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r,(m) = H(m)-x,(m)+n(m) =H(m)-V(m)-s(m)+n(m),
=H, ,(m)-s(m)+n(m),
W, ¢ RATHRREE BRI sRE: Uk
H, ,, (m) = s(m) EHF5] R EH4y B2 X 4 CST A& FE I 21 5
NexNr & 2L MIMO 158 AR, Hoz-

i (D

H, ., (m)=H(m)-V(m)o o (12)

2 S 44 B i 4 A% R ML AL R R SRR & s (m) 8 BIEUIE T
2. EAT S CSIEEIE AT EEMARERE KT (CCMD %
K CEOE B R i B A). MMSE HAR LK BT THIEHE (SIC)
B,
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STF CCMI AR, BB En LS HFRIIEEASFEEM,,,, (m)
R

M., (m)=[H ,(m)-H, (] H  (m)=R,  (m)H ,m. A3(13)
B SR T LIBAT CCMI (R Ab 3, W -
_§m,,.(m) = Mccmi(m) _l;g(m)a

=R, ,(m)-H, (m)-[H, ,(m)-s(n)+n(m), AR (14)

= E(m) 0., (i’ﬂ),

>~ I:FI ’ gcem,(m) ﬂEf CCMI y}ﬁ)&ﬂﬁg?go EE%:BP_,:]](I’H) E,:Jé:él:*/gr CCMI j:ijt
Re SRR TS
T F MMSE F A, Balse i n] LLS B 28 (A1 9E R REM .. (m) 5

e

M, () =[HY (m)-H,  (m)+o®-IT"-H} () A1)
FFEh4r CSI EHM AR (15) BEBS5H T4 CSI LAl (8
MR R . B2, AT CSTAEHM AR (15 PR H, )

(& H, ,(m) Do
B SEAR AT DLHAT MMSE F R4, W

3|

~ -1
—S-p,mm.\'e (n'l) = _l_)-p_mmse (m) ' Mp_mm.ve(m) : !p (m)9

. ~a (16)
= Dp_mmse (m) : Mp_mmse (n’l) : I;Ip_eff (n’l) ’ E(ﬂ’l) + Ep_mmxe (n1)5

i, D, ,.(m)=diagM, .. 00)-H, ;] Kn, . m) 2 HT 550
CSI 1&%i ) MMSE JEEEE S

StF SCIHAR, RIFLAEEESH BPIKE s(m) T HIEIERTS .
KT EERL, TR BE s P& TR, (m) 195 TTZEX Y
F— NPT S . BERAE Ns MEL B AEHE r, (m) FHI Ng
ANBWHER, MTTIKRE sem) 1 Ns MUERFSH. 8%, SIC &
BRAFEE ST — MR E— N0 E, REHST A —RIKES —04H, %
s, RTRERREN, PUT IR R Ng=Nro

FELMNEL e, Hie=1...Ng, BBLAEXHZB BRI Ne A
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TSP (m) BEATHALE AL . FTH BB Co=1) MHANS
REBEWE SR, HE e m=r,m. BT&EENE (¢=2..Ng) 1
A SR EETT BB 5. T o B e Rl = 4 2R
BT 2 1A R I AR AR B M (m) ), LT DAE T 294017 25015 TE R S A0 P
H , (m) FE— SR CCMI. MMSE B EE AT M. H, , ()
ARESEREN B FIREN Ne-e+1 A HUE RS A= X R/
H, . (m) 0 Ng=e+1 1 o U S et X | B o /A5 — NG 2o ¢
BG,), FEHE— AT (i, R AR I, A
AT AR N AR RS BRI (d,)

