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Abstract; The paper discusses the spatial correlation of channels in massive MIMO-OFDM system, and proposes a
hidden clustering hypothesis to simulations different propagation environments with probability parameters. Then, the
Dirichlet process (DP) in machine learning is introduced into sparse Bayesian learning ( SBL) model and a DP-SBL struc-
ture is established. Consequently, the hidden clustering features of massive MIMO system are explored simultaneously in the
process of channel estimation. Furthermore , the DP-SBL structure is applied to massive MIMO-OFDM systems,and a receiv-
er algorithm based on hidden clustering and Dirichlet process is deduced by using message passing algorithm on factor
graphs. Finally , we compare the proposed algorithm with the existing algorithms. Simulation results show that the proposed
algorithm can exploit and utilize the spatial resources of massive MIMO-OFDM system. It can achieve remarkable perform-
ance gain with low computation complexity and strong robustness.

Key words; massive MIMO; iterative receiver design; hidden cluster hypothesis; Dirichlet process; message

passing algorithm

WA H 157 .2018-09-14 ;2019-05-13 . f& [8] H 31 . 54T 4 48 - Mgzl

RBWH  HRK B RFA IR FIUH (No. 61571402) ; B Z R E 554 (No. 61705198 ) 5 i+ /5755 4 (No. 2019M652576) , il 1 44 - T

ST H (No. 182102210573 5 WA 2B /T E i B S50 H (No. 19A510019)

BEFHCA TR o 22 B [ P ST A )02 . 75
B ot B o 7 BEA TR R0 £ 2, (2 S
T KU MIMO RGBS IR WE IR AT TN 3o e AT , 26 96 R P 0 540 DL .



2516 H, ¥

2 4R 2019 4

W, ] A SR IBORS ity 435 18 45 2, 1 Ta] g 36 A1 4304 R
SRS MIMO 2 G5 B IF 5 3 s B STk e, o
B MIMO R85 TG TR F2A 5T EVD 201
EEEHEA T EHE IR RN R
458N ( Compressed Sensing, CS) F1 3 L1314 B AL % 44
A R MIMO 2R 553 3 45 45 22 K g R R
WIS SR A ol 75 X 7 5 T8 50 5 HL A ML Y 1 7 i
PE TR, A5 280 PR L 0 R P ) 4 e R 2 T 3
NITAER I — A WE TS . G, SCER (8 ] g 1R T
FE4R A1) OFDM R i (s B Ak 1+ Jr ik, SCk[9 148 s 1
FLF 6 D1 32 > (Sparse Bayesian Learning, SBL) [
KRIEE MIMO AR E. (2, ERBERFEMZ
PR ML MIMO 22 58 s A Y 25 [ FH G

TEIE I A5 ZF T AR 45 v 1 37 1% 3 BH6 Xt B 471
REAACSH AT 2EH 5307, AT AUERA KA MIMO & 42
PPN TR R £6 9 15 18 2 AT B I8 09 25 (8] AH SC 1, el A 24
I FH I 25 TR A O M 2 He WML AR ik B I S8 Ml . 3
HR 010 AR 1% K5 3B W) 0 GE W T 76 B 51 RT3/ Ay
TERAE AT WS v i A R 2 B A AH (] 4 7 i
P, fai Bk Sk 3 5] # 5% 24 ( Sparse Common Support, SCS) .
SCER[9 PRAZ 4518 0 T KA MIMO 422 AL, A1 Tk
A SBL A5 AU 8 T A R 28 5 A 36 (6] (14 8 5 56 40 A
(Hyper Prior) , {5 18 1§ & [ 7 5 14k 2% 11 1N RE A8 34+
—E M PERENE 45 . 2RI 0 T R MBS i, 5 1
R SCS RBANG L , 25 EB R PEREM 2. SCHR[ 1]
X IR AT TR R RS b i R AT T IX
X153 BE A XN KRB A SCS Rk, (HZ, X
Xl 7> RAEMR s 2 50 A7 - B U0, X0 KL 5 5 1 B
Rl o355 s DXt /)N, 0 AN BB A RCEE T B SCRR[ 12 ]
MR W I A W e W 58 1 B A I [R) 7 i 1 1) e R %2
R AR TR T B E B A T . 3
BRC 13 AR AR T —Fh T B AR 1 (5 1A
FTTFIREWCSR T , 2 B AR i £ 1 A =k T AR %
Fl-rm i oA ABOE & RS H A AR RZ& A A 3
A AR B | R 5 AR TR 6T 388 A B 2] 194 15 38 il Sk i A7
BfF-F4. 2 A AL I A R i S R I R R
A AR T RGLNERE.

