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F1E IZL®IC

R DIERLEE S AT LIEEIZE ML X 243 SAFRET A3 F DOffk & e Rk 381256
INBZETHEDI->TWED, ZONHOUFEENZTOEBEZMML IS Lz &I
EZMOFEDIITRVDATONNORWVWES BRRMITH S, £z, EILEEIZETEEL<
DHRIETIE, FPBERITE, U —L 74— 3V, Zouihts > = EERM I
HRRINTVWEZ & d, A REBSUETFIRIINT Mgz 585 Z & 2 N#IZ L
TW3eEz 605,

BT A 7 ERGOR (S D A5 5 1% I I BUR 0 = D JEIE % 5 DR AE U 7= g5 5 T
D, FOESUHEOMBEIZEMESRR (R—ANVR) TEZBZIENFLAETHS. &
BUTEE X N D EAME R LU REBDEZTTH D, TOART MVIFERFE 0 OB L
TIEE DB TR TH 205, EOFPEBEIRIZ BT 2 AT MVIEHT U B ok ik
BEaRLE UTEAMEE Z2 6T, FMERRDESIEBICEERE LD, 207D,
IEROEE DE S D% < ORETIE, HEBDESIIN U TEREOEAREZHWT
RR2 MR ARAT S 2 25, —F, 2o DEFER D EMBE R PE T BT S 0
RETHRLREVDDZEINT 2HEND LD, EEBEKIIEMERFTTERVWZD,
W, EEBROEAMREZ G UVEBIEOH /1% 5 BB (2 2 bR HREEUR )
WZOWTOREMEEZZ 22 Z 21205, Thbb, @EDZODEBUETIE, EHED
AHT—, RZ M, HEWIITHZZDFEE UTHOFEBEDEBDEKALD 2\ L
IMEEZEZ B ZENEANTH S, AN, ERBOFIEIR L THEBMEZ & 28U —
FRICIER] (EEMOTEE) T3, THEEOEHER RN ) F 25 L THIMERBEBGR O/
IRTCIT R 7 4 VR ERETERVWE WS HELD 5.

ARETI, FGHEEPESUEOIEEMR LT E 2 NG e LT, HMKRREICINT S
BRI R E BB TR OWTIS T 5 Z & T, BEDESBE Y AT LATHOWSONTWVWS
BRI DG B I & BEAE T 5 72 DI BB AR ORGSR %, R DRRINZ LS
2ZLEHMELTWS. £9, ZTDOOMEfL LT, WBEDFEERY AT L ZMERRNIZ
O &S BIZHAW S NS HFEE TV Td D RO FMHIH L 2 0 | MBI D AR
BRMEEIZDOWTHIAT 5. £72, ERUBED O DESUIIZE T 2 BB a 2 B
DieKAk, BMEZE 7, FEERRERBEERK, HERT ML K OEEITHICH
DT DDA (T4 NT 4 U H =) IZOWTEFHAT 5. Tk, AR
FREL LT, BIRDDH B KRR ML x 1R U TEERMOITY] A TRIBERI 247 - 72 & 12,
HEDNEMEM S v 22 B> TBIHISNAERI Ml y = Ax+v RS RFIRSY ML EH#E
ETLHMEEZEZD. ZNIERBINEEEFEOE TV TH 50, S0 @EHE, MIMO
(multi-input multi-output) [FHML, XA N—>F 1, FEkRE, 22—V —2ik s, @
BIZP D% DESUMOMEZ KRBT ENAETH L. £72, MUETIVIZBEWT



2 Fl1=E LI

MIEBIIDOITH 2 KL 35 2 & T, BRRAMHEEX T 7 1 » F@EHE R TR S
HINFF Y ANVETNOMEEZERETHILLARTHS. TOETIVITEDINT, ZF
(zero-forcing) HEE X H/N / L L fiff, MMSE (minimum mean-square-error) #xE, JHFE I+
WhRE, BRRHERMEEHEE, RS, RKRHAKE o 7l MR HEE TR D S [EMi 2~ v
VIR EDIBIH UWFERE CTHATS. £/, TUAESUHETESMEI NS T %
FEICOWTHHIT 5. X512, TNoDERNZFEDSHME UT, FP@EekHt
R, MIMO {558, FERGAHEE R EDEAEBIZDOWT BT 5. mRIC, ZORE
DRVEEDPAR A LZRIZEOFHATIEL VWL DO XX EENT 5.



B2E Eim

ZZTIHHEMfE LT, ARCTHAT 8P ORI, BBROE ST IEZ MRS 572
DIZBEIR N D DEEMERIH, BRI, MEREROEARNMEE &, JEEHIBIZ E5R
B, EHRENT MV, BRITHNTHMDTBTE (V1T 4 Y H—W53) ([ZOWTEHIAT 5.

2.1 K&

ARTIE, ROLS LKL EHVWS. RE CIFENTNFEREEREBOELEEZRT. F—L
FIRDINTAZIFINR T DV, R—)b KD RKXF 3752 T ehkd. ERIRIE* T
U, 175, ~"Z bV OEEOEFEET, HRHEL T 295, diaglay -+ an] idar, - ay
EWNABRSIZED N x NOWATHZRL, tr{A}IFTF A DML —2%, det{A} &7
5 A D75 %E RS, BAATHNIETL, FETHIE0 & U, XRD»S U 1 XHR 005561213k
IR LW, (all, (p>1) @RI Mvad -/ VATHD,

lall, = (Z \a#’) ' (2.1)
=1

TRERIND. 7z, |lalloFRT Ml a DIEFERBEZEKRL, -/ VLAEIRERI EITT
B, EEEALIZ & U, R{Y, S{}REFNENELL L EHEERT.

2.2 MEXRBEEZOME

WBED-ODEF BT, HEPEMLBFEROMEELZET 2720155 % MERNIZ
BOHES Z 2B\, TDEIRETERETE7-OICHVSNLEEEFEE T IHBHEREFET
Hb. HERBRRIZZNZFNIZRZD G Z 5 NT-HEREHOELA L LTEHEI N, Mo
BHEEE S INIHEREHOESL LT {z(n); n="...,-2,-1,0,1,2,...} L 2hhd
(MEEIF DI E IR & EIRIEND) . LA oT, Wdln % 5 HEDMHE ng IZEE L
72556, x(ng) FHERELRTHS I LITHERET 5.

RS B EE C IR AT 2 RO 27212 x(n) 2518 T 58~ 2B (£H)
T EZDHD, T OBRDHAKLRE DD x(n) EHEDFL

me(n) = Ele(n) (2.2)



4 HoE  EfE

THdl. ZITE[] FHFHEOEMEEZRL, BARMIZIE, BEn 2EEL 7% o(n) HHER
BEBE p(z(n) &b DR LB DL EIZIE

Elz(n)] = /if(n)l)(ﬁﬂ(n))dfﬂ(n) (2.3)
R34 P(x(n)) 25 DEEEIERZH DG EIZIE
Elz(n)] =) x(n)P(z(n)) (2.4)

LAEEND. BB EXONOMBMS S, WFNOBES Bl BB E 65 2 ¥ 2iE
HThD. UFTH, WHOEDERORL n ZEE L7 o(n) Hie ClEHRERTH 2
Li3.

R z(n) O (H ) MBI

r«(n, k) = Elz(n)x*(n — k)] (2.5)

TEHINDZ, Wiln Z2EE L2 ED x(n) & z(n — k) OFIRHHER D A6 O ER L RIEK
Zplz(n),x(n—k)) &35&, ZOMHEIX

Ebmnﬂn—M%i//meﬂn—MMMMwm—kamMMn—M (2.6)
LREENG. £,
ex(n, k) = E[(z(n) — mx(n))(z(n — k) — mx(n — k))”] (2.7)
ERERIBTE 2(n) O (11T SEABIEEE W 5. BT,
o2(n) = cx(n,0) = E[(z(n) — my(n))(z(n) — mx(n))"] (2.8)

EOERE WV, SEBOA R EREIEE 2 JGEFE L\ 53,

(2.2) DT —ZHRL n ITHRAFT B 72 n 251825, (2.5) ODHACHER (2.7) ®
HoEoE—BRIZZDDRZn & n— kIZHAFT 5720 n & kEZ2518I2H D0, BIED
M TIME S DM DRERIAIZZE LW (BB 0L, BN TR DMER T =
%) ZEeNL\. EEEFRINIEKEET (me(n) = my) , HEHBEBEBDERZE k DA
HAFT B (re(n, k) = r(B) & 572, SV 5L, T e H OB LI O S
Thn—=n+ LY HIRELREVWE S &, 2EFRIZAZEHFER LTINS, 512, &
DIWVEFMEOERE UTHBEEENH 5. HERIBFE x(n) DEREDOERRITH A DSREL] D
FY 7 hnon+ Y2/ LTAZDEE, DD,

p(x(n), x(ng), - x(np)) = p((ny + 1), z(ng +1),- -, x(ny +1)) (2.9)

iERABII KL ET, TOERMERNLFTRET208HEHTH 220 (BlA X, E[X(n)] =
Jz(n)p(z(n))da(n) &), RWTIX, AHT7—, RZ M, [FHOXHNZNCT, KXFORZLTIT>TNS
728, WERERE ZOEFHEEKMNTZ LR A—DRFTLEMND Z LIZERT 5.

LEEIGHERE LT, ARTIRHEREROEFTEIERBE 5.

33— AR AT E IR TR WHEREB L 5 5.




