bk BH F ik, 5L OFDM F= MC-CDMA, B2 B AL—E MW T .
OFDM .30 R E X MAE AR 1970 it —F A Fik, £+ w 3
APBARAFRAYTFREFATRESN. IXTFREEAEREY (F
HRBHRY) Hik, FEdt, XEEFFEHBREZTH. 5% BPSK.
QPSK # MSK iX # ¢ 8 %) 5 k48 1k, OFDM X -3t M At & k vy A
T, 2RAFEBRF. SHHAT, OFDM & %kt Rk H, REHEAN
FRAGFERSG ), NREFHRELEEE, AHTRFERT—
A(EER) FRAFUGERINENFHEKD GoE, XEFHE
MARKFEX., XA XHGZEKT OFDMES, A FHRERS
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AT RM OPDM B FHN IR H, WHAMKFEHR & (DAB).
ETEFARA #HAFR (DVB) —HRSQGKFEREMN & (DTTB),
VA B J BT 89 K. 25, B 3% W 478 HIPERLAN/2. #5)  #& DAB ok F Rk,
ASEERY, BHBKLSBERAGEELSF, AFARFontE L
BREH. DRAAALLTZRAHRLCANBHIBKERIATH. 22,
DVB 2A L2 HHERABS S R BN 56 HREBNF. £
IFA’99 e FREAN S L, #XA% | ZE G4 IDF DL EH
BT TR 2RB3HEE £ %18 =134 8 i3 —A4 OFDM DVB 44 35 47
BHRERE. ©FRG KL FNAE LR, A 8 k 9 OFDM FH &,
AFREIXE 50X E2H )M AM4RD R LG EF RN E F &) DVB,
Bk, LHAALAA S EHY Bt Ze W R &y
L, RAZOFDM R P BZ—, Eh—RHELHIRRE S BELK
HELEG PRI —. AF X THEREHGEE HHE4E OFDM ) —A
HE, ERIAMMEGH EHEBRF T RAARENRSG. HEL&EK
OFDM FHRE AB M E M., AXHHEALT, 24BN
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B ICIHABRSF. ERBEAFEBRNETEZ INARBE(NZAFHRAY
AN, EERLELENERIFS. I—HBRTFIHFE—AFEL,
25 HKABRERYFEFTFRFREZIFS. X—4REERE4ETH
ROBEH R EHRABRARIMEY, TRARBEMN T ZEK C, T
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%4 — A~ OFDM 3 & MC-CDMA A 2 4%. HATHEKBA-AKEA
ReGIET L%, LERART R, €483 (1/F). & s=[s,...,s]
ENAEHBAG AT, TRAMSERGEEHRELFES T
5

x(t) = kzN‘:s,‘ exp(i27zf kt). 1)

NTFHREFRFETEMREZHE%RF (ANGN) 128, KIHELE
ot )43 5 T L A

y(i)= zN:sk H, (t)exp(i2nf kt) + n(t), 2)

k=l

AEPT1<k<N 2EHLAOREFKATHREASOET T RERE,
n(t) RESFHFREENEG—A AGIN. RMMWEAZEERE T, KA
BRI A BERFETHARE A B EALTARFTEEA. &
QER, KAV RFFA H () ZRAH 2 Mo A

Hlt(t)zHk(tr)+H’k(tr)(t—tr)’ (3)

EF B ()R HA)SH—B54, t RKIAEER TSR
AwN, 2EARSYHRERT LG, HEEE HG)LTARAXL

REBBEEEN.
KEHEBETR—ARXBERS t. R FENFLHITRHE, €
BANAMEHAB AN —3ly (t,) ,y (t+T), ..., v Cte+ (N-1)

T) ] (E9F T=1/ (N£,)) #47 N P&/ 2% #k (FFT). 4
vV=ly,....v/]'ARNABERENTRBELAHRGEE, T
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Ve = .].t,_:?:' (¢, +nT)exp(~i2mkn/ N) . )
n=0
# (2) KA (4) FEAAEM (3), £MNEHF

N-) N-1

Ve =aps, + 2 d;s; Y. (n/ Nyexp(-i2n(k - )n/ N) +n, , 6)
1=0 n=0

a, = exp(i2nf Ito )(H, (t,) + H, (8, )(t, ~1,)), (6)

d, = exp(i22f 1ty )TH, (1,), @

5

E¥n, 1<ksN RAAHIFTECHANGNHGHR., RESHBL
X (5) BER—AMAEREBX. Ak, RMNEIXLTAEHRE A =
diagf{a, ..., ayJ, D=diag{d, ..., d}Fo— 4 NxN &£ &