AN6) T HIR P 18 2 05 v, AR SR P 2 2 Y
KA R (Dirichlet Process, DP) 134 8 4 i3
A S AR T —MdE 1] T 2 E 0 A ) A A 5
2 PR T OB MIMO R 48 Hb. 15 S 4 i =5
BRI RSN AT o B, $2 1 1 —Fh B R 2K 1)
MRS, RIRE [ 51 v IR 2 4% B s 1k R 4 Ry 22 1 3 58 1Y
DX, SR HE T A DP 3240 B R 2R 10 07 5. A DP
CQIRINE B L o C R (X LR A N BIEE IO CIl WIS
[Fi) i i e )ty Sk o) i SR — W, M E T HA A E

RRFFPE R RS MIMO-OFDM 3L . A< 3C
P AR AR X AR TR AL A SCRRL 6 ] v B4R 3k 9
J&. SCRRT6 1 A A kAT (i 3 Al i, 76 R A |, A3
BB AT A4 S R A7 Rl A, 48 i T 2 Rk AUk
WOHLIRLIE: . AR SCHY BB i m] LAV 9 S 4> T3 1 - (1) A1)
PR B0 A 4 U B AL R A0 ) SO U B A5 3 ik
3 T 25T DP-SBL [y K AL MIMO-OFDM A4 CHE L
B (2) ar 7R MLEE MIMO-OFDM )5 B3R 55, 14 it
TR AR AT, XA SCHRE G AU LA
LSBT EEAT T 58 R 05 5, WEE ] T
ARSCPI B 1A

ASCAF UM ooy, v) FORIIER w T7 220 v
AL e W o3 A s A Sch i U B2 B (f(%) ) ) =

[FCariCerde [ o) o' 4552 A BV S0 2

(MN) FR TR I8 FRBOE LT MN; X5 754> bR 5B
BLMRR f(w) =cg(x) W80 f(x) ocg(x) ;{5
PREY (Di-Gamma) i€ XN ¢ (x,a,b) = (InG(x,a,b))’ =
b'x" e /T (a) , o I'(a) £ F Gamma B, C(x;a,
b) 3R Gamma 73 4i; B (%3 a,b) TEA CH LR Beta
it

2 BREXRRZMETHRBKXME MIMO
FEEER

FRAESCHR [ 10 ], 2 [R5 i 2 48 P A~ 1) 2 19 AE & oo
RO E AR HTTRBUE AR 5. SCER[ 10 K4 i wE 1%
IS HES T BA AR b 1 e R R 2l iR

d,. =c/(10B,) (1)
3 B, AAEIEA T8, ¢ otHl SCERL 12 AR #E =X (1)
ST T % LB AS AR HEAS [ BE 51 RS 2504 F or oA i
B, ange 1 pros , Horb SIA 1 SVA 43 51| 3678 AN A8 F i
PERES RSB g PR A1) 3R 1 AT A3 4518 - S 55
ST FGE A Ve R, i SE A A5 (UWB) 5t T,
AN EA A Jr e [R5

®1 FRBEGREERREY S THREES R

bR B, (MHz) f(GHz) 10 x 10 50 x50
A 1.25 1 SIA SIA

LTE 20 2.6 SIA SVA

UWB 500 3 SVA SVA

M RBL, (1) E5 T8 AT Bl an, s K4k
ab.c ZIIEEW R . d, , <d,..d,, <d, .d, >d,..
PG (1), KER ab T be (9158 BA LR R, Bt
AT DAME ac WHRA L FREE Hib d,, >d, EH ac
ANEA RGBT, 25T (1) 45 ™



o1z M

B T BRI AR R A i UL MIMO-OFDM il sz 517

F 2R A« AE— 7 W A5 Am T, F A AH [ s i A P 1Y
MR R LR B d BYI/NTHEN, 2 d <d,, B, REH
A LRI R P PO A .y i, AR SR M — ol T
AR HN R S 75X, BBl S7 ] SR AT 4% 114 25 ) AR
SRS T LLAEL 5 A [R) 9 £ 1 20 2. Ao R A 1T 1
PR,

BT MBEMIMOS T A S AR

B A R AR — SORER, b B AR
R IERE A T, ik = p FORERA S T —
SCRRBA ARG LB, X HLE S p R
OB B AT 1 SRR Bk R K G
LN S, BB e RS FEZE A b IR 28 H
A A FTRHLAE HER N p/2. R, 56 14T iR AL
TR HAEMIARBIRLE, 5 1 5] 1 KL EAAR 28
RE. AN RE AR , AR T TR ML BEA R ER
AR PRI, BA AN [ 7 1 A AR 28 SR A — 5 L R I
IO AL EARIR. Ay A R B S PR, E X
RAZH q Fn MR R AET O R B R AR
.

3 ET DP-SBL Hy#ZEHLE FEE&R

ZE—ATCEAR M ANEWCRLE R RS T U A
BT P MIMO-OFDM £ 45 5 L x™ RR 4 u
FIP (UE) %k B sl o, '™ 2278 58 m A3l R4k
PR BB Y RS w AN RS R N m
ARUCR LR 22 0] (14 45 ok 45 %51 T8, D) U8 ) A 750w ) 3k
K

=Y R o (2)

Horb k f632 OFDM FE#E A5, 0" FmBME N 0 K

FER A B s B SL b I R 2R, IR R

Jphk i @' = Lol el )™ ] e Ry

HIEAMSk S, LR A5 G Sk R DU ) A R a E—
L5

y/im) = 2 Z GDA-/az(myu)x/i” +w/im) (3)

