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Abstract: Focusing on the channel estimation accuracy degradation caused by the beam splitting effect in near-field wideband Ex-
tremely-Large Scale Multiple Input Multiple Output (XL-MIMO) systems, this paper proposes a Bi-Directional Integrated Multi-Subcar-
rier Augmented Bilinear Pattern Detection (BDI-MSABPD) algorithm. Built upon the polar-domain sparse representation framework,
the proposed method addresses both the sparse support set misalignment and parameter estimation bias induced by beam splitting
through a dual mechanism combining explicit polar-domain resolution enhancement and implicit multi-subcarrier joint optimization.
Simulation results demonstrate that the BDI-MSABPD achieves an average reduction of 2 dB in Normalized Mean Squared Error
(NMSE) compared with conventional Bilinear Pattern Detection (BPD) algorithm.
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Fig.1 Multi-user uplink transmission system
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TN 0, . T, S R 6, =
6.+ A6, PULITHE(50) 5

Jieu =6 - 'Ag. (51)
/. v
%'IJEAG <iElﬂL flg -9 <i T
f‘c N ’ n ny N ©

REBAM B WS LA, B, (0

YIFEE 10 0, A P 1 0, JE—30
LRkt ASCRE R Se R BPD BIE1S 3 M
JESORN R B 3 (A R MR 5, AR i e I O A b 3,

Ir AR 5 B 2 1 SRR A DAL O B R BIL R
R RBIREIES T, BRSSPI GA 1
N

#3351 BDI-MSABPD %3k

B EWES Y WAERE A AR PRERAE SR [ W

i < AR S (R E AR H

Bt — A bR B

1, :.C = diag%AlAlll ,AZAI;,‘--,APAQF

2.C =0°SVS" ,D = SV

3 A HERE D xRS S AT B AL B
Y=D'Y=D'AWH+D'N = WH + N

BB . AR AR By B

4 WG IRZEFEFER = [ ry -

%]

5.5 A BEEERAMERL T (n, ,m) 1 S 2R 50

Z(ny,m)

6:forl € {1,2,---,L}

7. U=WR = [uu - u,)

8: B2 (12) A= (15) THE R R 5 1Y £ B ke A

A, FUBEBBUREA A, I PP T 158 B3] n, A

BRG] n,

ryl = YAIH4E y =

9. v o= YW
0. U = w'R
M
11. (n:l,n‘i,) :argmaxz lu,((Z(n,,m) = 1)N, +
Tyfd mel
T(n,,m)) |*

12: 4805 6, XMNIHY T (nlyym) A6 T (], m) oA
JESREARG g K AISE AU n=[ny yny ooy oo g ]

13.for n,ein, ,n,,
14 ARHG ME— A BEBREAS n, X R0 F B RS m, e
{my, ,m,iz,"-,m,f(,k} , Tk S B R B3 3 4 0 1 3R B

,ngt do

15:.end for

16 WEBAG mRKIBWAEBER n=n,n,,,n,,
cong ] SR B m=[m,, ,my,-,m,] I8 LERIE
ORI IR 6,

N o A
17: el,m :T,H'" :SUPP{FHa’(az’rnd’fm)}

18: ;,’,,, = 0w‘><1 ’;I,m( Hm) = AT( By Hiv"')um
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19:u, = u, ~AC, I] )3,.(T] )
20 end for

21:forme {1,2,+,M} do

2.0, =Y,,UY,, UY,,

23:h, =0, h,(0,) =A(:.0,)y,
24 end for

25;retumI:I: [}All y;lz,"',];M ]

3 EREHN

X 4 BPD 5375 5 BDI-MSABPD %3k
(I E  TEA AR SCE IR BT RE, 2 R &R 2y
PR TSR, BPD BIEMEMEZ L
T 3 R EERT 1 G S ST DY T
TUHT . HAKIMT , BPD Sk 1Y 58 2% FE U5 S B ofe 12
FFR 2 A, LRA X Jk A &, BPD Hik
M RER T35 2 B nl 3RR A O(LN,N,PNy:M) +
O(L’MPN,, +L*) + O(L*PN M) , WEE1 s,
BDI-MSABPD 5k () & 2 BE 2k AP 58 7,10,
11,19 .23 ik it 2,

333%7 ':F', 1IIH cC NN xPNgp . R cC PNgpxM ’%7
Ha LRSER, Ut R 42 O(LN,N,P
NeeM) o 20510 w5 =A% A bR 3l 45 B 36 34 5 1Y
J7 ZZATARTE A B BORN PR B S A AR R AT T — R
1E AR IO FOR I 145, TR 10 &
HEHN OCILN,N,PN M) . HFE 11 F kAT
NN M U5, B IR 2R O(LN NM)
M TRl 2 F A DL I T A 5 i 21 25 3R 19 F
AR 23 LLFN R SR 4 BPD vk 1y 8 2 26 A
[\, A0 19 BRI N O(L’MPN,, +L*) . A5 23
MR O(L* PNy M) . B, AT BDI-
MSABPD Bk 2R .