N-]

= Epalrns By = L0/ Nexp(-i2(p =/ N). ®)

n

10
FRE -+, £&ZX (5) FHT

y=As+EDs+n, 9

EFn=[n,...,n] ZAWGN 8§ — A Nx1 5 &. EZEBR (9)
15 F, FENPAABANANMLFK a=[a,...,a)' Frd=[d,...,d]
AT, BTFHG) + H,(t) (to - t.) ~H (t,), BhZHa, 1
Sk<N, FTRERERAEYGEREF#HHERXHEMAE exp(i2rf.1t,).
F#H, 2% d, 1 <k <N, FTLREHFEARIBESNEFHE
AR T HRAR—AKEEAL exp (i2nf.1t,) 33,
20 AELSREERMEKEER T (L2 d=0) 4L EAR ICL
E—-FRBEXZ dPFPETHNNERSET L. REHAE, #IE (8)
X, B—ANMEHA-ANRENZRLEESE, HA
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v (N-1)/2,  p=g
p.q} {_(

T i25(g-p) N Y
p.a=l P l_ewr(q ) )’ p*q.

EXRIBABEGEMNEIRE a HERE (X)), & d IHFHK

(%%), EMHRBRERE. EALEAAX P, stz totmi
5 BRETAZHE t.8 (FE—A) %, FARGEBERKILYG Lk

ZEEWL, t BB ABER ARG OATH. kR E P NEHR.

MHTEAMPRLES t, TAKXLATERE THEMET 0.

ATERZXEIMARGREGEABZ Lehdlim, MEE Rk T4

LERRBEUEL, AARATFRIXON(FEFEL). EXTAX
10 #HANFALKLEGR, FHBIFCHEI AN LEREEAZFHAEY
fEF B H, RRXERAERARGFTE, RAEEH—H ICI AA
RTREBMEREREE R, L2, TABREHRSIUTLEAL
#
1. — R B ET T REFL(ATFRENANELZ FEINRE
15 ),

2. HFHNHBETR-ANAKESEAE, LEARFAIATT
A—AirehiR, mRGERAGIXZ - ABEHABRK, TF
PR LA X — 5 RE], #lde B B2t 1CT 69 & & 347K AL Fo B

Sk FHE.
20 . A—ARBREBFETEREAENANRFLA T, BT LA TRET

HikE5.

XA FER T A A Nlog, MAZ N kEEEHL. E69i
TRAXMERRITE. ATHAEE, EESEANE LT KA 283
M TREMA n/ (c+n’), EF n ZRE PGt T B EA

25 HM T, ANBFEERLBEHNABRIE®RFEPHEFIAF
M. EFEE, TARARMGERATEEAT ATV b % o ek R
ok ¥, BRRTFEEEF.

ATRBEKIGES, PEFHEX—AEARKaf d wEAH
RIZENRTHNE, FESRIXINARELARGEHHEE. T4,

30 HAVBELCETRRAGE, A (DE-ARMTESHARNTS
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AERETH, EZIFFALT, ZOK (6) F (7) EHF A

a, ~ expli2af,lt, )H,(t,),
d, ~expli2af,It, )TH,(t,), 1 < I<N. (10)

KM a. dXFHASHEHEZEDELYE, LRAAZX—AK
5 MR {t,...,n), BEBEZLHAB(L,... LI PLAHBA
{h, ..., ht, XMes kA, 2&, FEREARLG% KR TH
stitiRfe S5 S HHH, LVHERF/ S EHHRHFH hatd, LT
1<k<K EAFPH#8RATHAFARERY/&3E. B, XMNT
URE—BRHEWBEt =0Fff, =0 AL, FEHEARLE H PE

10 HFEHN , TAEK:

H, (t)= ih,, exp(iZ:t(f,,t—f,Ir,, )),

H,()= i27r§x: fih exp(i2z(f,e - filz,),1sl<sN. (1)

(10) #= (11) Z MW X ZEBHARFERE aFTH AN
TR, RAH 2RI ERBRBERRSSOEHZ (ZARFAT
15 KOON), X—AAHH W), (D} < x TRAHEARZBKRESGHHH
. I, B{h) << ERMBE, FHELEHEAATHRBKRG
1%, T’TYl‘ijﬂﬂﬂ{Hl(t)}lslsnf"{H,x(t)}l315145-1;7]:5%« B XFH R
T, $F apd TAHBERLEHTERINEEETELE, ELAO0TH
i, A5 £
20