Hrb o, 0 DFT JEEERYER b ATES 1 500K, RAE I
B, ADRE B R BT A S B B R 2 i
p(Y, AX0) =f,(0) [T/ (@™ x™ )/ f ()

(4)

Hy={y" , Vm|, A=1{a"", Vm,ul,X=1{x",
V. X F IS, AR RS 2 AT LA W
i RAHEA i M 3, BT B i SRR AL,
T A A Sk 1) A A OQRR AL, AR SCHIA KR R R

SR Prite” LA T DP R, R ey
Pl By ar, FRRN B (ar, 51, m) 534, 220 p ()
= H B 1,m) , ITMKIE L, b=[1:K]}#2

Z‘ o, =1 RIEPTIU E @, Ay k= [1:K]

M RAIRFR LR 6 = 3, ¢,8(y'"). SISk T

IR KRR R AR o (™ k= [ 1KLY
B IE AT 2028, I DK L™ | B A0 J2 D0 - 3
TR, X % A T R & SBL i #E J5 5 v. 76 SBL
R S8y BT Tl ) AR F T R WAL E, R I
PRy VR KRR B o AR SR 2 H bR, 7 #17 SBL W
TG eh BET A 2 B A M R AT LA il A A R
plaly ) =con(a;0,y ") MR 040 p(y,) =
G(y;se,d). B E y =Ly, v, ] SRR
T, DR A A AR R T R A B 1) 5 R —41, L
SEILER A Ak T

F L3R T R R DU A4 3 1 2K R A TR A R CAE G~
DP(n,G,) , Hor m F1 G, 4350 o i BE S B0RI 3L 43 A iR
BT 9™ m = 1M | 3 MK RIS B G g
RAEAFE AHCAE ¥ ~ 6 G

G= iwka(af“) (5)
A, 2w, W2
w, = m.H(l -a;) (6)

H S8 m, sl p(m,1n) =B(m,;1,m). FE:(5)
o, 2SR RIS BOIE T AN LA, 58 SR AN s
BN K TEAR SO Rk — bk, B K = M.

AR SR UE 35 (RG22 K2k L P 22 1] B
AR, B AT I R4 i K8 % AR TR] UE 1 435 38 A
ST, B @ R e To k. 7E LT HE S A
AR w AU @ " BRI L R
Sele. 75 SRS, t TSR P 0 SR R A RS,
IR AL . B2 1 SBL AR Ty i 1
G2 L2 5] 7 B b B A SO R Al 1o i o A
R &R, B

pla™ 19"y = e 50, (y") ™) ()
Horpy™ FoR R o [ LA TCE IR CE U
PRI AR SO 1 " (9 G360 7 [R50 A, A
KR L R, W op (") = 6, Hoh oy =



2518 H, ¥

2 4R 2019 4

[y 0=1:L]",6 |30 (5) & . Ry 3 TH i i A 1k
A, G, EFED Gamma 73417 , I
b = T16Gi se. & T G AR i)
(8)

SAE AR B 1 e MR ¢ Z I R
KRB AR 2 = (2,2 1T Hh AT
o R A A =1 R o R T
kAR 2 NS Lo, ], M 2T
oA

P(Z(M) | {wk}k:l;[() = M( 3‘”1(}1{:1«)

WAIESE o, T, 1958 S, T LAAS 2 SR AR

K k-1 . K
p@" ) = [[ (7Y (1 -m))" AL "2
k=1 ~ k=1
K

ST L - ALY )
(9)
Hep e = (7,7 ] BAMSLFES R
p(al ) = 1:[p(m| n) = ]:[B(mzl,n)

A Hfm(mm) Af (@) (10)
NSV @ WS s o FBvE 2]
p(n) = G(nse,g) Af (n) (11)

SIATRMAS 2™ )5 FE A e (5T L

E TV

p(a™ 12" 3P k) = [T Lo (e :0,1/7)"
1 k

AT o 7 7
l k
(12)
L7 a2 )
(13)
B (3) ST B '™ HODIA B
PO a4 = TLeats X a0 27

A S (@ X 0) (14)
JCAR IR A (95650 RN Gamma 531
p(A) = G(Asa.b) A f, (1) (15)

gi b MEIC(2) ~ ZN(15) By RY | fBLoR R BORIZK
AVRE R IR T R A A AR A 5 AR, g UL e e
AR AR AR 0 A e BOHEA T R S A, B
p(Y A Xz, y,mm,4) = f.(m,n)f,(n)f, (1)
x Hff)m) (a<m) ’X(w ’/\)fim (z<m) ,77)

x I)M)(a(m)’al(k) ,Z(M) , ) H]Ayk)(a/k)) (16)
k

SCHRE 17 JAR 5 5 (16) 149 R 303 fff 4 S 1 VB-DP-
SBL B3 , {FURRL SR 308 il 45 50k (9 B 2% B o iy AR 3

AHBE £ Ada™ JEATIH T A £ R
it o 2 LG R K
P 1a") = TT6E" - X Aa")

