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Abstract: This paper addresses the limited decoding performance of spatial modulation (SM) systems with short
codes, and proposes a two-dimensional polar-coded spatial modulation (2D-PC-SM) system based on two-dimensional po-
lar space-time coding. Unlike the one-dimensional polar-coded spatial modulation (1D-PC-SM) scheme, which encodes on-
ly in the time domain, the proposed scheme further introduces spatial domain encoding to fully exploit the spatial dimen-
sions provided by massive antenna arrays. Source information is jointly encoded in both the time domain and the spatial do-
main to generate a two-dimensional codeword matrix, which is then transmitted through spatial modulation mapping, there-
by improving transmission reliability in short-code scenarios. At the receiver side, leveraging the sparsity of the spatial mod-
ulation symbols after space-time coding, detection and decoding receivers based on orthogonal matching pursuit (OMP) and
approximate message passing (AMP) are proposed. Simulation results demonstrate that the decoding performance of the
proposed 2D-PC-SM-AMP is within 0.1 dB of the one-dimensional coded system with a maximum likelihood (ML) receiv-
er. Meanwhile, compared to minimum mean square error (MMSE) detection, the OMP- and AMP-based detection and de-
coding receivers significantly reduce computational complexity while achieving a 2 dB decoding performance gain.
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Figure 1 Two-dimensional polar-coded spatial modulation (2D-PC-SM) system
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Figure 2 Two-dimensional polar code encoding scheme
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Figure 3 Compressed sensing sampling process of signals

2 BERMFELZEEYIZIT

T£ 2D-PC-SM R G, BB BUAL A — R R
T EEGS, AR A, T, A5 A
T OMP Fl AMP f9 K I 85 v DA R AR A 5 Rz il &2 2
JE o T Es R RS AR i AR SR e R R 5 R
5 A Mk 4 38T R st ee .
2.1 EFOMPHNA Z 4R FDIFD

FEA SC O HE 1) 36 T R 28R 5 ME 555 £ 1
OMP U ALY, 14 S fd ] OMP 550 v 7 A5 by i it 16 4
IEAE BRI AR 3 BRI R AN B A T e A A2k P R
e B o M 4 P B A AR . KRR i ¢
WE R RG], WHIFF 55 MO TEE R LR T4E
AT RN IR AT R R R B A5 R

TEAR AR, G S I R e R SR T BT R
manT .

JAGI N Oy topR(arg max ‘ ij,(r)
J

) (4)

o H S (R A M H O SEHRE 3R
WE B3 51 5 o S8 0 AR E 8% 2% 5 top,, () 675 1
FEEUAT RO RO RAS R 251

FRA At (4) BT BRI, 46 £+ 1 U A TP 2
L e A T,V A X 0 £ 3

TS BT S AT, HE S T LR IR
y=H,.b+z (5)
Horb H, R R H b R RTIEE T X8
AR LR
I e/ Z et ik 55
bV =arg mbin ”y—HF(,,,,b ”z: (H;m.,HF(,_l,)ilH;(,‘,)y(@

SRIG  WHARTE B & AE S AT R e, I L
ok S 2 R A L LA R AT S e A
M Z 0 Q(_)(é(wl)) (7)
Hidr, Q) by 3 T fie /N RK EG B AR5 5 KG 0 pi B
XFE A U RR I LLR RT3 UV, 3 T BE 4R
B T M B3RS B2

X Fu=04F
~ 2
P(b|u,=0)oc 2 exp(— b—cjs " (8)
del.se Mu,=0 o
Fu=14H

2
P(blu,=T)oc z exp( - b_‘zls ” (9)
del'seMu;=1 o

Horp d AP B KRG ;s & H P L0 2
B, a0 M (9), SR HRA LLR £k,

N 2
5 “%_M;?H)

del.se Mu,=0
N 2
b—ds|

z eXp|— 2
delseMu=1 o

FER O B BB BRARAS 1 o4 LLR 416 UK
15 B L i A28 (Rl AY 74 305 PR 2 R AT
VPRRG 75 21 45 A FL RO B TR S AR B AR 4k
i 5 1) R 25 4k e A B B HE 51 B S S B ]
IR B A B B L K AR B L B A ]
) SAS RIS 2% WK B B A G S B i SRR {5 8 LA o