Elaa® }=C,, Bldd" }=c, (12)

A BE{IAFHEFMPZELHA, C.H CRZ NxN BAF R X
(Hermitian) % .
C.Hr Chtg—AEZHH) 2 1974 % John Wiley & Sons A FEA 7

10
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% Jakes BEM (MEBHBIZY ZARHHAGB I EEF AL
A, XAEA (W4 Jakes BE ) BERFAGEBRBZAA R LG T
R, BEERINOABREARBZLAYI»HOANTA. EXIFHFRL
F,

! <pg<N, (13

1
C,=C,C,=y*C,y* ==, T),C,, = J<
i 2(@(‘) * 1+i2n(p-q)f.T,

AP RS EHBTFENORE, TAREBERYEABITHR., REHA
LB 5 NEHTHIHiEEEIBRINE,
EAERAPHEERDIRAELZA 2N ALK, EFREEHE
Fdv, B—HBRRBETHBERFREFTFRFREZNTS, Z—H
BEERE aIFBRABMEN, HEBFTEZEH C.ES AR EH
HAHREM., AH, d9FBELRBRLY, BFE£EKC,LESH
— AMMEB-4E A S L. AERAE JE Jakes Ao (13). K C#

C=UAU", (14)
EF URAKMEELZNH NxN 2488, ARCHRIEE{A,..., A8
NxN EXf f4EHE, BREAEMBORAFEF (A, ..., AJZIAFHARR
¥ /5. T Jakes A, XIANAFFI LT EAIE KA G:
A, ~exp(~ f,T,k), forl<k < N. (15)
XA, AEEFIIRBAMTR TG r MNEXEHAHWIEM:

(A hy )= {A, .., A,,0..0}. (16)

FESEG ERGHE (LERBEFFH) B ZHART
HEBHR ICI A HEORLES. BR, AR ZHE2hER

11
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BIABBRHAORAT, ILBAMKAEBALLTTHROEK
M., EFRFEREBRAEERBEZ G ERNSFH(RIEG) BETK.
2%, XFRERERLPATFAERMERER LR R EA.
H1RAXAFEAHSZAG—ANMER. IMAEKHEZEOE AKX
5 HHM 10 Fr— AN 20, AR H RZLEE T L OIEL LI 10 Fodiilk
20, KA 10 @it £ ZAZE BB 20 L5 — NSk 5. X
MEREAETTEARZ—A OFDM 125 XA 2 — /A MC-CDMA 12 5. 3K
20 A —AMRE 22, ATsRI6EERESHITHA, LFK
A SREAETOHERINGBANLE. AR 22 TUARESE
10 "FEBERER. BRIHEHAE T HB AR 22 THLYHR 24,
HERE 24 WRAFTROUEEKINGEREAEZST T8 ICI £5. ¥4
B 24 BT BT 25 (CRRAKIGB LN L THRIG) BT
WA (B RBE 2. MEE 26 T2 2R T (ZABHEG)
BEMNEECRETLERY, Plo— A FECHERLE, 5 (H42) i
15 B%EZE (KAL) o/ R _HHET (BAE)., BREER 26 94 542
FETUAREHCEA TR ANGBT 27, BRMN 20 £ 63— M2
i 8 28, AT -FHENEE 29, LB EHE B F X 29,
¥ER 24 BBAET B AAGZES TR 28 RBALHYHER 24 BEE
Ao 229 WK B ) 5 HokAE 5 F @669 ICT. 42848 28 TR
20 EE—AMIHERE, ATHAKINGAT 23 Bk eftitd 6
BA2IHAXZFTELTERAGBERFH 290K 2.
BMELEFREFAE AN ZEER G A b F oyl ie &
T EFEH. R —A OFDM HBMEF E, AmEeREEgTE
Wik REa: (REERBERIATES—H), mA (F1E, Flebi
25 ARAEAZ R ) BT HMAEHH S (£ OFDM Bl M FHF R EFL),
AL R PRI T Ak E A&
. FAEEQ=4+Ed, AFatd oS A TREMRFRGEH.
EEBKEM (BB (9)) kF4ESy = Qs + n.
. RE¥R stERs = Q.
30 EH— AR YRR, SYHE 24 EREREEEQy
RTAR, B 1 T Re4ER 20 TRUREEZIHF AL BRERM. X
T QORI T QHE. ZIRGEIANBAFT R, E—HOEFE TP,

12
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QR 1HERRHE, E—FMSEEZEY, QHABHBRAK; =Qy
= Esly, L#kRAHLE y, s GFHHZ. IHBAFARREY TR
Ells - s||"®&Ad. EAREMRIY, ICTHAREKER, 2%
FHAK, BHLFERAEHLER. MMSE e BH LR F &K & ICI
MBESRE., IABUNEREERYIER (BAFHRLENG) &,
CHRHM TBAZEAFIEH .