A Hf;m) (£ @) éf;'") E™ &™) (17)
Forhm g A, RoRFEFE A W55 w 47, R (17) iR =X
3T DA AN R 2 f s R R AR R B A AR )
1M B 1& i ( Variational Message Passing, VMP) 1]~ T
{175 B 1% i3 ( Generalized Approximate Message Passing,
GAMP) By HE I 47 11 B 4.

m-th K KLk 1-th %

B2 7RISR T
4 ET VMP-GAMP i &%

S TSR 2 P PR R A3 R =
B BRI 43, AL A R A x A BRECY S S, BT
e £, It Sk RSBS54 20 A0 B S BT A
a FIRRECTT 85 S, fy s ORI B 1 R e B Fn SR 2347, (2
AR 2y vy MBRECT 5 £ fos fo f,r ALE
LRI EA5 T8 Al 3 Rk R 4 R 5 AR SR R 4, B ) A
YU 43 IR MBS 1 JR T, SRR M 1 152 4 1T 2 3] SC ik [ 18 ]
FISCHRL 19 1A 3053 .
4.1 Exgit
4.1.1 PRFHEFIRELNBRBYERITE

B — W ER G ERE o WEEICHN
b(a™ ) =™ 5™ v ) KA VMP 4 B 15 18 4
WL e (27) B
My o (5")
=exp {zi’") ({logy” DuGey — (y >b<~y;/~)( lo™ 1? +1/f;’> ) }
Horr, Clogy, ) o FCY ) 500y F0m logy,” Fily, " 1Y
Wy BELE b(y ) (R (25) ) e E)
(. g —2, R B (" 7)) FUEAS b(m) TR
Mzt ) Bl

)
m/xamg'zim) (Z/Em )
k-1

= exp{zliw (logm, z log(1 = ;) >b<n) }
=1



12 M FEAE LT RO R

R YRR MIMO-OFDM L szt 2519

= exp{zim) ( <10g77k>1)(ﬂ-) + Z <10g(1 - 7Ti> >/,(n) )}
/H\:q:',<10877k>b(,,) %HUOg(l —Wi>>b(n)%‘%ﬁ<ﬂﬂﬁ1§ b(ar)
HHEARN logm, Al log (1 —7,) KRR, Horp b () 12
0 (20) PR BITHF. A58 2" B b(z") R

b(z,f,m) ) = mﬁvmazm) (zk )) X H nl‘ff,':f“az;'y') (z,(r"'))

A
zexpiz" xE, n (18)
A

FEX(18) AR E, 5 S

k-1

B, D (ogm),., + >, (og(1 = 7)),
+ 2 (Uogn") 50 = )iy (L @™ 17+ 2,1)
bR (2" ) o), B

expl B, |

<Zx(fln) >b(.~;f"’> = 7"1/\A TAN G?’mk (19)
2 expi{ £, |
k

MG VMP 3 S AL BN, b R B 5 A (2 ar)
R b(2" ) HHEHE me () B
me () = exp| (logh" ), |
o 3 bulogm, + 3 plo(1 - m) }
HX(10) 2 X &M ER f, (a,m) = H B(m,;
L) fRA L2, 1535
m, ., (m) =exp{(logf,),, | =expi(n-1) 2}{, log(1 —r,)
Horp g XoRA R o IR, X (23) P EH. B
b(a) AR
b(am) =m, () x l:[mﬁ,uﬂ(ﬂ).

K
= Z’ exp{ 2 Do, logm, + [ 2 zk‘

+ﬁ—1]10g(1—77k)} l:[ (1—7TL)
(20)

H A5 7, = Zgo w17 = Z anmﬁn I E
5 b(m) I B3] logm, ,log(1 - 7,) E’Jﬁﬁé

<10g77k>b(n') = (7'1;) - (Tk +Tk) (21)

(log(1 =7,) ) oy =0 (1) —tp(7, +7;)
Horp  sR% o (- ) AR Gamma pR B dE— 5, IR
VMP 5 AL N m, ., (), BD
m_,(n) = nexp{(n - 1) 3 log(1 = m)) i }

oc n"exp{nz . <10g(1 - 771;>>b(71)}

ARG m, . () B (1) 5654 £, (1) = G
e )R B b(n) 155

b(m) o« m,_ (n) xf,(n)
oc nmv_lexp{— ﬂ(h - ZL‘ (log(1 —7Tk)>b(ﬂ))}

(22)
Ja U b () W ORI THE 7, 7551

) K+e-1
n =N, = )
b(m) h - Z <10g(1 —7Tk>>b(rr)
T

4.1.2 mHgHESASEEER RS EBTE

FIFHESE b (g™ ) R b ("), i VMP I L5 57
IJIJJ‘H‘;%;‘Z%/%\ mﬁ)"“fﬁy“ (71“) 15 @J
Mygom 0 (N'Yz(k) ) =exp <10gﬂ)“ >b(a‘,”">1:1b(z;"~>}

=1l = (160" 1 425"

R (8) 2B ik v, MBS A £, ()" o (3,
expl —dy," | I35

b e () % TT g0 ()