2.2. HERERE L ZOMWE 5

DO INLD L &, 2(n) IEBEHE ML IEIEND. my(n) & ro(n, k) DEZRIZAAT S Z
T, REBEEHOMRBIRIILBEE THALZEDNELILHRATE S, 2720, ToOMi—
T D L7278\,
WEDODESWUITHERBEIEZ2E R D L EXTDIEL A LGEITRHEEHEEIME X
NBN, EHETHROHERERE GEEFHERIEE) ORIZIEREIEED S 5 51l % £ - T
2T 2L50bD0EHD, TOLIBHERGRDETUETE LIXVITRHEINS. £
DRED, FMEFHARTHD, EHELFARIIAREEBOEE N H L. HWRBIE 2(n)
&, EREOEB m XL T

my(n) = mx(n +mT) (2.10)

r<(n, k) = rx(n +mT, k +mT) (2.11)

DD e &, AT OIRFBFAMEE GR L MIENS. FlEEE2fHTsZ LT, 2

ROMEHEE AN T T4 v Y AT ARE (20, 21] RILHISAE 5 DR G AHEE [22) - L

DEFWIATREIZIR D, T Vo N EDEDIIVF F v FOVE T L IF XN 5 53

HORRIZED > TWLA, Gl DWW TIIAROHPM 2859 5 720 T bA Ridfilinzn,
JREFEMEICEED H S HiE 1%, [19] REESRI N0,

HERGE(E D7z O DS SELTIE, HEARRIHERER o (n) DEB OB 5725 X7 b

x(n) = [z(n) z(n—1) - z(n - N+ 1)]T eV (2.12)

EFWTRIShOBREMET 22 L h%\ e, ZOWEEIRET2 - LIZEETHS.
B x(n) O E ST HIZ

R, = E[x(n)x"(n)] (2.13)

CREFRIND. FHI x(n) WAREFEED & 121

R«
[ E[z(n)z*(n)] E[z(n)x*(n —1)] e Elz(n)z*(n — N +1)]
_ El[z(n — 1)z*(n)] E[z(n —1)z*(n —1)] . E[z(n —1)z*(n — N +1)]
| Elz(n— N +1)z*(n)] Elz(n—N+1D2*(n—1)] ... Elz(n—N+1)z"(n— N +1)]
% (0) < (1) o (N =1)
_ rx(:l) T‘XEO) : rX(N: —2) (2.14)
_rx(—N +1) r(-N+2) ... % (0)

Y, BXNAEONELWMEERZ L DT T vV ITH eI EEEZ D, £/, XA
BRAIEETEBIZRD ZLIZERT 5.

H OB T3 < DESUETFIEIC S W THDN 2% E8 2 B2 37280, U IR
ML #FEEEREOH AMHBETFHOW D2hoME2 £ Db, &E, JIREHELZWVED



0 PR

Ex(n)] =0 LARET BH, z(n) WEBREHTH D eho—KMEEZKDLEW,

(’l‘ig 1 BREELEEBAEOBCMEETIIEIILI — MTHY ]
EFLD
R = (E[X(n)xH(n)])H
= E[(x(n)x"(n))"]
— Efx(n)xti(n)
=R

B e SHHICHEREKRS. £, BoEBIZEZ DL,
r— = Elz(n)z"(n + k)]
(Elz*(n)z(n + k)])*
= (Elz"(n — k)z(n)])"

=r

T *

EIRBHI NS

To 1 e TN-1
ry To ... TN-2
R = Ex(n)x"(n)] = | !
r}kv_l r}‘V_Q .. 70

WZEoTRTIELARETH 5.

['PE’E 2 : BEMBRELREEBREOECHEEBTIIEIEEEE

SN

[y

uc CVN 2IEEOMENZIEZFERI bLE L, x(n) LOWNEE y = ullx(n) £ T 5.
L&,

Ellyl’] = Elyy’]
= E[ullx(n)x"(n)u]
= u'Ex(n)x(n)]u

= uHRXu

L2505, |yl2 i x(n) OMEEOESUEIZH UTERT Y2 >0THDEZLns, TOES
FHBERTEy?] >0 k5. LizhioT, LELOMHE 2RI

WiRu 2TV I — MER (EHOEAF 2 XER) v, [EBOHEERZ ML ull2WTIILI— M
RWIE & 2 5475 % IEEME, AL k370 %2 AR E, AL RZTH 2 EAEME CEERMHE) 2.




2.2. HEREREE ZOME 7
BE, —BOIILI—MIHALEEDueCNIZWLT, FOI)LI— MERIZ
(ulAu) = u'Ally

— ulAu

ERABDT, TILI— MERDERIZARSZ L IXECHBTIIIZES T —o )L I — M7
FHZDOWTR D M DOWETH D Z L IZIERT 5.

[ﬁ§3:%ﬁﬁﬁﬁ%i%ﬁﬁ@ﬁEﬁ%ﬁﬂ@ﬂﬁﬁﬁéf#ﬁ@%ﬁ ]

H CIRITA Ry QEAE A, Ay & U, BAM N CSHIET 2 EEN2 ML E q =
(g1 qanNT(F0) T dE

Rxqi = \iq; (2.15)
DHD o, TR S gl & RS &
a’R.q; = \iallq;

Lib, & 512 qllg; i
N
a'd =Y lgi,l°
7=1

SODEOERTHAZI O INTHUEE T

Q? qui

A =
' Q?Qi

(2.16)

2195, HHE2 L0570 qllRyq; FHADFERLDT, N IFFADERLRS. b, T
V= MIFDI)LI—MNERBERTHEZ o, DTV I — MTFIOFEEHEIXE
Bz % (2L, FALBRRS AW ZLICHEET 5.

(2.16) DALDIEDIERZ ML q; DV 1Y —% (Rayleigh quotient) & IFFIXN 5. L
72D o T, 178 Ry DEGMHE N, ZHIGTHEART L q DLVA Y —FE WS T ENTE

o/

'z

o

ME 4 BEENRELEESBRED B CHEEITIOELZEREICHBT 5EENYT b
IFEXRY %

H CHHRETS Ry OEAE N, ..., Ay BAETHRALSZ L, BEAEMEN ISHETEEEARZ b
Ve q &35, (215) OMAIZENS off, j#i 2 RETHZ LT

qj Ryqi = \idj q; (2.17)



Aan

i R

Rxq; = Ajq; (2.18)

DEGAD TV I — MigEE L 2L, HEH1 XD Ry BTV I— MIFITHD, FUWES &
DN DBEBTHEI LS

qj Ry = ;g (2.19)
b, ZOWLIZEDS q ZFEF LT

qfRyq; = \jq) q; (2.20)
2135, 51T, (2.17) & (2.20) 2445 ERHTHZ LT

(\i = Aj)djai =0 (2.21)
2135, RELD i £ jIZRUTN £\ RDT,

ai'qi =0 (i # ) (2.22)

PRI N7z,

BE, WE4ZRTEIZ, BCHBETH R, BRIV I — MFHTHE I L & TDOEAMHED
EHTHLHZ L UPHWTWERW, LzA->T, ME 4138 BTN T TR, — D
I I— MIFNZDWTHRNLT A METH 5.

[ﬁ§5:%ﬁﬁﬁﬁ%i%ﬁﬁ@ﬁﬂﬁ@ﬁﬂﬁl:&Uﬁﬂ%%wtﬁ%%éhé:]

B AAHBI TS Ry OEAME Ay, ..., Ay ICHIET 2EART MLE qy,...,qv &L, BEHEXR
7 MVIZEBEE N TWBEED, 4205, ||qif=117 5.

9, FAEIPETREZGRIIOVTEZS. ZOLE, 2TOIIZDVTO (2.15) %
fRBZET

A1
AN

b, 27U,
Q:[m ”.qﬂ (2.24)
Thb, HHE4L4 XY

QiqQ =1 (2.25)
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BRONDZ NS, QIEFI=XVFHTHS. (2.23) OMIIAHEL»S Q2 FHT S Z
LT,

A1
Q'R,.Q = . (2.26)
AN

PEoNS.

Bk 2N ZEEETHEZDRND L D12, EHEIZFAUEZE2EDNH 254 (HE
EPHHR L TWB E WD) 1F, BEETIEAEMEOHEFURICT, ZIICEENIEREDON
I MV ZEDFEEEE S DEERT ML 5 &S RIS EEPEET 5. O 2EM
WNOEIR R ML EMMDOEFMHEIZIGT BEAE N MVIHE 4 6ERT S, £72, FHU
EAfEZ S OEANT FILOEAZERIZIE, WOTHEREER2 LI ENTES. 207k
b, FEEMHEMHEREL TWEHEEITIEZOHAEMDOERKEELZ q 2 LTEEIETVWDT
HEQPI=R VTN B EHIZTE, MELSPRINDG. 72720, TORIITHA—E
iz, k0 FEZRSIIE, 18] w22 I N\ (FEFMTAITHIHE T W2 23,
TV I — MTHIDOBGEIZE FARRDERDIK D LD) .

a I
ME6  HELZERELZ D OBMMELZEEEBIZO A CHERETS Ry ODRAEAE
Amax &, HoE{LEE

Amax = max qoRyq (2.27)
llall2=1

ICLk>THELNS.