O(LN,N,PNyeM) + O(ILN,N,PNyzM) + O(LN,N,M) +
O(L’MPNy, +L') + O(I’PNyM) = O(ILN,N,PN ;M) +
(9(L3MPNRF +L4) + O(LZPNRFM) o (52)
BDI-MSABPD Bk 4 F 5 O(LMPN,, +

LY) Yy ARSCHE M L T BPD BEny B 24 RS A 1R

T, 25 FE B TE AL TR BE S v 1) 835 42 57, BDI-

MSABPD BL5 | ARIES NG 2% B U T AFESZ ), 38

IR A 5 HE R AP e R A A = A 3R, X

{875 BDI-MSABPD 5:3:4F R A2l 5 25 H Al BPD

BR— I T BB T 2

LM . EBES kbR e KAG

4 MEZERSHH

ASCH I P (EE A A9 NMSE SR 56IE 48
% T BDI-MSABPD M5B fli itk my vk ae, oF
i 55 2228 i, QNP B A T8 A5 R L DL A T
B0 NMSE FH TIPS ARG E A AL
WP )

. |H-H|
NMSE = E(W)

T E R B R LT 200 RS0 K B 5
L RN, BT — A% XL-MIMO R4,
WA SR 1 PR,

®1 HHESH

Tab.1 Simulation parameters

(53)

28 18

BS RLHEE N 256

THBHE M 256

FEBREABN, 256
FEBSAEA KL N, 4
LY AR L 6

24 B /GHz 100

BPE f, CN(0,1)

PRSI 0316 g, Ueo,1)

Pl 3 X H T A E AL THRETE 0.1~ 10 GHz
W SERIPEREXS Lh . fHMRLL N 5 dB, AT RSN 32,
BUMEB N 10 m, e KEE B R 30 m, 45 ER W,
BDI-MSABPD F:3: A T HAM SR 1k 4 24 & NMSE fi
AN, SR TR G Tk WA BE B E S D BCHE 25 ( Or-
thogonal Matching Pursuit, OMP ) Fl[a] 25 1F 22 VT it 1B
( Spare Orthogonal Matching Pursuit, SOMP ) % # 43
SR UKL ( Beam Split Pattern Detection, BSPD)
A b5, OMP 1 SOMP . BPD , BDI-MSABPD %7 iy
NMSE ®IAG{ELAIR T - 18, Bl 3 17 5 A9 35 i, NMSE &
REA BT Tt X I DN D Bl {5 18 58 B4 i, Xof i
[Fi) > BRAF T 7 o) 1) - 28 D i 8 o, AT (S 75
AT B E 7 o) IO B , AH 2T, AR R
OMP 7l SOMP 53R B H 45 Ry ) NMSE {H, 2 B L
TEAL B GEAAE 5 I Y BE JIAS 2 o AR AR AR 3R B
SRR B YE S T BPD BVEAIA SO L, IR
45 9 {H 58 15 ( Iterative Shrinkage Thresholding Algo-
rithm , ISTA ) 15 25 T~ H 1] 27 > KL 5 X {5 16 25 44 1 A7
REZ IR AR  BONERE . T S8 R0,
Y 52 Ui i 55 DL I 3y 2% 2 ( Sparse Bayesian Learning,
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3 FEWHETHEZER NMSE {4
Fig. 3 Bandwidth-dependent NMSE performance of

algorithms
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128, AL Y, 2415 8 o 2 i ) B g IR A T s
FELR OMP 5.9 fil BSPD Sk GE 2 Btk , M
5, SOMP FIHL AL FR sl SOMP B vE 11k g fx 22, 3% 42
T 5 S B 155 AoA, ZWs T {5 S 4&1E
BRI, SO T 1 ME T 28T b A S
By EER, HR A FRIR OMP SBL . ISTA .BPD }
BDI-MSABPD Bk R Bz AL #4, Arit Bk
F BPD k42 dB,
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Fig. 4 Distance-dependent NMSE performance of
algorithms
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) NMSE PERER4f, RITERME S T, SOMP Bk
MELIE R B AR5 5 a3 h], MARARIE, OMP 1
SOMP FE7E NMSE PERERS AT , i AkARIR SOMP 5
) NMSE RSO T AR OMP 383 504IE T BR1E %
AE AN T S (5 T8 B R AE 1) 22 BSPD B39k
TEARAG M LU 251 11 £ B2 35, OMP i1 SOMP 5341
W ABFRI, OMP Fll SOMP 53, {50 FLA IR ISTA 54
PERENSAR T SBL S, Bl (50 b A4 7, SBL 39k
PERE AL T ISTA 3. BPD BLTEra (EMe bk 41
TPLT BSPD Hik, ASCHE LT BPD HiL Y
1 dB, FRIIASSCRAETE 2R MR LU AR F F AR R I R 4F
PERE , F H A RAFREEM:,

—e—Angle-domain OMP  —é¢— gpp
—e—Angle-domain SOMP =-¢--- Propose
S5t BSPD . --¢--ISTA
—<—Polar-domain OMP —.¢--SBL
—H—Polar-domain SOMP
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5
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Fig. 5 Signal noise ratio dependent NMSE performance of
algorithms
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Fig. 6 Pilot overhead-dependent NMSE performance of
algorithms
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Fig.7 Signal noise ratio dependent BER performance of

algorithms
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