2('}’1 ) 7exp{ l)akl} (24)
Hor,d z Cu(lay™ 17 +v) +d, e, =Y ¢, +
ik iﬁr%ﬁﬂ;ﬁ%
<';’1(k)>z.(:,;“) Zgl,<log‘5/;k>>,,@;~) = P( Ekl) _IOg(‘z)m/)
ml
(25)

4.1.3 BREEMREAFEZMEITBSIERITE
AR VMP R F O, FLRE A 0 (7)) A
(o(y”) YRR me g (o) 135

(m) m)
My (") = eXp{ (logfy >17[b<zg"">b<‘7,’"> }

o< (o™ 0,( Y & G )u) )
L (30) H 8 E i B — kAR R R
e g (£7) =7 5 ). R A S, o
11 R O 7 o Zl-‘jiﬂfﬁ GAMP J7 ¥k it &
Mo e (o), Y BT,
q(a") —Cov(a“") ;0," )"

Horp RN T5 22 35 0

| A<m> 12\
(m)
V‘r = m ’
' (Z‘v;”)+v()) (26)
A( D) z (A’(ll>)* +&l(m)
b A 5 R Sk
é( m) _I;(m)
"(m) n
T (27)
v, +v

P

TE(27) L0 o FR I me g (£7) 92

A 22, P e (32) g, HE— i H A B o™ 1Y
ARG



2520 H, ¥

b 2019 4

4k

bl ) sempn o (@) xq(eq™)
AC(/V((X("L) A/<m> ’V(m) ) (28)
St B 2SR5

-1
A)=(2%mywww+uﬁr0

&[(m) — V;m) (m )/ (m) (29)
HE— AT mye o (£ )ﬁﬂ
mgn g (£") =can(€" 55, v, ) (30)
A¢ |
( >’A<, _ ZA( m) (m) _ A(M)V:)H”l)
(31)

TE LI, K (26) ~ K (31) HEFIH T
QWR%£EWMﬁ%LﬁT%@iﬁDMJ*WW
T BAL R HIN , ORI S A (£ ) B R £ 1Y
T myo g (£,) N

mye_go (&) =exp! (logf,"™) ) | Ao 387 "
AR AT 2555
0<n)_ m) (")—1//\ (32)
#ﬁﬁ%&”%ﬁﬁbﬁﬁhﬁﬂ
b&") ompn (€)% My gt (&")
Lo(g" 8" v
AR R R E AN 255 XN
("’)_((y(”’)) +( (m))*l)fl

g = (B v 0 ) (33)
5, AR R B L 15 3
/‘ a + NM (34)
b+z<|y ()|>,(§)

SR(34) b IR PR FE A S L SR 21 ).
4.2 EFXBAENMHHZIT

AR SCHRE S T A T B A 3 A K R 4 R e AR Y
FeUA L (1E/E CMP-DP-SBL) J27E 1 2 Pin IR 714 |,
I T J8 1 32 0 U 8 47 26 AT 330 1, 3 12 0 B2 AL
HlUnE 1R,

#3%1 CMP-DP-SBL &3k

1 WRAeAE R ¢, 50, 0y L5 Y m,n
%ﬂtnpﬁ“o“ﬂ'ﬁ[(,) <|0g(l _WA‘)>/A(17)7‘;]7X
for t =1-T

Vo, L (26) BH v A g

Vom, L3R (29) BT o™ Al wl”

Yk, Ll (25) By ) e, R (logy, ) e
Vom, k20 (19) B3 ¢,
Vk:EEit(ZI)E¥ﬁ<10gﬂ-k>b(ﬂ)ﬂ:ﬂ<log<l _7Tk)>[>(rr)
R (23) 7

Vom,n:his(27) S

NeRENCC RN e LY, B N SR (O]

10 YV m,n: iz (33) HH v, F1 &
1 Hit(34) B A

12 Vm,n:hiz0(31) 8 v, Flp,"
13 end for

—

5 hEZERESH

SRIIEA SCHE B UL 7 CMP-DP-SBL (1) 4%
A8, K H 5 DU SEE AT e B < SCHER[ 17 ] 46 0 A9 2
TR o 2k 2 A0 43 DLt 307 g Al o H 380k (e ol VB-
DP-SBL) , 3C#k [ 6 | $2& th i %5 T SBL W15 1 Al i1 5 %
(iek I-SBL) , SCHR[ 9 | $& M 3L T i fs R HA 25
SCS FREAR I Y S-SBL B33k il T 0 K & P4 51 SR 2 ) 43
IR AR A5 & Al T A L AL Y G-SBL 813k, STk
(22 ]t A 6 T R R4 5 L ) 1 <0 s EL AT A () s i 7
s BG-NNSL 83k, DL MR 2 2% B Al 1T B
WO T EA T X6 LA AT
5.1 EZ&ENH

G-SBL . I-SBL #iI S-SBL %7k Jo 2k A 4 75 e 40, B 4%
B[R] LAk SBL J7 325, BB 5B 50 4 5 2T o(ML) A
HE FE A8 R 253 o(MNL) A~ B

AN BT R BRI ks 5, R, J:17E %ﬂlﬂ
BILWE SR R o( MNL). %FF DP 28773, DP S48
MRSl T B A B o (MKL) | B T A7 76 46 B SR
i, VB-DP-SBL 8.3 Fs B il 1 F R 42 By o (ML), A<
SCHE ) CMP-DP-SBL 553k 1 #i i Al 11 & 2% 2 R
O(MNL). [A tt;, VB-DP-SBL . 3% Fil A 3C 42 H i) CMP-
DP-SBL 3% 1 B 1R & 2% % 43 31 © (MKL + ML) il
O(MKL + MNL) . [R5 L5 2 BEXT U E L3R 2.