/

H MBS Ry OFEAMHE A > Ao > -0 > Ay & U, $6d 2 ERLEEAERZ ML

Q- .any &35, RELHEORAMRZ MveEpLTdy, WHALY q,-- qn &
N RGN PVEBDESEREETHE I 056

N
p= Zaz’% (2.28)
i=1

LEFL. T, MES &Y,

N
= Z Aidiq; (2.29)
i=1



10 2w Hf

ERHI NS

N
p'Ryp =p" (Z Aiqiq?> p
i=1

N
=> xp'aal'p (2.30)
=1
Yib. EoiT, ME4EHVS L
plq; = o (2.31)
q'p = o (2.32)
L7250DT,
N
P"Ryp = > Aifos|? (2.33)
=1

CEIFD., ZIT, M >N > >ANVEDT, piRyp I

N
P"Ryp < A1 Y Jaif? (2.34)
=1
EEpSHiTZoN, FERVIZI A1 REIELTDIIZDOVT o =0DE ETHD. Tz,
p IEERIEEINTVEDTIDL E |y =127, WKIIZ

max q Ryq =\ (2.35)
[lal|l2=1
285, B, ZITIHEHROOHERZEEEZ S DOHBEIZOWTER D, FEAEMHEL
HOE L CWAGA D RBOFIE TR KREEEIRESD. /-, AFOFIEZEIIRTZ LT
RAREAMEZT TR, MOEEHEE KDL ENTES. FHflld [9),[10] R 2SN
72\,

2.3 Tq4ITa4VH—HH

THEOBHERN IR A Y F 2 F L CHIEHEBAEGTIX, HEEMD rTaeRBI (ERIBIE)
WOWTEHEMI NS I EMIFL AL TH LD, BIEDEBSUIETIEEMD TRETH 2 WA
WA RETIE R WS DIRAPE/INIDWTHE R DM ENH L. 2T, ZD KD %
DEFE, BHEXRZ M, BRITINZ X BW5 (V1 VT 1 > H— (Wirtinger) 43) 122
WTCHEIHY 5.

T, REMEHARGEAL LT, HEOAH T —2518UCH 5, EERBUEZ IS B f(2)
IZDOWTEZRS. EEBD TRREBIIRTERZIND.
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[IEE'JF'%%SI: DCC%BEEf:D—-COERBLTS.

T AY) - 1)
Az—0 Az

PEED 2 € DIZDOWTHFAET 5 & EAEL £ I8 D THEEMS e (EH]) TH D
AR

%

ERBBGRO BRI SHER & LT, B f 13, FEMAWESTH Y »DORDI—— 1) —
SYDHBRANPEO IO E, FAEETOLEITRY, EEMATRETH D Z BSOS NTY
%.

~
d—y— - Y—vrvnrEd:
oR{f} _ oS{s}
or Oy
OR(fY 93/}
oy Oz
N J

EEUHOMETIZFEAC2E®RI—-—Z )y REHOR/IMLIZOWTHERT 5 Z 2 B% 0
N, TOXIBGEEITLLSBENBIEE f(2) = [2]? = 22" ILDOVWTHEZXTAS. INETd
DEZWD DEZRNINAT S L,
fz+Az) = f(2) lim |z + Az|? — |2|?

A, Az ©Az50 Az
— lim (z+ Az)(z+ Az)* — 2z
Az—0 Az
— lim Azz* 4 z(Az)* + Az(Az) (2.36)
Az—0 Az

BN, Az EDESIZ0ITEDITENIZEoTELREDSTLE S 720, Z DIERIX
FAELRW. EBE, Az=Az+jAy (Az,AyeR) & LT, 3T Az — 029 5&ZDfHIZ
=2 —jAy LR, IHITAYy—-0&TBHL -z RDB. —F, BITAy—-0&T5
Ertr+ A D, TSI Ar—0&THL 2+ b. —MRIT, 2 —2#£ 2"+ 2
ThHbH7-0, THIZBEE f(2) = |2]? = 22" PERMOATREETRNZ L 2EIEKT 5.

ZDEDREBDMN %2EZDBITHNBRDON, 2 & 2* 2R ZEHE UTH-o THEE
fOERMPDEZEZDLEVWDI T TU—FTHb. iiBdIlLoT2WHERT LT EHL, T
B x,y € R Z5I8UTH DB f O2MmIE—#&iz

0 0
df = a—idw + (,)“;dy (2.37)

SHRH 2 = o+ jy & AIBICOMIE f(2) &, TAEER 2, y £ABICE OB f(z,y) LAEEFIT 0,
y TR THETH B 55e, EBATEE S,




12 2T HEf

LB, 2L, LGB f OB s IZOVWT DR ERT. ZIT,
z=x+jy (2.38)
P =x—jy (2.39)
X0,
dz = dx + jdy (2.40)
dz* = dr — jdy (2.41)
iR BHDT,
mz;w+ww (2.42)
dy — sj(dz —de) (2.43)

2135, ThE, (237)ITRATHL
if — 6fdz+dz Jrgdz—dz

2 oy m
8f Of af 8f .
t&é.::T,f%@ut&ﬁ@f®%ﬁt&ét,%@1%%@
df—-af 8Cd * (2.45)

EEMSIENTES. (244) & (245) ZHERD L, RDEDITEHRT 5 LEHOELEL
FADRBDG o NHERRNZ LD H 5

fzt%—@@&@@«»?4yﬁ—Wﬁ(ﬁ&ﬁ@%ﬁw%é b
gi ;CZ_iZ) (2.46)
\ L3
BERAHIE LT, 2=a+jy L LT f(2) =2 & f(z) = =" DBAEERTHB L
gi __% (3(x-+jy) Ja(fégiy)> ::%(1——j.j)::1 (2.48)
i ;(8x<w %;w>:;ﬂ+jwﬂ»:1 (2.49)
;j ;(8x+w %?w>:;u+ypzo (2.50)
8822 ;(3 T —jy) i l‘@;i?J)) :%(1_J‘.(—j)):0 (2.51)
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L%, INED, VAT A VAT EFRET OB 2 & 2 ML TH B LTRARIC
HoTrwiy, Thbb L 2T HECIE »* 2HRITER L LT 2 BT 2
EARU, & 23T 2BIC1E 2 2 RINTERE LT 2 KT 3 RMa 2FHELTE
W DRI NDG. T, TOMBEHVTERIZED f(2) = 2|2 DEHAEIZDOVWTER
ThdL

Az 0zz*
=== (2.52)
Oz 0zz*
o = o ° (2.53)
5.
VANT 4 VAR DEEE NS &
95 1( 0 st s
oL =3 (5 U +BUD + i (R +ISUD)
_ L oR{fr oS{s}Y |, (OR{f} | 9S{S}
_2< oz dy >+2< dy T o > (2:54)
EBHOT, A=y — - V=3O HEAIZ
of
5o =0 (2.55)

CRHRIIMS ZENTES. Thd b, HEEMDAIBERBEEIL * ITKFELRVwE VWS Tk
M5, EREREEIBICH DDA EBME 2 IS 72D IXER 2 HHTHEND B 72
B, ZDOX S BEBIE MBI 2 TR 2 ITBIRET S, Zhh, BEDESLI DR
ETE X LD — BT EEMD TRETIR L, TOBMEEZRDBDIZT 1 IVT 1 VA —
WADES BFEIBLEL INLHEHTH .

BEBEE L 2 f OFEHBEERT Mz = [z 20T € CM DBEL, HREC
TANT A VTR EEZBLIENTES. 2 = Tm + [Yms @m,ym €R) £ T 5L,
B f(z) DEMITIE

M
B of of
df = mzl (axm Az, + . dym> (2.56)
BN, dzy = dry, + jdym KO dzf, = dogy, — jdy, 2V L
M o1/0f . of 1/ af . of

CEXEES. LEN-T,

Qf:[ﬁL“. w]

az 021 821\/]

(tha-n mﬂT (2.58)
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B&O
of [8f of ]
Oz | 027 0z},
T
dz* = [dz* dz}*w] (2.59)
L7z &Iz
c#_gi OF 4 (2.60)
8 *
CHRZZ LT, HERT NVESIBIZEDAN T —MHDBE f DT 4 VT 1V H =
RCEERIND.
, ‘ 1 N
ANTZ—EBRED T 1T 14 v A—Wa BIBEINERRI MLDIFE
of _[of of |
oz _621 0z |
of . of 1/ 0f . of
G B il 261
of [Of Of T
O0z* _821‘ 0z} |
of of 1/ 0f of
(o ig) 2 (o i) (262
\_ J
7z, HERT MVEFIBIZE DA N T —HEE f OEZLN T
of Of
pr— — 2.
vi=|5 o 269

TEEINS. 0B, ZNoDAKREZITRT NLEFIRTZ MLDEL 5 TERET 20T

SBIFIHED D B DTS D 2. AT, UL 27Ny M LTES

af  (Of\"
- (5)

95,

ozl

BB OERETIEE S DGE, B f(z) DAMNRZ bV

Iy

— 8352

of

LOx pr

Cor
o

f T

8
af

83/2

oy
+J8?JM_

(2.64)

(2.65)
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TEHINTWVWS 9. Zhik
of

Vef:zaziH (266)
LESLBEELY, B f OO —RIER L U TIEYTEzw. —fi&iZ, (2.60) £

of  (Of\"

or (o) 26)

of _ (ofr\"

- (%)
DO SLODS, BB f MEBEE & ARG A, f=f kD

of _(9f\"

o (o) 269)
LR, ERABIX

_[(or\" of

vi-[(Z) 2] .10

THALND. Zhkbh, B fPEREENSGEE, ERARA V=035
v, 8 =0, L =0 ThEAMTHY, (2.65) X & BAMDEEDEMEDHRS 1
. L Ladts, BIEf AV Z & &R WIEEITIZ—#IT (2.69) 2L 0 272, (2.65)
WZEBERTEATITHS.