SERE N G SRR A RN 1R .
2.2 EF AMP &l 4R 40 AD1E D

OMP #6055 325 75 25 6] 9 1) 2R G vh 48 ) % 31 S0 1%
A5 VB PR DR ME LIE IE , J0 1 fir M AT R AR BAE )
R REAZ B . Oy HE— 2D B T A I A R, AN
SCEE A R B G AMP KA
FH G OMP 1) 5% 48 7% U0k £ 5 i, AMP 38 3 2% 10 B
& ML AT S B I A s e A B PR B BRI A
R4 2H TE SRR R I A R O R MERR DR (E S . AMP
G A %) 5 AR SRy s [ b Ak A R R 4 1 A R
BN, 35 a3 [a) $ A RS [a] 5 95 2% 5 0 Ab B, SRR 4
e AL TS )RR PR &

(10)

LR(u,)=In




#0031

HiE1 ETRSIFMHFSERN OMP B SR IMIFADZEWIN

BN A By, (5 A R S KA T 1% 22 A e, 1 e 4
IRHARER;

B ARG B AT i

VEEMIIAR 2% ¥ =y RERRTIE T, = D00 b = 0,2 R UKL T,
IRZHHe=107;

WHILE ¢ < 75| r® ||2<g

THRRLR ST HA" =arg max | H'

>

E%ﬁf?ﬁ%%l%:ﬂ”1)=F(”utopk(arg max | HrY
J

}
HEMHM:D " =(H ]\ H ) H\p;
HEAFEEHIYIE S R M V= M0 Q[0
FHR L=y~ H b
BARHEON =1+ 1;

END

FOR B HUHF u,

A2 (8) AN ()5 J B Al
MR (10)1 15 LLR {H;

END
H4- 4551 LLR [0] 38 L™ iy A8 TA 23 [ RS 2% 15 20 1951 LUy

P4 J5 5 LLR IS [ — 4 P A
A4 20 LLR 4247 8 21 45 8 i 4ol g 5 11 LLR [11) d 5
A% LLR [ 55 L g A2 SN T30 3 2 it B A 47 A1)

SERAE N A 15 B LR T 1

SR,

AMP (3% A T E R
1 .
(1) _ (0 = =1 ’ (1=1) 7 out=1
=y -Hb"+ 1 <;7H(b’ +H )> (11)

5(:+1):nl<5(t)+Hfr(t)) (12)

Hop o= M/N flif & 7 UL 46 M H W R 40 b . 24
| v — o | A% F T 5 5 1 = sk 3] e K 3k AR ok B g ¢
IR . R AR b b AR A B 45 P
TG 1 R 2, AR ZAE WL R A 6 A5 5 o

X TS i A oA, 75 A R AR T LA
X T A A BE AT AL AT R AR . BARS
KWTF.

X Fu=04F
~ 2
P(I;|ul.:O)oc z exp(_|b_ds”) (13)
deD,seSu=0 0'2
X T u =147
N 2
Plu=Noc > exp(_ b-ds ) (14)
deD,seSu=1 0'2

Horp dF s BT RN R 25 KL RS MAFS i b I
i ik AMP G 45 3] & B 18] i A AR THE ; o SR MR Y
FE, RIEXR3) MK (14), &AM LLR 8 7] L)

IR o g 16 7 i e e A v TR N 1323
RN
~ 2
3 emﬁhw?ﬂ)
LR(ui):ln deD,seSu=0 o (]5)

~ 2
S em&hw?ﬂ)
deDseSu=1 o
X8 LLR #8812 Ta] A Ab 6 15 2 1 400f5 2
W] a L, FE 25 (]l i B AT R RS, 15 B A4 A
FEOLE TR B LLR . 03X 22 500fF B % T AR 48 —
A Jht B (1% 0 235 A 5 HE A T S I 1] SR - F 3 1)
BT B L™ B A6 Lo A 6 P B 27 7
i KA G AR R .
FE T AMP A 35 R I 35 B8 H2 ML AR Tk n AR vk 2
Ji s o
k2 ETFAMPHMBEAKIIFLER
BN BRIy A5 AN H A T i 22 B (1
B AR B A THE i
BERNLHR 2% rO =y TR 5= 0,715 a= NN
WHILE ¢ < T8 ||r |, <&
R AT =, (BO+ HTFO;
ﬂ“ﬁ%ﬂ'ﬂﬁﬁ%:r(’Ey—Hé('u ér(””<17,',,(l;(””+H’Lr(H>)>;
AT EON =1+ 1;
END
FOR B4 HEHF u,
AR (13) AR (14)HH 3805 AR,
HRAER(15)HH LLR {8
END
P EEF LLR ]t L By A 2] 7423 [ S0 25 15 2 1951 g
A 5 46 LLR I WS [l — 2 A% 74 %
PSRN A LLR #2647 T 241,45 20 B S 4 5 14 LLR [7) 2
5 LLR J7) 55 L5 g A5 S AN ) sk 26 288 5 284t In A AT 1)
B SRAR RS B R
£y