F2 EHREREML

AR BRI TSR BRI
I-SBL o( MNL) VB-DP-SBL O(MKL + ML*)
G-SBL O(MNL) BG-NNSL O(MNL)
S-SBL O(MNL) CMP-DP-SBL O(MNL)

52 (hEZRSH
BEXT—AS KA MIMO-OFDM R 42114 _E 4755 8%, 1E
SEul CE 100 SCHMUR R, 29 5T HES K 10 x 10 AR
MR, R iR 55 8 Aul 16 AN FIRZR I, RGER HRBL
B 512 AT 0 OFDM i, b i KB MIMO-
OFDM R Gif)j KS BB E N 3.
®3  AHME MIMO-OFDM RS ESH

i REHL 1010 BT 4
P 8/16 THBEL 512

iR IREZ L 64 RIS (133,177,165)

AEE ik S 8~16 SN 16QAM
TN N 32 EEVIE g8




o1z M

FEZAh LA S = 11 i AR RIMR p IRALS
B q 0T AR (FIE A THERERELS 1 LU %22 il
AN 3 prs. WA LA

(1) I-SBL 3L B PERE S p M1 ¢ JCOG, X2 N 1-
SBL ik R R A AR SC AR5 B G-SBL Rk i Pk g
Wi p IO/ BT 3 P G-SBL RIAIBER K

FUENER, AT AR HA HH ] SCS R 1) K 2k 47 1k
AR R TR RE.

(2) BG-NNSL B3k i PERERES p 1 g BB R R,
IXJE P 2y BG-NNSL B3 2 68 AH 408 K 26 1y Sl B 047 98
1Y, g R, RER Mg A AL BOR S0k i Al T
AEMZE. LAk, p T g B R & FECREM I 2 AR
RRIB A2 AZ R, T 5 S B Al TR R EAL.

(3) VB-DP-SBL %5 ¥ F1 A SC & 4 i) CMP-DP-SBL
SEAE q A p BN REB AT HAF I PERE , H —H 115
AT REAR W 1. (R B g A1 p 193K, FESKE
Wkl oy B A IR, RS Z A B A SRR AR /) X
it DP 2R LAH /R 2 LR 2B H R, S B RESL K.

10 102
- I-SBL -e- [-SBL
~— BG-NNSL —— BG-NNSL
-~ VB-DP-SBL -~ VB-DP-SBL
. < CMP-DP-SBL| —~ CMP-DP-SBL
=g —GsBL |2 —<GSBL __ |
S 10° = 10°
= =
|
10+ 10+ }
10 15 2 10 15 20
SNB/dB SNB/dB
(a) p=0, ¢=0 (b) p=0.1, ¢=0.1
102
s s
-~ I-SBL -~ I-SBL
~ BG-NNSL % ~~ BGNNSL %~
-~ VB-DP-SBL ¢ -~ VB-DP-SBL \
— CMP-DP-SBL —~ CMP-DP-SBL
1=~ G-SBL 104l == G-SBL
10 15 20 10 15 20
SNB/dB SNB/dB

(¢) p=02, ¢=0.2 (d) p=0.2, ¢=0.3
3 fFiEAINMSERESNRAE (LT LR (S=11)

TERAESH ¢ =0.2 f5W: L SNR = 14dB &4 7,
FMER p =0.2 F10. 1 B, 45 505 10 45 308 Ak 1 i s 7 132
AL R AP 4 B, T LA Bl B R i,
A FEERE Y I T . BG-NNSL 5595 76 9E 4 3k 4~
Kk 8 .p =0.2 B PEBEMS O T A SCHE i ) CMP-DP-SBL
S E AR BT R K, vk RE VAR 25 AR SCHRE Y
CMP-DP-SBL HiLE TR ISME R p = 0. 2 ALK Z 0T
5 G-SBL ik kg2

AR SCH ST R AL MIMO 28 S8R5 45 1) 25 () A 56
PRI A A T8 A 1 RS 00 i 1 3 0, S T B AS ]

FE A ST R RIS R R & 1 R A KRB MIMO-OFDM 210 11 2521
102 10
D D
3
K 3
2 2 f
S 107 s 103
= - I-SBL = - I-SBL
3 —— BG-NNSL —— BG-NNSL
-6~ VB-DP-SBL -~ VB-DP-SBL
—— CMP-DP-SBL /+ CMP-DP-SBL
™ — G-SBL 10+ — G-SBL
3 10 12 14 16 10 12 14 16
E[BESiiDN 4 Ak A
(a) p=0.2 (b) p=0.1