BBIZ, T4 VT 4 = OB W < DEl . BRI ZGE(E D5 S ALEIZ BN
BT ANT A VH WA EENFEERENL VDT, FHRIL—VELTHATEL &
W

- e R
EEIL—IL (BIBHSERNY MLDIFE
a, A ZZTNEFNERBDIART bV, BLOFHET5 &
afH (zHa) =a (2.71)
afH (ZHAZ) = Az (2.72)
N J

THEERT PIVIZE WA DHE L RS> TVWE I EIZHERT 5. x BWEHDHI~NZ |k
VDGER, ThEh
0

ox

aax (xTAx) = Ax + ATx (2.74)

LB, FRORT MV, L BMMITOVWTIE, 17 A TLEHEMITICEINTHL B
EHTH 5.

(xTa) =a (2.73)
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—J3, SR Z PERTIDEZEIIRDEY TH 5.

~
SEIL—IL (BB ERITIIOSRE
9 H
éiﬁ;@r{z A})=A (2.75)
8§H(U{ZHAZ}):aAZ (2.76)
- %

DA NT 4 V=W ERIE T OIS B FHNE, BARTI [8] 7 & O — DR D
BREX (9, 11] R EOESUHOBRIEDOMNEKIZ U R S Nigdh 57203, Bk Tl [15, 16]
REDENXED DS, I TE, ANT—HOBBLPHY Fbhorn, &0
DR MVIERFTFIfEER & 2BBUZDWTD T VT 1 V= OFMR LIV TIRZ

o DX EZRE 0.
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BIE BADESUEFE

T 2T, SRAMRMIRERRE TN 2 AR D M 25 S B FIRIS DO W TEIT S 5.

3.1 [BERE

AFTIE, BEOHZRMRI MV x = [27 - zy]T € CV iz LT, BAIDOTS]
A =la; - ay] € CMN ZHWTHRIEBIHIZ T2 >7- & EIZ, BohdBIHIRY b
y=[y - yu|T €CM ho x 2T T HMBEEERD. ThDD,

y=Ax+v (3.1)

BWT, ye ADS x 2T AMETHD. 22T, v=[vg - vyt € CMIZInEE
HEME R MLeT 5. 72720, BELEOFEZL > TIZHMNY A DHEETH-720,
BEB TRV PIREI N0 T 5720, FEINWV. £z, FlEILk->TIhooR
7 MV ERERKNZHEER 5 560, WENIZER S Gand 57%, WRIIZESGEIZE, vy,
x, v OMBH %2 ZznZzh, Ry = Elyyl], Ry =E[xx1], R, =Evwl] =021 29 53.

3.2 ZF#TE

BV U TINVBHEERERE LT, ZFHENDH L. Znid, HEPENGEITRAERS x &
HETELEFIETHY, x DHEEMIZ

)A(zf = W;{fy
=x+ Wyiv (3.2)

THZL6NS., ZZTWHRZIFHEEZLGZDE N x MDY A MiFITHY, kD ZF
HEEDOWED S

WHA =1 (3.3)
EWET 5. fEoT, AWERRIESTH (M = N) DB&ITIE
wi = At (3.4)

E—RITEXS.
—J, ADM > N OBAEITIE, —MIZ (3.3) 76 W B —RITEE 60\, (3.3) %
327 1 MIFID S b THEREN (3.2) DIESXHEEE I (SNR: signal-to-noise power



18 FI3E L DESUIETFE
ratio) ZERARICTEHDE Wy, & LTHEIZLIZT S, 22T, (3.2) DEEERDIEY = A
MTFNHRIZER S, £z, HEFEROOEIX

E [(Whv)TWliv] = tr {WHE[vWT W, }
= o2tr {W5 W} (3.5)

THALNDZ NS, SNR ZRKRIZT D Wy id

. H H

W, = argwé?cllngvtr {WiW} st WHA =1 (3.6)
RAEEIEE L 2 THRONSE. 22T, MERSDOENOHEDOIZ, [F7HD b
L—ADWHE tr{AB} = tr{BA} ZH\W T, HFHENDITHIORADIEFR 2 ANBZ TS
ZEITEETS. Z0TF 7oy 2 IMESUBTHEIZI AW NTEY, ThzMHETsIL
THEE Y =4 MTF ZHFHEREOI T Z e B TE IR NERDO VA VT 1+ v H —
WA A RRIZ R 5.

279 vy al e

N
Li(W) =tr {WIW} + )" ol (WHa, —e,)

n=1
N
=tr {WIW} + ) "tr {(W"a, — e,) o) } (3.7)
n=1
LEHKT DL
DL (W) Ny
8wH—W+;%%
=W + A (3.8)

B, L, ¢, E T TV AaEHN 5D N RKIGHINRT MVTHD, e, ldnFHD

WA DBBLTHAT0 D N JGEHINY B b, & =[p, - py] THEB. 51, 22 — ¢

xR &
W, = —AdH (3.9)
&y, Thi (3.6) DHFIFRITRALT, ADWFITNT VI LIRET DL
®=—(A%A)! (3.10)
2195, o T, =AM
Wil = (AlA)" 1Al (3.11)

2135, TOXTM =N, 32 Wl=A"124y, B4)Il—-HT2ILn5, Thik
M=NODB&EIZELEEMTHS.
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ZF HER I XRIZ & > TN 2 |l & HIFIXN S, 20T

K, = arg min [|Ax — | (3.12)
X

B35 EEfEEZEAD &,
[Ax —y|5 = (Ax —y)"(Ax —y)
= x"APAx — xPAly — yHAx + yHy
ERBIEDH

T IAx — y|3 = ATAx — Ally = 0 (313)
R Z 8T, ZF #EE & F U HEE iE
% = (AHA) 1Aty (3.14)

PEONDENETHS.

ZF MR IIMEE B 2 BEICHET S Z L 2B U fEETH D720, (3.6)DLD
WCHEEENZIMAD X577 o4 MIFIZERL TWTEH, ADMHEIZE > TIMEKRD D
FEBETHTENRESLILTLES 222D 5. ZOMBEIX, ZF #E DM 8 (noise
enhancement) & U CTHISGNT W5, ZF #EEME DM Ko DI, (3.5) 1 (3.11) Z24AA
THILT

o2tr {WHW,¢} = oZtr {(AMA)™!} (3.15)

EB. ADBITINT v T B E, TOREMESRIT
A=U = vi (3.16)
Ov—NyxnN

CHEABNG. 2EL, UeCMM Ve NN za=xY{4l, Eix A ORI S 7
215 E = diaglty - (] THB. ZOEE,

AHA = vE2viH (3.17)
ER5DT,
(AHA)" = vE—2VvH (3.18)
Thbd. /toT, HEENIX
Yo
ot {WHW,} = 02> EF (3.19)
n=1 "

B, INkh, ADRKRMEE IZ—DTH 0BV DAL, b oEE
DIEHIZKEL BRoTLES Z DD H 5.
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3.3 &/MN/IVLERE

M < N OEAIIE, (3.3) 2T 5 Wy BFEEL R\ ZF #EENTR AR\, Z
niE, M < NOBEIZIy = Ax 2R T2 x BWEEICEEL, HEHEWEAETH-T
LI I N -ZEDx 2y & ADPSEBETERWEOTHS., Z0LIREEIZELH
WoinbdDR, EAEEREIENS T Tu—FTh5. FAHETIEy = Ax 2l d5 x D
SHLZED /) IVILADTNDEDEREE UTENT S (/N VAR . flziEX, /VvsLe LT
lo-/ WIS 5L, BN/ VLRI

Xn = i 2 st y=A 3.20
x arg min [[x[[3 st. y = Ax (3.20)
B e ThHERONS. STVl %E

Linn(x) = [[x][3 + (Ax — y)"¢ (3.21)

rdpr, %m gLy
% = —Alg (3.22)
e, InEHIFNITRALT, APTINVI VI ERET DL
¢ =—(AAN 1y (3.23)
kb, Ihky,
Xon = AT (AAT) "1y (3.24)
2135,

3.4 MMSE #E

ZF W) A ADHELEBEEZE L TWAEWEOMEERFAL WS EERD - 20, Zh
WZXLT B 7212 MMSE #EE A K AW ST W5, MMSE #5€121%, B EA S S
—f D> MMSE #& L $EHE D A & 28F MMSE #E2H 0, K<HWLNE D%
THdHH, TITIE D MMSE HEIZDWTHHIZHAT 5.

— %D MMSE #E 2B WT, N7 MVEOBEEE 2T

Xmmse = £(¥) (3.25)
ko TCHiEMZEZ D258, ik
Jmmse[f] = E [|[£(y) — x|3] ¥] (3.26)
FRNCITBESICIEIND. ZIT, yBER SN E XD x DIMFA ek i B
Zp(xly) £ U, yICBIT 2 x D&M = 6%

ﬂszwﬂz/m@mw (3.27)
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LREHT DL

Jumse[f] =E [||£(y) — x|[3]y]
(y) +x(y) — x3ly]
vl [1%(y) = x|[3ly]
+ {f(.V) —x()ME [{x(y) — x}y]
]
[

_|_
S|

{f(y) —x(v)}
=[|f(y) —%(y)ll5 + E [[|x(y) — x| [3]y]
>E [||x(y) — x/|3]y] (3.28)

Ly, FERIEf(y) =x(y) DL ETHD. i>T, —D MMSE #5E I
fcmmse = 3_((}’) (329)

IZEoTHEAONS. ZOHEMIZIRAED D EE B/NTT 5 Z &6 BNl & I
X5,

Iz, BIGER T TO MMSE #EIZOWTEZ 5. &2 NLOEHHER 0D L X, &
¥ MMSE #£58 1247 51 Winmse 2 T

Xlmmse = Wlljnmsey (330)
THZ6MNE. 22T, Wihimee &

H 2
Winmse = arg_ min E [|[WH(Ax +v) — x|} (3.31)

IZE o TIEINS.