PN SR T A T IR S ) RBH BRI AR K
EIFH. T HZ T, B S R LA X AT RIAH
7 AN (BN, BEH R, MBS G BIREIERC,)
HIRMG “EHREIN FERG), ERNWKE RBERRT S0 (s, B
e SRIG, WSS S 514E FE v om) 1% E TR B R 5 Rt AT 2
[ AbFE, FFiE— B4 45 5 (50T M AR B Hom) FH3RE, AT 3RS i
(5,) B N NTID B )« RJE, BMCESEERNE T HE0H B i
Nr MAAFFSF el (m) FIRE N M FRDEi (), WNMKBHATT
— AN B Ny MRARF S e (), B ) (m)=x, (m)-x'(m) « N

FES TR (m) TR T R R IR T 5 ¢s,) T S ke e 2 i

=k

BB AT T T ARG, BWCEAEN Ne MaART it
e () EEAARIAALIR, DRSS — BRI R0, HT/E4kp B+
BT R I RO AE RS B () WU E T SER B TR SR RS
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HORE ML EE R R (1, CCMI B MMSE), (2) kS HHEF SR
BB, DR (3) THE, BTEBEHBRTIKELIET 5.
BH, SNR 5B 7E 5 M Bob Ik 8 R BOE 7 50, B9 H0H
TRESCHIEY B R R E B BRI A T . AR5 X T LUK S R
T 7E 5 M B R B B AT 5.

% 2 BT I RS R R A AT S 5 R S ST A R 43 CST
2R a b B . AT R, fER 2 AR R SIC B

%2

Sk ERER R - #B4 CSLAL R
REHL | x,(m)=Y(m)-s(m) 2% [A] hb HR

H, ,(m)=H(m) V(m) BREE
B | M, () =[H, ,(m)-H,  (m]"-H, ,0m) 25 ) YR K
CCMI PRAE I

8o (M) =M, (m) - 1, (m) 7 ) fb B
BBl | M, . m)=[HY  On)-H, (m+o® 17 HY () | ZE SR
MMSE | D, ,,..(m)=diagM,, ,,,..(m)-H, , (m)] 2R P

8, (M =00 1 (M) M, (M) -1, () 25 [ Ab 2

2 R THA SRS SR TR KL
110 43 B2 B gt £ T AR (ERFEY R E 2200, Lk
b3 4 CSI B384y CSI ARt T A5 AL (HE 230). HEUSE/R 150
et 4 CSI B34y CSI AL BBt T LS AL B (HE 2600, BLKE
St BB | R A E T RO R AR B (SREAEY D (E 2700,
2 Fior, TEEFNT4A CSIFERSY: CSTAE AT A2 /T (WREH
IE), REPSERE N B R EHATFRY R, X S5IRNTE
BEAT 25 AR 2 8, B S AR AT AET Xt 4 CST Bk > CST ARt iT B
MBSO (R AL 2E

3. AR AREETH
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FIFH S5 RS 45, RRIKSFIHEE vin) 7] LUHT A RE) L5
B, TS SR AL S I BRI 2 MIMO {545 LARENUL . SRR
A Ak g8, TR B YR AL M AN & 7 — A [ ) B p WL 281 2R 7
MIMO {18 SEI. 1&5Es & al LIS R T H T B 80% MIMO R4
= R T 23 MIMO RS T .

B 3A Al TR AR MIMO R4 551 &5 0 2103 4
CSI 1: %1, XTiZERYE, 1M E AR m AT LS T 55 B 845 » (L
Em=n). AIUEEGTSAYWPEEEFSH—DREs(n HITE
5, FEAT R IHZA S B BRI T T EEBE Vi) X s(n) BHAT Z A
JB . B HURIT S [ B s(n) WIEIE, (1) = H(n)- V(n) B 2 MIMO {518
MR, FEA5 2 (8] I8 B FE B ML, (n) VKR s(n)