B4 {58t HNMSERGARE Zh Sk Brs7s f 2k
(SNR=14dB, ¢=0.2)

R 53 R P RE , 2R SR [ 18 ] 4t i A I . 4%
B R R B A MR LA Hh e an ] 5 B, Hrp ]
(a) .(b) (c)BEMFELN =16, M p 5350 0
0.1 #10.2,(d)XE N=8,p=0.1. & (a) . (b).
() ATLAE Y R BRI B p W3R,
CMP-DP-SBL, VB-DP-SBL F BG-NNSL fi4 4 fig B g &
. BXIERh p BOK, RERRES I RIS 2% , 25 [A] A O
PR S  ATTT 5 B b 38 =B A 2 18] A oG P A 2 S L
SILMERE TR ;T 1-SBL B30k R 25 1B 2 Al AH G o, ik
REANSZRZ M. & (0) F1(d) AT LAFE M, 70 [R5 18 1 45
T R RERE 2 H P T i B B

M3 ~ B S W a5 R AT DLE AU
CMP-DP-SBL %83k % 2 2 $2 FH 5 S pL 0 15 28 A 11 A0
FFotPERe, JF B2 2 FERAR. A SO Bk i 2 o
FEFGEAE R S5 () ME T ERENE L, A
SCAT R R HL AT b B B S A 1 T A T R4 S AR N
%, AT VB-DP-SBL B3, I fig LA AR A% 52 2% B 4R
REArvERE s (2) BEAE A G PR3 I, R4 DR

0
60— I-SBL 10

~— BG-NNSL ]
~- VB-DP-SBL \
-+ CMP-DP-SBL9 >
e o L\l\*\
@ @
1 -~ I-SBL
| ~— BG-NNSL 5
-~ VB-DP-SBL
— CMP-DP-SBL
— G-SBL
475 6 1 8 9 475 6 1 8 9
SNB/dB SNB/dB
(@) N=16, p=0 (b)N=16, p=0.1

10°

b—o— - [-SBL
—+— BG-NNSL

s -6~ VB-DP-SBL
NN | -+ CMP-DP-SBL
x W ~ —— G-SBL
o Y 23
® | o LsBL \N§
—— BG-NNSL |
-~ VB-DP-SBL
-+ CMP-DP-SBL
— G-SBL 3
4 5 6 71 8 09 3 4 5 6
SNB/dB SNB/dB
(¢) N=16, p=0.2 (d)N=8, p=0.1

K5 Bl A pE R LAl i 2k



2522 H, ¥

2 4R 2019 4

AR ELA A () A L e 1, o A 2R R AAL0A 3R A S T I
AOPERE DL, PR A S $ 530 32 9 3 ) 7 R 2k HE 1) o
/) MIMO R 5.

6 45iE

FEXFRMARL MIMO-OFDM R %8, A SCHE T — R
H R AR 2% B 0 a6 AR IO ML AR V. B AR SO
TN T — P F B R 2R i A T AR T 1, IR KR
PR R G| AR B UL 2% > v, g 37 T DP-SBL 4
¥ SR 05 , AE PR T A B A% 3 ) 4 S T Ak AR
WCHESIL AR 2. 32 A BE A3 A ARl 45 SRR W], AR SO 4
S A BRI B R, O B DA By 115 A A R
15 B E P RE S 25

S7%5 3k

[1] Larsson E G,Edfors O, Tufvesson F, et al. Massive MIMO
for next generation wireless systems[ J|. IEEE Communica-
tions Magazine,2014,52(2) :186 —195.

[2] B3, I, 45175, %. MIMO-OFDM F 4 i)ll 45 )7 471 14

M R 2 O [T ] W T 2E 4, 2014, 42 (9) : 1781
-1785.
Luo Ren-ze, Yang Jiao,Li Rui,et al. The construct of train-
ing sequence and synchronization for MIMO-OFDM system
[J]. Acta Electronica Sinica,2014,42(9):1781 - 1785.
(in Chinese)

[3] Narasimhan T L, Chockalingam A. Channelhardening-ex-
ploiting message passing (CHEMP) receiver in large-scale
MIMO systems [ J |. IEEE Journal of Selected Topics in
Signal Processing,2014,8(5) :847 —860.

[4] Bjornson E,Hoydis J, Kountouris M, et al. Massive MIMO-
systems with non-ideal hardware : energy efficiency, estima-
tion,and capacity limits[ J ]. IEEE Transactions on Informa-
tion Theory,2014,60(11) .7112 -7139.

[5] Bajwa W U,Haupt J,Sayeed A M, et al. Compressed chan-
nel sensing:a new approach to estimating sparse multipath
channels[ J ]. Proceedings of the IEEE,2010,98 (6) ;1058
-1076.

[6] Yuan Z,Zhang C,Guo Q,et al. Combined message passing
based SBI with dirichlet process prior for sparse signal re-
covery with multiple measurement vectors [ J |. IEEE Ac-
cess,2018,6(2) ;13181 - 13190.