E [HWH (Ax +v) —x||5 ]
E[(WHAx + Wy — x)H(WHAx + Wy — x)]
E [tr{(WHAx + Wy — x)(WHAx + Wy — x)H}]
= tr {WHAE[xx AHW} +tr {WHAE[xv W}
—tr {WHAE [xx } + tr {WHE[VX AHW}
+ tr {WHE[VVH]W} —tr {WHE[VXH]}
— tr { Exx"|AMW} — tr { E[xv|W} + tr { E[xx"]}
= tr {WHARATW} — tr (WHAR,} + o2tr {WHW}
—tr {RAMW ) + 1 (R} (3.32)

J) lmmbe

B Eho,
8 Ji Immse (W)
OWH
Ix VAR AT & EIIRERHE 2 W2 RISEEBET 5

= AR AMW — AR, +02W =0 (3.33)




292 H3F FELDIE 5T
% RN T

Wi =R AT (AR AN +521) 7! (3.34)

Immse

2155,
17 8% MMSE HE52 (13 N B2 (— o> MMSE 2 08) & 13— B L2\ 2,
(x,y) DREADADA T A DBAIIE 2 NS H—5F 3 [1].

3.5 BEIETHRE

2 ETITRBREZMILOESHRIEL, By Mo,z —ERETLI L Tx
DWEMZRDEEDTH o7z, x DEEFIZEL > TENLUHND x DFFIETFHTHD L AD
&, MorDfik GEE, WEHE) CRONROHEEZHNTZDOFEHETOL T
J &R THEEMD 6 TN 2 AT 52 8T, LOEBEORWIEEMEZES WL
BRI DD, ZOXSBT AT T THEDIRUVIIZ X o> TESRIBZAT S HESHAEE T
FrZ (subtractive interference cancellation) T 5. [FHHERD /38 TIEA 72 0 5D & ifim
INTWAY (23, 24], WBEDZODEFUHDOXARTIAS NSNS &K 512785 72D IFFF5
53#1% ittt (CDMA: code division multiple access) D ¥ )V F 21— Wik [25] £ LTT
HdeEbNE. BEMTHBREIREL 22007 7a—FiZot o, TNTNBERTH
B2 (SIC: successive interference cancellation), Wi%|F#FRkZ% (PIC: parallel interference
cancellation) & IEIEN 5.

SIC %, x DD SNR VR E KRR 256, HlAIEx & v DR EHEOEIHBFE—L
UTITH A DEFID ) VAP KRES BR D560, I[CHRNZESHRETETH D, B
FEFBIDPREVx DED D ST 217 5 RUCRER H 5. BARKIZIE, fHROZOB
Wy 128125 x DD SNR DS 21, 29,...,on8 DIEIZNS K RoTWVW 2 T5E, £,
To,...,oN BERTHETEDSTHELARL TN SDHIET s ODHEZITS. ThbE,

Yal =¥
=Ax+v

N
=ayr + (Z a;x; + v> (3.35)

=2

EUT3ITHOLLE 2IHEME L AU, BIZITIPHEE 2175 &35 & oy OHEEM Lo 1
&

Fgier = wiyl) (3.36)

sic

EEMINS. 2L, w e CNIIBIEHEEDEARZ ML TH D, ZF HUED MMSE £
METHIEINS.



3.6. BKFBHERMETE & BT 23

I 2 ¥ TOMBEITET OREHERE LB NDIEND, RIZy 26 o DT ZEF ¥ IV L
BRI Ly A B, BRI, HEEA e, MELWEELT,
(2

ysic =Y - ali'sic,l

N
= asxy + (Z a;r; + V) + al(xl — ﬁ:sic,l)

=3

N

A agwy + (Z a;r; + v) (3.37)
=3

Y¥B. TIT, FEBID bher = 21 THNE YD Z3THOLIZE L R Y, y » 5

2o BBHT 2506 y & oSBT 2 1082y 12 & B TEIRL o A ST

5. 19 % wy € CN & TR T 5 55618,

Fsico = why®) (3.38)

s1C

THb. UEOWEZFEVIRL T, oy OHEEME TRD 2 DM SIC DHEARLFIHTH 5.
BHNZ BT 5 SNR ¥ d K E R 5T & o TX M AR HIEIZEERT A Y v M
WA, B SNR VNS WEFIEERA Y Y PAREVE WS FDPEETHS. ZITEHRD
R FIEL U TR BOMEMZ ZDE FHWTFRRD ZREL 20 HEEZFIHT 5
ZEEHHRETH D, 175 A IZDOVWTDERDEMTH 256 IFEHEMEH NS Z LT
R 2 WETE 2 Z DS N T WS [25]. F7z, SIC IF¥ERERESMEIETIED 55,
AU ARGEEER (ERIZIZSRBREER) T WTEBNSEMAGHDETHWS
L TCTHERBEMROBRZERLTEA2ZeMoNTH Y, BHRERO RTHHER
FIHETH 5 [24].

—%, PIC & x DEAEOHEMTIZARL, X7 ML x 2KRORIMEEMEEZ AT TH%E
RET 2 HIETH S, BRI, BBHES E0 k2O TEIlR2 MLyl =y
5 x OHEM R B s h e T3,

yfﬁi =y - Aoffdiagf(gg
= AX — AofidingXopy +V
A AdiagX +V (3.39)

£95. ZIT, Ading 1T A DENAEDDAPSIRDNAITHITH Y, Aoidiag = A — Adiag
ThHB. JUT, yO) i SMIBHER & THEM RS 25k, ThEMfnT LioR L Ak
DHETTHRSZ2HRET S, ZOWMHEEEVIRS Z LT, #ERKEDORM E%2X5 DN PIC
DFEEARLFEZ S THS. PICIESIC LEAD, x DT SNR DEWDH £ D N

BIZATHBZ R SNT VWA,

3.6 BRABRERHEECHFLHERE

X DEBEADEEDOY VHRIVES S hohEFIhd 5. InbbxeSN Ths. #
HyWEonzeE, xOHFEEE LU GEALEED x e SV DED x & —HT 5HERIT
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PXly) THH, ZNITHEBHERLITEIND. -T, HENEL WHEREZRKRIZTE L%,
SWHZ 5L, BROMRVPE/IMIR D LD RHEL— IV, HEERERKICTSxeSY
BEINT B, Thbb

Xmap = arg 5612}15 P(xly) (3.40)
TH5. ZHIRKFEMEME LTI, FROMEREZRNIT S &\ D5 Rk Tl 72 R H
HETH5.
—h, RAZXDEREMND &2, FEHERE
p(y[x)P(x)
Px|ly) =—F"——— 3.41
(x|y) o) (3.41)

LESEEDS. ZIT, x DEMEVHERKICHE»S UL, Px)DP—HpETHHLTH L, H
®iE=R 2 AL 5 MR

Xy = arg max X 3.42
1 = arg max p(y|x) (3.42)

KRB I NS, TNERE p(y|x) ZRKAMETEMETH 2 22 h o, HAHELIFIENS.
MIEBHIE TV (3.1) 2B WVWT, v OFRRDDINLF — DD HEH D AL TH D
L9 5E, REBEBUE
1 — Ax||2
p(ywx)::‘;jzaggiii‘}’exp <——”5,)d|2> (3.43)

ERB NG, mILHEEDRMEIX

X, = arg min — Ax||? 3.44
| = arg min [ly 12 (3.44)

CEIETL. UL, INEMMESE LY AMEOLEITIE, REMERZEREENSD
=270y NE#PR/NE 22 Ax 2 RO HTRIBEICREI NS Z L2 EKT 5. 208
&, FHMEBEBOE AL I N DD, S OEEKE |S| £ T 5 & i liT R E ik S|V TH
D, NDBRKEWGEIZIEHEVBRNETH D, ZD7d, M itEENIBEMEREI N T
0, —MRICERAEHEEIZED K R, TOREARRHE L 5 2 I EREE R IZK
AR

3.7 EmALLEK

W —DESIZNT2EBOBRBESN-L 1T, TNoDBEIZED XS IZHA (&
) THEEOREWSHBEIZHS DT I EH DL (XA N=—VF 4 RE). TITRET,
(3.1) DRl EE LT

y=ar+v (3.45)

22 I iR A BRI R AT DO W T DA XH [26] TH D, BREIZITEFE DA XOEH & 13
KB EIZIEETS



3.7. mKLILER 25

#%25. 12770, veCia=a; - ay|t e CMTH 5B, £ HEELUTE, v, ymr
DS HbEHEH SNR DEWD DI 2R 5 Gk GEBIRGEHK) X, v, ,ym ZEAUEATRE
LEDLETAHEKT 2 L (FMEER) B0, K<HVWLNSDIEAKED SNR AiEK
25 &S ICEHANITZ U TR LADLE ZEALAHK (MRC: maximal ratio combining)
THb.

RARIEBEDEANRT MVE Wy 2558, GBBEDOESIX

A _ <« H
Tmrc = WireY

=wl ar4+wil v (3.46)

ThHAONS. 2{7HALSE L HWME S, 582 HWMERD 2R 72d, AFERD SNR 1%

B(|wicaz|’]

e = TR [wH v]?]

mrc

o2wl aallw.