TR BAAZRBBERM., KLl FRer#LE6E
i AE R GO T AR A @ B XA R R AT L, e

. AR, RRASARNXLEFHGRITHNE, HFEM
W, FROE oI5,

. —ABAEHRY, ERAFRBYRAAERDS, FH-AFE,
KA ZE BT MC-CDMA, ¥ A BB A AME R, X235,
T A XA A TR,

B2 RHEEABEI—ANERFENIER. F L RATE KM 20
OHE—ANBAR 22, ATk 3 ExZTHTHA, K0 2K
KEESOEKINABALHAE. BAZ 22 TURAREEZTTHRE
ZR., BALH S HERETHMAR 22 RELB XS 32. &S 32
MEAATH SR EAETREOCIEERING ZRABET P4 ICI 94
i, FEM ERAICT BETHELLHER 24, ATHEFTHEF
WA, FRBLIZHEAATE 28, HER UETURLE—ANRBE.
MER 24 ARG ESRR T LI, CAGEATE 28
BYHR 24, HER U NHEETS, CEATEEAOBIHLE,
AT A FEE 31, I, HHEZ 24 AR BEESTAARBLEALCH
ey (BFEZABE) 2448 28 TRANBESR
BRE] S8, 4ETH R E 20 IR WA R 24, B R TR
20 AT FH R 3. FEZI KA THAGFHEEH B RAK
EaTiE, $HFINNESRELEARBEREGERE 30. ICI
HE R GRS HEE RS Bk B 32,

AXABRFEOEABZE, TUHBE3IFHEFS—AHAZ
BAABEMN, X2, ZAEBEREME-TEIHRMBAZ (FE2AH
H) Z5BE0EY,Y, Y. MRGE 26, WREaEH 42 pEEL
H(RECAEHHERETEIN 94 RERGAAILK OFDM
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BEMGEAFXAAR. EXEZHEGEEIP, KRMNA Y. =Y, - EZ,
FINTAIT R KRB ICI(EZ) 9 — 4wk, £XF Z,ZAH TSN
— g, BFBR L0, L, L EHREN TR, K 7, = 4. &
BEBEHRERBER 7, E ICI, BAAHF T HEG4FEHHMAY, ¥k
*. RAE%RF. ICI ikt 28 T k. &2 504 M FM ICI £t
AH TR ehRBELRERE, RTAALERAPREFELLY
M, IHBOHERTREEB LR AT SRR, ELHEE
B, EVRLOLFFRGANKER. BAE 54 AoAA TR
KFHEZEHGMT, FE—ARFSET Z,, EHA—AAFAGERY
& (i) FFT. (BR—ATA%EH) Kk FFT 9 RERA.

BREX -G RPEERBF AR, PRARNGZATRET A
R REFLE. ZNMAE i FTEROEAT I RS —FERF 3
77 %8

LA WAE Y, RS i-1 AMRERATa (-1, FHEAH
d(i-DA&Efit:(G-1). EXEHEFTAGEEFTENR LS.

C AFENEFIG-DREEATG-DHE Y.GE), AAKX
Y. (i) =Y - E(4(@-1)53-1))

CEHFANYVDEARAEG), FBATR (BFEAASE) A
A — 8P e e R A

. Fe B (D)

. R  Z2,1),2,(1),2,(1),2,(1), Z; (i),

(TR R, BYEAESE) TRAMNN T — W PR ERTHK.
XS RGBRANATFTRAFEZI NS E,

i R ERET (), FEAET Q) FRESTS ()

FHKERL20XKFa(0). 40 F5(0).

BABS0BRERZ =MZAZKEdsHEF, —FHEFEH
XA F MMSE 8 ERX B AR, EXFERAT, M, —FHEHk
BRASERE(Z, -ds) 2] = 0, & MF e EX AN T RLEND LT,
EF e =as—gs5. ZHEAFI
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