(7] 7ar, 4= 59, 950 , 5. B TIR A ORI i 2 N 22 K Ui
MIMO Z G PERE 3 #r [T ]. 8 ¥ “# 4, 2017 (6) : 1281
-1287.

Feng Zi-qi,Niu Yong,Su Li,et al. Performance analysis of
the hybrid beamforming based indoor millimeter wave MI-
MO system[ J]. Acta Electronica Sinica,2017,45(6) ;1281
—1287. (in Chinese)

[8] Schniter P. Amessage-passing receiver for BICM-OFDM o-
ver unknown clustered-sparse channels[ J]. IEEE Journal of
Selected Topics in Signal Processing, 2011,5 (8): 1462
- 1474.

[9] Prasad R, Murthy C R,Rao B D. Joint channel estimation
and data detection in MIMO-OFDM systems: a sparse
bayesian learning approach[ J]. IEEE Transactions on Sig-
nal Processing,2015,63(20) :5369 —5382.

[10] Barbotin Y, Hormati A, Rangan S, et al. Estimation of-
sparse MIMO channels with common support[ J ]. IEEE
Transactions on Communications, 2012, 60 ( 12 ) ; 3705

-3716.

[11] Nan Y,Zhang L, Sun X. Efficientdownlink channel esti-
mation scheme based on block-structured compressive
sensing for TDD massive MU-MIMO systems[ J ]. IEEE
Wireless Communications Letters,2015,4(4) :345 —348.

[12] Masood M, Afify L H, Al-Naffouri T Y. efficient coordi-
nated recovery of sparse channels in massive MIMO/[ J].
IEEE Transactions on Signal Processing,2015,63(1) :104
-118.

[13] Lin X,Wu S,Kuang L,et al. Estimation of sparse massive
MIMO-OFDM channels with approximately common sup-
port[ J]. IEEE Communications Letters, 2017,21 (5) .
1179 - 1182.

[14] Ferguson T S. Priordistributions on spaces of probability
measures| J]. Annals of Statistics,1974,2(4) :615 - 629.

[1S] JAl Y, £ RER, B K% /3% Dirichlet i 2 & Ho 25

R[J]. Baifb#4R ,2011,37(4) 389 —407.
Zhou Jian-ying, Wang Fei-yue, Zeng Da-jun, Hierarchical
Dirichlet processes and their applications: a survey [ J].
Acta Automatica Sinica,2011,37(4) :389 —407. (in Chi-
nese)

[16] sk, 725, ¥, 55. 56T EM-SBL kLAY s SI-

MO {5 MR E BRI ]. 72741, 2018,46 (2)
372 -380.
Zhang Kai, Yu Hong-yi, Hu Yun-peng, et al. Blind fre-
quency-domain equalization for sparse SIMO channels
based on iterative EM-SBL algorithm[ J ]. Acta Electroni-
ca Sinica,2018,46(2) :372 —380. (in Chinese)

[17] Wang L,Zhao L,Bi G, et al. Novelwideband doa estima-
tion based on sparse bayesian learning with dirichlet
process priors[ J]. IEEE Transactions on Signal Process-
ing,2016,64(2) :275 —289.

[18] Yuan Z,Zhang C,Wang Z,et al. Anauxiliary variable-ai-
ded hybrid message passing approach to joint channel esti-
mation and decoding for MIMO-OFDM [ J ]. IEEE Signal
Processing Letters,2017,24(1) ;12 - 16.

[19] Kirkelund G E,Manchon C N, Christensen L P B, et al.

Variationalmessage-passing for joint channel estimation



12 M BEAR LT RECR ISR A g R A HUEE MIMO-OFDM i bl s it 2523

and decoding in MIMO-OFDM [ A . 2010 IEEE Global
Telecommunications Conference ( GLOBECOM 2010 )
[C]. Miami,FL,USAIEEE, 2010.1 -6.

[20] Rangan S. Generalized approximate message passing for
estimation with random linear mixing[ A ].2011 IEEE In-
ternational Symposium on Information Theory Proceed-
ings[ C]. St Petersburg, Russia;IEEE,2011.2168 —2172.

[21] Zhang C,Yuan Z,Wang Z, et al. Low complexity sparse

EE®E T

B 40,1981 AR A TR IR T
LRI, EEBTTOT AR S AL ToEk
2 I 0 2.

RIEE U5, 1983 44k, T AN, 1
LJE YR, FERTTTS W RMBER R R
PR T AT TGk e i P 45

ERE  J,1965 A A LG EA
o, B, W A S, RS AR R
AP R AR R GE BT

Bayesian learning using combined belief propagation and
mean field with a stretched factor graph[J]. Signal Pro-
cessing,2017,131:344 —349.

[22] Wu S,Ni Z,Meng X, et al. Blockexpectation propagation
for downlink channel estimation in massive MIMO sys-
tems[ J]. IEEE Communi-cations Letters,2016,20(11) .
2225 -2228.

BT U3,1980 AR A INARTF RN, 1
LW, BT T 1 KRB R R R 5E il
fEE AL a2

B OB OB, 1982 4EH A W IEH A T
e YR, RS T 1 AR S AN D