_ YxYWmrc
= X _mrc (3.47)
vamrc Wmrc

Y75, 72720, Bz =02 LT3,

WE, (3.47) XY AEED SNR 2MTHlaal O L 1) —F (OEELST) L LTRBEINT
WBZ LN, ITNERKIZT D Wi (& 2.2 HiOMWE 6 225 aal! ORKEAMEIZHIET 5
BAENZ MLIZE>TEHEZONS., 512, aal 3527 1 DIFHTHEZ eh 5

Wmre = a (348)

ETNIERWZ EDREBIIANS. ZDEE,

o2aflaalla

Ymrc = )

o2alla

E<

2
ozaa

g

o <N

_ %0} n \azlzai R !aM!;U?(
. JV v
B ENS, RAAHKEZD SNR IXE % DBIHIDO SNR O L7425 Z LD HERTE 5.
INET, RMEETVANTI—DETIV(3.45) IZDOVWTHERTED, 31)DETILD
BEIZHFAOTFEPEHTE S, HART MLV E W 8558, ZDE ZDOEKBEDE
=i

(3.49)

g

<N

A H
Tmrc = WireY

— Wl Axwll oy (3.50)

mrc mrc

THAONDG. 722U, Tme FABT—THY, REAXZ bL x DEZENZHEEMETIZA
WZLITHERET S, 27HAUE 1 HEESHD, B2HE2MERD LT, AEETD
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SNR &

E[|WH Ax]Q]

_ mrc

e = Wi A
T Bllwilevl]
_ Winic AR A Wiy (3.51)

2w H
UV erc Wmrc

5. UDioT, wme & UT, 175 ARAY ORKEGHEICIGT 2EH T ML %
ENFR. 2, SRR TBMESTHEERINTWEE, BBTRVWHESZIET 5L,
EfE5 D SNR IE

wil ARXA-HWHH'C

Ymrc = S (3 ) 52)

H
Winre RywWire

ERBEIND., TN, wiee £ UT, 75 ARAH & R, O RFEIGAHEME, T4hbb
AR AYw = AR, w (3.53)

2B 2R —REA ISR T 2 —REA N PV EZENTI W R0 5.

3.8 IO ZTRIE

I T x DHETIERL, 1A ADEDHD VX AITEENDENRNTA—R% y(DOIHEH
1180 M OHET DL E2H R 5.
x & v B EMBEO L &, y 0TI
Ry:E[yyH]
= AR A + 521 (3.54)
ThzZo6ND. Ry DO MBEOEAEAZZDORESIIZED N > N> > Ay &L, ARAH
O M HOEBEMEEFERIZ 1 > 1vp > >y 5. Ry IFTIVI— MFHIZRDT M

DHWNIERT HEART MLaed s, EAEME N, (I T S ESLEERZ MVvE q &
5L

Amlm = qum
= (AR A 4+ 6%1)q,,
= (Vm + U\Z/)qm

B, £oT A\, & vy ORENCZIE
An=VUm+02 , m=1,2,....M (3.55)

ANCAYE G EAR SR
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IZTM>NEL, ABINAIST VD, Ry BINIT V2 lRETDE, ARAH OF
BREIZNIVEDRS M - N fERETO0 &b, koT, (3.55) kX 51

A+ 02 =1,...,N
Am:{” ton, m=1L..., (3.56)

o2 m=N+1,....M

v

L5, KR, rank A =N X0, AHOH =3V E- N(AY) ORI M - NTHY,
q e NAD) IZH U TIE Ryg =02q &b, $0bb, qlREHEME 2GS 2EE~2
MLVTHY, TOH—FIVEFORITIE M — N 72DT, (3.56) DX IWCEEEITM - N
Thb. £oT, anit, -, au ENAY) ORETH Y,

dlA=0, m=N+1,....M (3.57)

&%, ZIT, Qs =[qi,---,an), Qv = [ani1,---,qu] EEET DL, R(Qs) 135
B, R(Qn) RHEF AR £ IFEN S (2] (R() ATHIOFIZEM). Zhik, (3.57)
0 RQn) =NAD THY, /- qr,- ,qu FEHELKETHS Z2Hh 5 R(Qs) =
R(Qn)T TH2H (* dELHEMEERT), —BIZRA) = N AL ThrZ s,
R(Qs) = R(A) KU R(QN) = R(A): BELT 205 TH 5.

ER 5 (3.57) ZFIVWA ZE T ADKNR AITEENZNNTA—REHET S LHH
KB, ZOXDBRFRIIMESTH =BT D ZEFOELZEZMHEL TS Z &6 —fRIZH
DRERRELIHEN D, £z, MWD EEANDERWNEE2EZEZTVDILARTIENTED
720, FEHAERANOERPE E2EZ 2 ERF AL T, 1 F—Ka ot & HIEE
ns.

3.9 FEterovsy

JEfie v v 7%, BEOMx BWANR—ATHEZL, Thbbx DIRFEZOMEBLA
PIFDRITE N IZHARTT o2 DNz e, DBHoLLODNR>TVDE EIZ, TDAN—
AMEFHALUTM < N O#N GER y = Ax 95 BOfE% J D1 9 72 0 O BRI PERL A
TH5 [3, 4,5

M < NOE&EIZy = Ax 2o x 2#ET 5 kL UTIE, BRIZIEAMLIZ X 2 H/N/ )V A
FRIZDWTBRAR7ZDY, ZZTEIMENZED x BANR—=ATHS &\ HHikiE2ZET 5
&, FETHhOERL AL, B biE

Xy, = argmin ||x||o s.t. y = Ax (3.58)
X

BRI Tx 2HET S HETH S, T 6 B2 IEN, EFICRITHEZ L
MHISNTWBD, lo-/ IV LDEESNE L IEMMHEENLS —RIZNPR#TH B, 22T, lo-/
W% (- VAIZEZS IR 5 Z L TR L 7-[ME

Xy, = argmin||x|[; s.t. y = Ax (3.59)
X
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BEZ5E, ZHIXSEETEHIIEIZRE S NS -OBHENLRFERTH Z ks, X

SIZHBERZ XIZ, AICETLEIHE5M4OTFTIE, M <N TH->Th ZDEE(LFEE iR

KL THDAN—AR x PER2EEKR I NG Z LAHERMIIRINT VWS,
HMZ2EERT G512, e> 02 U TEAGRZAERFRICEEHZ 22T

Xety = argm}ionHl st. ||[Ax —yl||3<e (3.60)

2EZD. HHWVIE, HDBpu> 012U T (3.60) &H UMEE G 2 5 S i HlH 8 U ok
i

N . 1
iy, = argamin (ulx + 511 - y113) (3.61)

EHEABIEBHD. (3.61) XTI ANEBUZ (- VAL by- ) VADHEPEGEENT WS Z L
D5l — b FREREIEIENS. £72, X <HISN7 Lasso (least absolute shrinkage and
selection operator)[6], 9725

Xlasso = arg m£n||Ax —yl3 st |x|] <t (3.62)

% (3.60), (3.61) & EMiRHHEILTH 5.

— I EREE v Y v TR ROMEDBE S hinnizd, Th o ORa#kflEZ E< 720
DRfZ TN TV ZALHPREINT WS, Bt v Y VT OREARNZEZ P, 7TV Xk
O EARH, EEDORIEANDISAFIZ OWTIX 7] R E BRI N,
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BA4TE  BKA

ZZ T, RIETHAL ZEANLRESUHEFENCHI N TWSEEDMBED WL O
DOHNZDNTEHBHT 5.

4.1 %1k

AR R BOEIME DB AR ABERIZ L > TEALZEES2G6ET 200N TH
D, ZOZEHETETIVIFHENZ (3.1) TREI NS, BAENIZIE, s 2 EFEEXT b
WV, r2ZEEESRY MV, H 2 BE8K175], v 2 InHEE~X2 b LT

r=Hs+v (4.1)
ERIND., BERBTIHHOBERY 1 RIMEEARIZL > TER LD, Balikkx iz
B TIA K I NT WA BEBEESRE (L 2RI L2V AT AI2B8WTIE, #— NX[ET
HBEVA TV T TLT 0y 7 ZADMINE BREDEMERE DT BEEEITHNIERD X S 2K E
THEMEN D REE %2 S D,

ho O ... 0 hp ... hy
. , .
. - -
H= 0 0 E(CMXM
: . . . 0
0 ... ... 0 hp ... ho

ZZT, hoy - hp IRBEHEDOA VNV ARETH L. EEOKETTHNE, BT —) =%
#f1 (DFT: discrete Fourier transform) 1751

1 1 1
2 x1x1 2w X1X(M—1)
D= —
v M :
2m(M—1)x1 2m(M—1)x(M—1)
1 e97 ™ c..oed M

Lo Ta=RVHMEBINS L WOEEIZERLZEEEZ2E TS, $4bb, HIZE
DS {ho, h1,...,hy} DEIZE 5T

H =D"YAD (4.2)
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LELZENTES. 1220, A=diagl\ --- A\y| THY, TORAKD I

h
A K
=vVMD h: (4.3)
At L
Ov—rL-1)x1
TEHRINDL Zhibd, ZEFEST MV
r=D"ADs +v (4.4)

rELZEMTES.
WL E b2 E L, Fithz

s =Wir (4.5)
L3 5L, ZF FDOGAITIZ (34) &0
wi = (DHAD)™!
—D A IpH
=DIAID (4.6)

L7%. 7, MMSE %LoBaIziE, (3.34) £
WH = o2H" (s2HH" + 02T) "
= o2DYATD (02DHAAPD + 021)

9 \ —1
— DHAH <AAH + ";I) D
Y5, #ELU, Esst] =o2L2 L, DORA=RVFHTHEE VS HEEHNT WS,
FAa 15 WH i, ZF %t MMSE FhofMhoéas, MNAfrslE IDFT O#/E%
#3 DH & DFT O#ffE%2 KT D THAZBIZR>TWE 720, @mE 77— T4 (FFT:
fast Fourier transform) % F\\ 7z FEFEIKCTD 1 X v TEIT & > TRRANICEL % FEB
TE5.
2T, AMEEBEESE LR AT & LT ZF #E & MMSE HEE Ofl 2 R U 72 A%, ‘ot
FENZFED K HARSIHEE (MLSE: maximum likelihood sequence estimation) ® —f% 1255 (k
Rty LT L HVSNTVS.