2.3 EZFESH

AN XSO B2 2= B R AT T Ak o B, EE S
PHE T ML, MMSE , OMP Fl1 AMP $2 W #L 7£ 2D-PC-SM
Rk TR R

(1) X} F 2D-PC-SM F 4t , ML A& I 58 92 3 3 55 2%
FI A AT BERO AT 5 0 5 KR A A, VR ) B ORI BT K 2
R BOEK, IR N

Cyi=(12N,+5)x (MN,) (16)

(2) MMSE 533 f R i o8 /8 43 S W25, 1 deflit
WO K 2k, HL A 2% B AR T MR OR G AR L AR SR
Cholesky 73 fift >4 51 £ 17 43 #7 , > F Cholesky 43~ fift 3K 1%
B 1Y) MMISE A 0 5575 BT 55 1 H 5505 0 o




1324 H, ¥

EE 2026 4F

Cyuss =4N] N, + %Nf +8N,N,+ 1IN} +(12N,+ 5)M (17)

(3)7E OMP I 34k v, 31 53058 22 r 5 0 2 6 B
H (5 M e B E4T 8NN, — 2N, i 5. %5 148
WACH!, Bk 0 TR H 45 N, < ¢, X (6) 115
FEFESR Y H H 755 8N 12 — 2 s 5, K FHl Cholesky
O3 ik SR S B T B (8/3) KB L SE BE S 1) i e vk
Hr 5B 8Nt -2t a5 . LLR A Bk 47 8R* IR
s B AT TR AR B OMP & I A R R B A 2
%]

Conp=8N,N,—2N,)

(18)

T
+ 2(8N,¢2 27 +8N,1—21+ 84) +sr2

t=1 3
(ORI (11) AT, AMP B kR LTS B
BAE S Al 6 =g (B0+ HTHY), g R 3k
Hr ORI Rk b0+ H VLB 8N N, + 6N, 1K
B TR BBk 25 S B 5 i A 3R v HBY AN
H' PV 8T SN, N, — 2N, U5, B AR T % 25 1
IWHTE N WIisH . PUT TREAE ST h
T(16N,N,+4N,+6N,) I . LLR it 5 % % i 17 6 x
(NM )RIZH . AMP &I B IR 53 5 %
Cavp=T(U6N,N,+4N,+6N,)+6x (NM) (19)
FVRIR T AR B ROHL 7 58 A6 K6 36 43 1) 1153
SRR EG o AMP B2 YSHL 3 AC K B iter 12 B0 8 1K o
ML 5335 RE A% 4 A48 S5 A 0% 60 00 1 B, H L1080 4 2
e v, 8 BB R 107 g, AN B A LRl 471 .
OMP #6575 38 3o 5] A KL K5I M5 RE1 4, M
b T MMSE 8 %: F& 4% T LLR 155 fr i s s i, 2
RIS AR . AMP 5k f T H 50 5 e
4 F MMSE Fl OMP 553k 2Z [] , AL T ML 3% | RE A6 7
AR 2% BT B3 ML B A IR A% R M 8 7 5 {5 1
Lo 25 N RIOLHE, S A 2% B 55 Rl v g 1) P
#£1 2D-PC-SM RGEBNMEMNEEERE

Table 1 ~ Complexity of receiver detection algorithms for 2D-PC~SM systems

£ 2l IR walllK=R7N i TBIRREL
ML O(M-N,-N,) 1.98 x 107
MMSE ON,) 1.03x 10°
OMP O(N,-N,) 5.03x10°

AMP O(iter-N,-N,) 4.87x10°

TERTSCH, e # T 2D-PC-SM £ 4t v 6 ) 8 i 114
SRR B R K, /BT 1D-PC-SM F1 2D-PC-SM (1) %% 1
T L . AE 1D-PC-SM Hf , i1 T A8 I (7] B ik 47
S, B A A e R A v T R T 3 A R R R o
5% B 4 BE Sy N = Nme e Horh vtme Sfy i (] Ji,
i K B, NP Sy 5 ] el S K L SR SC iR

