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OMP algorithm
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Abstract; In response to the challenge of efficiently estimating the channel state information ( CSI) and channel sparsity in extreme
large-scale multiple-input multiple-output ( XL-MIMO) systems, a joint hybrid-field channel estimation scheme and a simultaneous
weighted orthogonal matching pursuit ( SWOMP) algorithm were proposed. This approach effectively estimated the hybrid-field
channel state information even when the sparsity of the hybrid-field channel was unknown. In the process of algorithm design, the
Woodbury transformation was employed to replace the matrix inversion in the SWOMP algorithm, thereby maintaining algorithmic
computational complexity. Consequently, a low-complexity SWOMP algorithm based on Richardson iteration transformation was
proposed. Comparative simulations with existing algorithms demonstrated that the proposed scheme and algorithm design achieved
higher estimation accuracy.
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Fig.1 Hybrid-field communication scenario of XL-MIMO
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GifsiE = (hi)"  (hip)" 1" e VX W,
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A} il A 1E A2 UE B2 3B B ( Woodbury  transformation
simultaneous weighted orthogonal matching pursuit,
WD-SWOMP) 5751 A4 T 46 1% 3R e IR &
Dl E A R AT L E

h=argmin, ||, [y-Sh|;<x, (13)

2 R AR IR A T B, x O 5
LR LM HE, X (13) S 5 & ) 2 (single
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S — AN R F B R B BT LI T SWOMP
BRUGR S G5 B AR TR, S A RIS 5 .
JEAERE S K BME 6, Horb 6 SR T 2% oy AR,
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TGN M 5 0 SN BR 25 r A3 TEAR TS 1Y ] o
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(1) while true do;

(2) ¢* =argmax |/S"(: ,n)rHi, n=1,2, -,
(N+Z) Pk i P ERXT NE S 1 H KA1%K

(3) 2=0Uc" R BMINEELHI;

(4) h=(Sy) "y, Bl R/ — T s i 15 5018
B Y5 AR B3 B 53 1 1A

(5) r=y-S,h;
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(7) if FRZEMIITITIRZE/NT S then;
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(9) end if;

(10) end while;
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(14) end,

BE L size () My LERERREL, ¢l S
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BT 2 BEHE S AT 0 AR A A e o
FEESR W R, 280 o3 Mt ), JH 0 4 38 R S A R 4
JEAATE], PR, AS BIF 5 4 H0 AN 55 S SR bt i 72
BET R A RRIE A5 1 PR TR P SR 3 i 1+ B A 2
RIS 2% B2 [T B N A O 38 PE L 3B £ (low complexity
simultaneous weighted orthogonal matching pursuit,
LC-SWOMP) F3%

SWOMP 352 5 F 1F 22 VE it 3B 1 ( orthogonal
matching pursuit, OMP) Bk ki, ik, 5T
OMP #35: 1PE B, SWOMP % v 45 U i AR i b ok 1
(34 4R A5 B 1 Al 5 3 5 5k 2% R IR S R K
2 BB SR M L IE S, rank (S,,) = M, S, J2:
— IR, I HS e =0 HA — Bl x ol
Mx1 &, X TAEE D Mx1 IEF ) &
14 ﬁ:

(Sov)"Sy=v"(SpS,)v=y"Pv>0, (22)

KX P NIEER Gram HilE, P =(SpS,) " =P, P

SEXTFREERE R, P A X FRIEE AR [ . T B iRy

GRYE BT, AT LA A ARk A7 R A i e X (14)

TR MR W BRAR I R B R T E 0,

SWOMP B3k b ifs 2 H) FH e/ — 3 v5 15 246 S

H B T Ak mH ), Pt 3 AR A B T
fil e M YERE LT RN, Al DA E hy

Pq=y, (23)

2y Mx1 Iy =Shy; g A Mx1 1

fifem st fSCHER[ 23 ) TAT
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X, i HEERNE R, o S8, T XS

AT B M oo (S PRSI A T A I8 . B2l (24)
JEFF 15
gV =g+ y- PgV=
(I,~w P)q" +wy=

0q'" +s, (25)
K. Q WEMER AR, 0=1,,~o P;s NHE
M, s=wy, & Xo(P) NP WiEFE, o(P)=
Irsr}n;alstl)(m(P) I, x,(P) i P BIEE m DFRE(E,
R TR, A €€, € B P I M AR & =
E,==E,>0, R T ARSI 1e(P) 1<
17 Ko (P)=1-wx, (P), x,(P)=¢ LA
lo(P) <115

0<w<§o (26)

Hofr A (26) , WA R EA T % Bl S

RERSASEIAE | [ARE M Uk 00 TR B
B PR ER(4)  BIFS 3] LC-SWOMP 83,

4 1TEEZE

iy G AR A Y OMP 11 & 4% 5 43 51k
O(NTNP') +O(N’) 0O (ZrNy P’) +O ( NZ) F
O(N7Ny.(P)*)+0( ZrNy ((1-) P)*) +O(NZ) ,
SWOMP . WD-SWOMP F1 LC-SWOMP 5 4 2= Ji
R O((N+Z) TN N)+O(N(N+Z)) .O((N+
Z)TNgN.) +O(N(N+Z)) Fl O((N+Z) TNg(N: +
N,))+O((N+Z)N) ,HH N i SWOMP 8k Hid
PR U E R G AR . SWOMP 55k i Bk
W R AR AE N b B R0 B oK i 45
VERITHR G 2 FEEREAR R V- 05 I, 23 fff SWOMP H ik
R RERRRZ,

5 R EAM

ABI ORI B SRk 0 P e 5 LA Bk AT HE
L4035 R A % 1F 22 UE BE 3B B ( hybrid-field
orthogonal matching pursuit, Hybrid-field OMP) 5
1k 31 22 VLR B ( far-field orthogonal matching
pursuit, Far-field OMP ) %43 | 3ff 37 1F 3¢ VT i 38 B
( near-field orthogonal matching pursuit, Near-field
OMP) &1 Fllde /M2 J5 1% 2% ( minimum mean squared
error, MMSE) 5.7k . & X IH— LI 1R 2% Egs 1E
DA PR RE VAL Y BE PR vfE
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SR IR s ()= 1(1=1,2,,7) , {EIHE
BB, W JE S 2E S ¢ /> B ] ﬁifitlézﬁﬁfnv y, GHA
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TEFESECR 0.5 T B R 64 1915 B IR LT
T, A W5 E ) SWOMP, WD-SWOMP | LC-
SWOMP 553k 5 HA S 76 A [FE MR LT 9 Eys
Fedc s 2 s, HiE 2 AT, LC-SWOMP 34k
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Fig.2 Comparison of Ey, of the proposed algorithm with

other algorithms at different signal-to-noise ratios
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Fig.3 Comparison of Ey,; between the proposed algorithm
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and other algorithms at different path parameters
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Fig.4 Comparison of Ey, between the proposed algorithm
and other algorithms at different pilot sequence lengths
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Fig.5 Comparison of E,,; between the proposed algorithm
and other algorithms at different total numbers
of paths in hybrid-field channel
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VA bR S AR R0 22 | 5503 HE e 1) TR Bkt B
Z 3 ; LC-SWOMP B 3E AT I B 2, BT
38R B AR, HE— A E W LC-SWOMP . 1k 19 A 3%
% ; Hybrid-field OMP (1115552 4% B [k SWOMP 1,
SR T ER 2 B AR BB A AR PR SR R AR,
SWOMP &k e o A 18 Wy A 1115 21 de {4 1 1R
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