3B R T AL H I MIMO RSGEHEH T 51 RS 5 E1#H
CSI f&%i. WTFiZRY, EHMEEEnm T LVET T, (B
m=k Do WTEFSEY, WTLESTFH P RFEIRR T8 — 5
B s(k), IEAEHEIHZ PR RN S 5IHERE VE) st AT R T R
BHFEF SR ;) WMBIH, (b =Hk) V&) B MIMO {5181
R, FEAEH A5 (R PR AR AR R ML () 4 s TR o T B s(k) FNTEFE V (k)
HE) UL EM, () RS AR E, (B0 T B W IF AR R
He

i 3A 3B FR, WRAREIR S SR T AN iR,
) 2 i S A Ao P 0 25 V) 90 0 2 R P R A S PR R b m B R . B
1% 8 W RS [ HOm) TE— R VBB N 2B 2 M EAERR, XE2
. Fiin, 728K MIMO &4, T B P50 205 N
PV MIMO {518, Hk) fJUETFHA ERBEER. X, f£8
H I MIMO A&, S FAEEREZEEN MIMO {518, H() L
7E 45 52 W B 18] 8] B P 2 B 5 B0 o A2 I 1) B) B v A R - T R S 4 dfe
PB4 R a6 4 R AR I A, %R R 5 B LA I AT 4 6D
FfEAD

FH ST A1 T T AR AR 1P 5 ({5 T i S e P 2 ), 5l
TE H(m) FIHm£1) 218 1%AB ST LA F i 2E Bl SE R ab T 25 1]
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VeI SSAERE T TR B AE AL - BRSO - BT E
BEAT I

A. EHXR

FIFAHE, FIT MIMO {51t i1 380 A M 76— F FUAR
fEmEE R R, I, m=1..M, M ETUEAT 1 0
R sE. Hitk, H)=HQ)=...=HM)=H.

R T4 CST B, AL B T 4 AH 56 (3 000 S A6 3 ) 2
FELE M., (m) BT s

M, (m)= V" (m)- A" (m)-E" (m)-H" o AN (17)
SR J5 T LUK 25 (R 2R A BE M, () THEL A -
M, (m)=V" ()M, e FeFm=1..M, AF(18)

HAp, M, o =A" BB SRR EUERASFERE, RIZEAEH 5
B S SERE WL T T4 CSI BRI 28 [ JE IR A5 R0 M o A 25 () YRR
BRARPEM ., . ASEAEHEE B m MR E BUOMME B W N AE P B2 R 2
(. AT (18) Fm T AL MRS B m 175 A YR IR AS FE I ML, (m) AT LA
3B I A A B YR A AR FE M, ., PRGBSV T2 AR R 25 T (107 5
5B BV (m) RIREL o

B, Ay LG A s AR PE M, (m) TFE N -

M, (m)=W,(m)-M,, (1), HHFm=2.M, il (19)

Hrp, M, 0=V'Q)-A"E B LR W,m=V"(m)-v@). 23 (19)
R T &AL SIS E m W2 (A1 I8 U 28 FE FE M, (m) P LB RGP T 4%
TS FE | A IR DS ES AR R ML, () TRAE T LAKERE W, (m) K IRHN . FEFE
W, m) RN, HPm=2.M, BNEHEEZELFRUNAE T
KA V(m) A V) SRIREL o AT LU EEFE W, om) TGV A B AE T
=P,

S F T4 CSI &5 MMSE $AR, 7T LL#AE A A8 < 5 E
R 5 B (25 [A) BV AR PE ML, . () RN N 2
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M e (M) = [H[ /f(m) Hf //(m)'*'o- I] f //(m)
=[V?(m)-Ef B H-E-V(m)+o*-1]"-V*(m)-E” -H", A3 (20D
=v'(m)-[E" H" H-E+o*-1]"-E" -H"

A (20) BEHMR@A B =B ATV V' =1 FHHT. ATLUEL
i (200 A RFEILA IR R A -

v/ .E" - H" H-E-V+o’-I]=[V'(E":
=v'E"-H"

Hep, ATHEHEENEIET “m”. B/, 7L LS _4Ff
SR FUE AR

[V'E"-H" H-E+c*-I)- V"' =[V'E" -H'-H-E+c’-D)"V],

Hrh, XH _ X—l .
A LUK 2 (A YR AR FERE M, . () TH DR

M=V (M) M, e e ? HAPm=1..M, ~nEL (21)