4.2 BIEKRHE
SBEHEE I, SLEY o4 N OB 72 BT BRI BT W, T
bbb, WEBRDA VL A SSER RSS2 M T AMETH 5. LT D ETIIEE
Ua, - AT SEEE D A 2 rOL A SE QMK T — ) TEBRTH D | BEE O FEEISE I M S 2.




4.3. MIMO &3 31
(A2E 5= RALI =
r=Hp+v (4.7)

TRIND. 72720, TITEHEEEBEXRZ ML UTHAOAR1 8y MEEXRT ML p =
[p1 - pu)t RIELTWS. 502, Fhofl & FkIBERITH H 2 KETTHITH 5
¥ 5e, REFFHOWEELS (4.7) 1%

r=Ph+v (4.8)

LHESEINDS., 2T, P STy MES TS N EKEITTS]

b1 pPMm - P2
D2 p1 ps3

P=| o (4.9)
pPmMm PmM—-1 --- D1

THY, hiTHDO1FHHORY ML THS.

(4.8) 2°5 h ZHEE T 2 RIEIE, HAKETHTHS L E1Z (4.1) 15 s 2 HEET BT L
AEMIZFRICTHD. D78, FHARMIZIIFTH & FROHEEENF U & 5 IC#EHAFEETH
B, GGG L R, Ehh? IBBFEHINISH» 520 7zd, MMSE#E XD & ZF
HeB 1AM 9 2 P OHFT5 % FAW I HEEEZ WD Z LB 02 2720, BEKRIEEDS
BT, B ZF #E Tl < B 2 /S L IEIEN S .

ZIZTIE, KRG Z & DMERITA 2 RE L, @ERITI e 1ay MEERZ M LD
BEHDOANZZ %1785 Z 2T, MEBHIE TV (4.8) 25720, 77V vy UkEEE2$ DMl
WD BEAABBEFETIOGEIZH AR ANEZD R TH S, £, 17V A% D
DEDWANR—=ATHBGHEICIIEMmE Y Y Y TOFENZOEEHEHATE, ZuUtk-T
BB My MESEERS TG ST bhTwa.

4.3 MIMO &E

MIMO BEIXEET > T F 2 A 725 ZEKE TR >@ETH Y, TOZEESET
MeLT, TOXX B1)HPHHTES., XET VYT FHEN, ZBT T e Med
2k, scCN ZREEREFSRZ M, re CM 2ZEEERT b)Y, He CMN 25@EF1T
5, veCM &~ hLe LT

r=Hs+v (4.10)

b, 22T, &7 VvTTHOBERIIEZRBDO TV TRINE T Iy N T =TV
BEREZINELTWS., BAAMBEEBROGEE, RO EBEHIERE LS 70y 715
EHREMAGDES LT, (4.10) LRKDETILDHRSNS.

2 5 0S5 T ElhhY]) 08255 2 2T, MMSE #&E% MM L THERKE 2 M LS8 5 5% MG
nTwa,
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, incoming plane wave

antenna

. PRV 0,
dsin * o L
o
L] L] L]

(M-1)d

X 4.1: FRRERT > TFT7 L —

JmMOLﬁ@%$»uuDi FXEERECOGEDENERD LTREIFA—D%
LTWaH, MIMO @5 DA I IEBERITS HIZKEMEX 7 7Y v VMR & OREER 72
Mgz RET 5 Z t#ﬁtht&< L DGET VR LFHE LTIRbG., 207D,
MIMO 85 DE5MHEIEIXZE DL K AR TMOREIZ B ISH LY 3 <, FHZ[12] LD
MIMO #fED T F A MMIEEFE D72 DE S FEZ RN FIDIZE L TWD. MIMO
BETI, ARTRERRZIZEALDEBHEENZOMIBEL U THEI SN TWb., BoLT
WEZAFT VT TP ~E &\ o 2 KB MIMO JEEVRE I Ts Y, 22T
WZEIZT VT TS L 57717 TH <, FXIT “more is different” & W5 R & KIRERAG
DR NEERR S NS, KB MIMO (DWW T [27] 23FEL L.

4.4 FBIRAAMHEE

BEOT VT THlENEESEZHWT, F5 (Bl ORkT sHmE2HET 5ME
EFEZAL. OO, BRI B N HOESIXE—OHFLEEEZ B DPRIRO S HE T
oL, MIAOT vTFEZ»EME EIZEME d TIHEATWS L35 (K41 21) .

n%ﬁ@ﬂ%&ﬁ?y%%$%®iﬁrﬁﬁﬁﬁﬁ#69@%WT@%T%&%,:@
PRISE S I T A B S T VT FETFTOZEESOMEIX, T2 dsind,, (2K
Bz

@1=2ﬂd$n0” (4.11)
"
DALILD. ZC’C“, N IFEPREDOWETHS. INLD, 1ZEHDOT VT HRETFTOEE|
K DZEETHD & {s1,52,- - ,sn} £ T DL, mBEEHDOT VT HHRTFTOXERFETIE
N
}: RO M= g (4.12)

LB, ZIZT, vy lTFH0, Ak o2 DHBEMETHD. ThikFedd L

N
r=[r - ru]T =D spa(bn) +v (4.13)
n=1
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LEFL. L, v=[v - oy|TTHDY,

(o dsin® i (N =1)dsin 6 T

8(9) = 1’€J Ty 761 n (414)

Thd. 61T, A=[allh) --- aOn)], s=[s1 - sy|T LEHKTHILT, (3.1) &M
CIEDET IV

r=As+v (4.15)

2135, 72720, TZTOHMIEs DHEETIZ RS, EERAROHE, SVWHZ 5 L1745 A
EENDNRNTIA—XDHEETHD. £ T, MAEMEONHAEZEZAS. BEREH N &
TYVTFRETBMM»PM>NTHdT5L, (3.57) 15

dlA=0, m=N+1,.... M (4.16)
RBBBEPEDID. 2T, qm ER = Eler] O/NE WM — N EOEFMEICIES S
BHERZ NLVThHDB. ZDL X,

1
Yo 41 12t (0) a2
TOZRZAXED L, FERPICHIS LBk M 0 =0, (n=1,--- ,N) THRA 0 LAY, %
DIS TN — 2N TELED, ZHIZEVESDIRAEHETE 23, Z0HEIR

MUSIC (multiple signal classification) ¥% [13] £ EXN 5. B 5 AHEE O Hak O 5EEM
ZDOWTI [14] REESRI N0,

S(0) = (4.17)

BSZFDEFHBITDAENENIZAEVEMUTLED L WOHIBRNDH ED, EBRIZIZR IZAROY VTV %
FHWZ RN & o TELIZEHE S NS S > TSI TH 5720, EEEOIGH TIXRMEIZ A S 720
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BO5E  XEAENT

HE £ TORXHTEEEBROMN 21757208, BB, AR TEEHPLZ»r >N
KT LD 5D T, MIRRELTOYFEE LIRS 2RI Z IR LB bh b
HE WS ODENT B, b, ZITRNATECRIE, EEO T RonzRERHEI<S
DTHY, HOFIZHE L HEENT- DI DI —EHTHBZ L 2H 50 U ZHR
Wz WE 72,

5.1 HEFEEE

ORI EBAANL D LT RHFHIZE ST, HFE2MWRTS (MELasd) Z
CIHEBD DL SITE U B 05 LW, RIZLLAZOWHT, BEDHEBEHIEIZOWT
DR Z B A F DT U7 £ 55U MERGEE DR % 3 25 S EERIER D 272 5.

B, EHEOKNORFF X, REOES D% EWFMIC 3 » AREMBR U720 T, HHH
MEIFIITAZ—=LTULE o7, 554 ZNIEMIGEZRHITH 50, HENLRFZOEER
FIZOTBIHE, ol WOMIZZDHEOHE —FRIZEDEL ZENTE .

THERDMFEE N AR =T REFATHABHAROZN L IZHS PICRIR - TE D,
O DN EICBBEREDN B I N XA EE L VWO GE bW EEbhE, 20D
OB FIZBEHDRDMN

FIERA, THERTHEIEE, TV 7T AR, 2009.