M, e
HF, M, e =[E"H-H-E+o? 01" -E"-H" . 5% CSIEARRLL
F T AL 455 B m S (AR IR B FEFE M, . (m) TT LA 3 4 56 A 27 i) K
PEBRFEE M, e e () TRSE IR L5 %E IﬂE V7 (m) RIRHL . B AT LK
(A UER BRHE M, . () VT B

M, () =W, M, . (1), FHF m=2..M, A (22)
Heh, M,,.0=V'0)E-H HE+ I"E"-H".
ST COMI oA, T UK P 4 HE 5625 1080 S 46 e 1 24 1 e 38
%EB%MC,(m)i%TjJ-
M., (m)=[H) ,(m)-H, ,(m]"-H, ,(m),
=[V"(m)- B - H-V(m)]" - V" (m)-H",
~[V"(m)-R- V()] -V (m)-H", A (23)
=V (m)-R" [V ()] -V (m)-H”,
=V*(m)-R"-H",
Hep, v =Vm), BEhVm) .
R, AT DAY A (A e 2SR B M., (m) THER A -
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M., (m)= V" (m) M, e r HePm=1.M, A5 4

L, Mo, e =R™-H o WAL A A UEBERHEFE M, () THE N

—Ci

\

M., (m)=W,(m)-M,,,, (), HF m=2..M, A (25)

He, M, 0=v'®)-R"-H',
ST FF 284> CSI 4£%1 MMSE R, A BUEAT H e AH 518
HE) 7 46 B ) 25 () S8 A HE E ML, (m) TR
M, ,..m)=[Hs  (m)H,  (m)+c” 1" -H , (m),
=[v/(m)-H" -H-V(m)+o* - 1] - V" (m)-H", N (26)
=V (m)- 1" H+o*-1]"-H"

AL ASLL EAR 20 MR FRSFHAR (26).
A LA 2 [A) kv 28 P M, .0 WHEA:

M, () =V () M, e e T m=1..M, AR QD

HrF, M, e e =[H Hio? I H” o ] DU 2% (A 8 35 4% 40 FF
M, . 0m) TSN

M, (M) =W, ()M, . (1) HF m=2..M, AN (28)
B, M, ,,.0=V"0)-H -H+o - II"-H"

23 M T A AR TS B m=1.. M P T A S
S [ (1) 4 CSI Sz #0843 CSI A% 25 (R E K 28 FE R i TH 5

7% 3 - {3 Pl A AR 0 7 () R 2R HE
B 25 |8) 8 I A8 JE B BAR
4 CSI | My e =A™ -ET-HY, LUK 4 CSI
M, (m)=V" (m)-M 4 pue
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CCMI
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M, e e =[H" -H+o? I -H", BLK MMSE

==p_mm

H
M.p mmse (771) = X (m) ' Mp_mnm‘e_base

W, TUBHETERBEE NS MIBESEETER
M, (m)=Y"(m) M, ., T, ThE “x” RRBWEHLEHEEAR, HAT
DL “ fesi” “ f _mmse”s “comi” BL “p_mmse” o WERAAFH ST K
o4, AT LA R AR AR EE M, . o

47 H T AL FRER 400 X EEAEREEE m=1..M FTE 2 (EE
I 7 4 S ) 2 1) 0 U SR e AT TH L IR AR . 58, TH AR ]
VTR ISAERE M, CHE 412D, ZUT4A 7S 1) SR A8 HE AT LU Z AR A1)
SV BAEMEM, L., HETWMFSH: (D FERNEFHR: Mk (2)
P 3% 434 P F WL AL B B2 R (5 dm, 4x €SI A T4 CSI ) MMSE,

CCMI 5L TEB45 CSI [ MMSE). 48K, #]Uk=S 8] 98 U% 25 5 Bl nl
DLEFE TAABEBEn=1 [ AIERSEMEM, 0, HAJBETHM
vy .