Thd. BEIRT MBEIFOE LD ZDMH] PEMEI NI & THEE - HEHcBET 5
NELSZ 2 —MTIRIEHEEL TS 0o T &L, JEFIZavy X2 MzxedonTw
5. IOWRHETREZLIE, THMOHEZERLT, —RNZBZOHRFICEINT
WRWE D RERALHAE 52 5NTWEETH S, bRMAI, AEBIXEE (TELANLK,
JUMNKREE) MEERRZOZAERRIZEINZH D TH 5D, EBIZHEINZHNRZTDOHER
HNEKREE PN D LB,

FENMAEZR ECRE BELHZONTFIIRIZ0MERETH S, £5 A, WEDF
LIEFIZEETH 20, EBEOMGEO R TN 2 5HEDOHE N 55 2 % LB ARBUZEHLR D
ERB2 7, WEARBCTERHMIEIS2ERTHZOSEDLISDEDTHY, MENR
BAEBMLUTOWARWEEZOMD T TIHMAELNTVENZDEKERT SN 6K, X

VT OBERN RN ) ¥ 2 T LR FARFHEREOFAEEZEL TV,
IEEIZE D L EHIMBENEDREFTH LD, BALPIONHETARTWIFTWS Z 255 AR
HEMEDPERIND.
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517, BUEXYIH, HAWE TFOMO ST OMEE LiEms T3BoLESELLTH,
BARIRAIAREZ LoD DL THEL T EWBETH S, DO LI RHE»S, SR
WIZDOWTIRTZMEIT O XTI <, HETBEROZENEZIE S RHRE, HlZIE,

el — BB, MRILAREE, HHERE, 1974

BREEUSK D EMELF ¥ LYY UTHRATATIZLL. EBEOEEDZDHDESUET
Jordan ¥ &G T HZ L IIMTH B0, TORWOEEZETOHNIE, Ik,
ATWTRDNR-7ZEEBS EEDRKEZ L 2IRG5ET 5.

MR - SREHZBE T 2 ki, HIENRERRIZED S NER PR LG T ESLH O L JIE R
IZHD LD TS DIZ (LU TWBHISRDH 5D, ZONEOYFE T,

FOAFE R, NHEF, MR- HRENORITIE-, 2u )4, 2005.

DRESE#DTHS. HFEIEENEL, HHRRADBHOMFEZICHEL INDEAEN T N
I RZEFEDONTWAENS, TEROEENGHEAED TWITE LD ICHEINT WS EmHN
FEIES L. HEHIESNHEDIZE AL DEBHT, ZOXHONE2HEETNE O TH S
LEDONED, R EBALHERREFZTZVE VI AISIE

e ke, SRRSO 2 fERER, WIAEE, 2008.

PREEUVICRETH L. KT, o-BEREZEANTLLEMEIIOVWTH LS ENI L 9 HIT,
THROMBEEZIZE o TKEEM TH D L EbNs. 72720, TNz 5ITIERAH
R EDEETMD RGN L DM BN /25, BEMIITFOBHEERN R A Fa 7 LMTIFEENH
TWZWA3, IEEE Trans. Information Theory % IEEE Trans. Signal Processing D3 %
HRT BIZIE T DR BEIZ D I L HL0VDT, ¥IOBBETESPAFIZ DWW TH
BMINDZ L Z2ED 5.

IRFR, & - RHAR, SEEE, 1968.
Bz DIERENLZBERETH DD, £ 3FHAmE LT
R, buRY— EfEe Tk, < XFPEEE, FESERE, 2007

ZHATA A=V AT S, LIRS - MHOAREPHE 30 ) —X (HaH
) mETHBMEINTE LW, ZOKRKIEATIEZD 57, BEOEEFEDKRESHD P
TLFHINTE Y, HIZIEZDOARZFTA T OB F 2R T 5 & PRk OB 7%
EWia 2 ) 7ICHRTE s e b s,

iz, TEROHY F 27 AZEENLVWDEELETUHTHHEINTVWLIHFL LT
BT 3 D . BHBNEITEED W T X Z RN T & 21 CEIEWHT I DWW TR L T
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R,
(I, L0720 OREEN, BELTF4, 2009.

ME S WD B OB —IROMHED TEE T IZE L TH 5.

5.2 (S5 NIERE
EEMIOEROEREL UTAERVDIE, DI

S. Haykin, Adaptive Filter Theory (5th edition), Pearson, 2013.
THhd. FEHEOFILICH, PAERRIZEAL TS TR RO R E 3 RVH 5. £z,
B. F.-Boroujeny, Adaptive Filters, Theory and Applications, John Wiley & Sons, 1998.
HAKOHKTHEEOTESD, LOELT A NV XITEELZNRIZm > TV 5. AIETIE
Frilifl, RSPV > 7 1V &, dIAEE, 2000.

MEES LW, XA MVIZIEAVI Y T2 VREHDED, XA AHER T 1 F—T 1 V&I
DVWTHEREFLLEMINT VS, FERHOBERIFEL L TIEPPEELRARICIR->TED
HZFIZIEZDUN=RIDBEOVDE LR WA, Bz, T)V3— NEDOFHHIZBWTHEF
Vfil & MR D =)L O — REHAGF I I N T W20, 7 a0 F—7 1 VX E RBEOHIFIL
EDOLOMRHAINTVWEARY, EESLBIZOVWT XD EVWEREEZE-ZVWANIIBEDTE
%, BoETIE, HEMESLBIZ OWTOMXDAMELEH D,

Bl s, MRS S AL, JESTHRR, 2011
BEERSY, A ZME5ME, SRR, 2015.

R, AEPHELTWEZLDIZRRDIEVWNAETHS LHIZEBbNS.
MERHEFRIZDOWTIE

C. Bishop, Pattern Recognition and Machine Learning, Springer, 2006.

MEFZFTHY, HERAREHTWS. 32—V » TBWEE] 2 \Wworlz&X A4 MLhiD
WT\W5 720, EHGAEEXE S L R VWE B 5HEE WAL Lnd, ZTOH
RIIETOEALBEEOMEENH > THERELDTHS. EHEOWERETH, IROHEIE
TALZDHERIEL HOETIWBEOTFA ML UTELMHHLTWS., X7z, HERIEEME
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OXEEHBHRELTE Y, MAMEDTH YT+ 7o) — 2 CEEEE) P PllE %R
OREY ) =X (HIAHE) 723N FhE KEHH .

5.3 @ - BHRIEREE
B O EE T

T. M. Cover, J. A. Thomas, Elements of Information Theory, John Wiley & Sons, 2006.
R. G. Gallager, Information Theory and Reliable Communication, John Wiley & Sons,
1968.

RETHBN, LEROHFEIZAPDRPTVEIIZEPNTVSDIE Cover DATH S &
Bbh, FFRASH TS, HIREGHC/5HEICIEME, FHE 2L M B Sk
PEELSHY, BIZIT,

D. J. C. Mackay, Information Theory, Inference, and Learning Algorithms, Cambridge
University Press, 2003.

T. Richardson, Modern Coding Theory, Cambridge University Press, 2008.

WENFE, INRIRE:, Mk fF oo, B5EAE, 1999.

FIHILIE, 329 8T EEATO MR, FRLHikR, 2010.

BREEFRIE—EHZBELCWZEESZWXHENTH S, 72720, EHRERIIIOHEBZOMAEN
FRNDT, MO EN— RIABEWEEE S0 LRV, T W0WozmEizik, £
AP E LT

HAf#g—, HldfEm, b<XPEE, RESRE, 2011

MATA A=V Ol L 2BHDT 5. K2, MROBZELRT LS L ZA5DHMIZHE
BTHS.

LS TSR P AR INES

J. G. Proakis, M. Salehi, Digital Communications, McGraw-Hill, 2008.

MEHZETH 5. 1000 R—Y A ED D GHARATGR TH DD, AT LU - ZEiEEE 2 B
RUZBIZEIEF Y LI L TIELY. [EHRMREF D ONE» S ErNT

D. Tse, P. Viswanath, Fundamentals of Wireless Communication, Cambridge University
Press, 2005.
R. G. Gallager, Principles of Digital Communication, Cambridge University Press, 2008.
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BmEZ, BIDUR=IVHBDRSFIZIO R T WA S L, dfEE R, wE AR
DFIF TR R NED S DL VHIRD D D, Bt DA % MHE U 72 FIX D A=
DEGPNFHEINED, FETHERR L DI,

HEER, 77X 754 777 FEdk, A — 244, 2003.
KEERHE, INIEEZE, DD XFT WV MIMO ¥ A5 LEf, A — 2%k, 2009.

HEDT U AAGEMIEX MIMO J#{E D 7 3 A MMIEE D 72D DIE 5 UL F1E % =R I12 5
SDIZFHELTWA.
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AFETIE, HEEE THEZIZMH X 05RO BRI 223 S BRIz D\WT, T
ZR O FAN 2 MERE 2 W CEIA U 7. BIEOIERRE(S > A 7 I CIEIEE (B 5 5L
HEEPHVONTWED, 1FEAEDEE, AETHIHLU MNP DFED 2 \WEEDE
HIZHAWE T 7a—F 035 e hoTwWad, 7z, ¥EOBETHIALZT 1 VT4 >V H—
3iE, EBROESUMTHBZIZAHINTWSIZE2hb o TEERESUED AMETE
HbACHAINTVWE Z L IFMOTHETH Y, EEHEELFERRITI 2 THEWTRER - 725
WP BT, FHIEMMIZHAZIT 72, ZARERBEEGROGENRHTETREASZ5ED
WBERH LNV, ZZINEFEDO-ODEFUHEEHET 2 ETHES--THlnwe Il s
DT, KEIZ/D-7zBABEFTEBICFZHNLUTCHELTATIEL L.

AFDOBHEHTHRARZZHWIWERL TEZNE D NIFELZRELWE ZATIEH D, ZONE
IR ZBEAANK D LT HHFHITE 5T, KREHPEGEE D72 D5 5 UL H T % B3
L=z nidsEncthb.

BBIZ, BHIZZDE S BEEE G X THEHW:, I 5 MR (5G) BENREY AT LD
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=W WD E%E THEBT NV IHR R (RS @3N L 9L

1EZEES L, BHIARENET L2, 3 -rAMET, ABCTHIUZERZBIC I 2MPI T4 VT4 >
H—5 ] ENSEUIEDNTWBZ LR IS b ol
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