SRIG, WIRM, =M, .., WHEEREEIEREm B 1 (W 4
B, s, WRM, ., =M0, UWEREN 2 JE44. RE, &
T T4 25 1A P SR B M, |, A0 FR T ARSI BE m )25 150 P V(m) 115
FI T A 4B 1B m (025 () VI S S0 M ML o) (AEE 4160, BT E, AL
BT M, . M V) BEM, ) F W, o) THE M, (), 01 EFTIE. ERAIL
B <M (HE 420), INERE SRR “R7, BMamfatrm (HE 422),
3 H AR FIFIHE 416, UL T 57— & 5% BE I 22 [RIYE B an HE P
AN, HERAEHE 420 1 m=M, ABAASRIJERK B FELEM, (1) B M, (m) 7T
PE T EWRGEMEr,0) B r.0M) REZEEELE GE 424), 8K
BT RERELERTE 4, (HRE—BAERTRIEREEM, () i
BB S B, (), &5 (B I A% A6 B At vT UM Tl =
(B Ab 2R
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s I R BRI

B. o

FIREE 5485, T MIMO {518 45 18 ma S AR R 7E — R FIARR
HfERIBEE RS AR RS, EIERT, SHAMEmesE itE
2= 8] e v SR 4R e AT DUH T B SR T 5 — B [ m B [00E
der 3 SE] L

TE—ANsEsaE h, MBS TR S5 ©, M
IR S 5 % B o it 4 1 2 1) i R 2 JE B ML, (o) TR ERAS T TAR Fris

¢ FEARZ A SRR AR EEM, .. (0, J1T:
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RIG, FHAZSERBEEM, . BT SR TAEWEE- (Gl
m=0+1) BIFEAS A eI ARFEPEM, o, (m) « 100, AT LME A E S XS
M, .0 BT — AR H RS R REERITEM, . (m), AR
M, ,.(m) IR T 5. ARG, HATHE MMSE 77 REEUE
2 (filtm, EiERN MMSE 8. BEEH. KERIZHS) ZE5,
DR b o 7 B AT 95 o AT DK T AR 58S 15 m 1 28 (R UE R 45 HE I
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M, (m)=V"(m)-M, ,,.(m)o A(30)

Rk, ®OBL K i oM BB RS OE N
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K “=” RoRARIEAE. EAFEERSEEM, .0
M, ,..(m) NELIE S5 R, T 75 (RIS R AR B ML (0) R ML (m) 73 B 45
FATF A4S o F1m (93 5 Vo) FV(m) -

75 A —seiat b, A PRI ARSI M, o) ER AT AR IS
R, SRt E A TAREEm 12 IR A M, (m) o 7T LURYE
B oA s B o T S R0 S AL R AR AE IR ML (o) » SR HBTERIFI,
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Heh, W,m)=V"m)-V©) . 7L T IZEEE] IR T4 2N
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S F LA B SEhEFIsR G, TG M, .0 F1 M (m) #L09 FI 2K 2t
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(6 22 1] SR 8 0 M AT 25 (R B It SR AR PR vH L RO AR BRI R 500 AR
Bl BHT A48T — MM S e R i ok e=1 M m=2 (I
5120, ARYE BTG (B WL AR B B AR SR THE T A5 s T ¢ 10 228 RE
BEALAREREM, (1) (HME 514). SRJF, T EIEEIRFEMEM, (0 LLAES
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m P25 (BRI 25 HEFE M, (m)  (FEE 518D,
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4. B5|HERE
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SB|4EREF I —A . BT L-1 A5 5156 i g AR FE 4T IR LA
RRAMFEHE R E . BB DR AT e 3 S 5l . AR
BEBRAEME, CUER X EiR &= A 0251 MR W AERE .
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IS n AT B mFITCE 4, , I LRI A
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RT Walsh 4EFE (Bl 4X 4 2 mH5ERE) SHBSIIAEERAR
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