W LID-PC-SM F Z W FEMIT A ERE PN
0 ( (Ntichspacc )log(Ntichspacc ))O

T£ 2D-PC-SM H | 25 [a] 35 65 2 4K 3 Sl N i) i)
WA K R N RS Ay R S B B SRR Y
Nme A 25 [B] Sk S A, AL G5 R A4 S OV
NP Jog NP ) PR NP AN I [i) Sk A = , A 3 AR
IR IE R O™ - N™ log N'™),

K Ut , 2D-PC-SM 7 & By B 11 5 & 4% B
O(N'™me . N¥Pe Jog NSPace 4 Nspace . Ntime o0 Ntimey 5 15 Al
ﬁaﬁr j'\j 0 ( (NtimeNspace )log(NtimeNspace ))C

1D-PC-SM F1 2D-PC-SM J7 & (1) 13 18 11 5 &2 7% )&
G4, ULEH 2D-PC-SM 5 4838 13 5| A 7 (5] 30 4t 5 7
PR RE ]G 25 , AR BIME RS T B R A

3 (hExR

A3 e X 2D-PC-SM & 48 5 1D-PC-SM £ 5i ik
T, 85 TR T T A SCHE 1 Y 3 F oMP
HTAMP I A Az i 235 5 H2 I HLFE 2D-PC-SM R 42 1)
BER F1 FER PERE . b T 80 0 45 & Z [ 19 °F He
B, K O v 34 2R FH 25T Monte-Carlo B9 A% 5744 & 5 20k
TEBE B A 35 AR BRI VR 485 007 T

Bl 4R T SM R G FEA RS KT AS Rl I
FHTESE R . FAPBE T 16 & §F K4, Fe v
BT 32 MR AEMOR L, R 16QAM HH 5 2. AR ER
IS, 1D-PC-SM H1 2D-PC-SM 5 45 i fith & A5 437 48 [+
BE R 14, A s sk RN A5 T ek 4 B R 3435 R 172 (B
R4 = Rime x R = 1/4) , FE ML K& /7 % , 2D-PC-
SM-ML 7£ FER 24 107 B, #1 %4 F 1D-PC-SM-ML SC 8L T
24 dB Y PEREAR T o X TS [ 9 K I 48, 2D-PC-
SM A G my P REH LT 1D-PC-SM R %t .

HE— 25 PRAL AR SC T 2 1 B9 3 F OMP 5 AMP #21ii
HLFE 2D-PC-SM 2 4t Hh 59 K6 I RE , % HE AN RS KR
M PEBER I, 76 FER 24 107 B, —F AHASCHR[ 15 ]
i FH A MMSE A3 7 547 2 dB DL LA PERESE 25 0 Uik
Ab, AMP 78 K 0 358 F# v 78 43 A A 38 G0 1T R AR
& B ML, 78 FER & 107 I}, 2D-PC-SM-AMP #f Lt
F 2D-PC-SM-OMP £5 2 dB [ BB £5 -

&5 &7 T VU P PC-SM R G5 45 % . %
RGP G B 8 AR K1k K4k, U e B 32 AR
K, IR BPSK i il = o Akt S 2Ry 1/4,
KR 32, AR, 7E ML 77 % T, 2D-PC-
SM-ML 7 FER } 107 B} % 1D-PC-SM-ML 1/} 4 4% 4 dB
1 M L 2% L IR T T AEAR RS AE 2 H T SM R 4L
A s .

SR, 76 VU R G0, 2R AMP A0 R0 11 —
4k R 5t (2D-PC-SM-AMP) A tb T OMP £ il 35 5% Jy %8



JRUB 45 B4 [T 1) — 423 PR Al i B AR5

1325

FER

FER

'3 10+
10
— B - IDPCSMML __ —E— 2D-PC-SM-ML lo< | =& —ID-PC-SM-ML - —8—2D-PC-SM-ML 10|~ B ~ID-PC-SM-ML - —8—2D-PC-SM-ML \\
10°Y _ & = 1D-PC.SM-OMP  —©— 2D-PC-SM-OMP —© —ID-PC-SM-OMP  —6—2D-PC-SM-OMP —© = 1D-PC-SM-OMP  —©— 2D-PC-SM-OMP *
— % = ID-PC-SM-AMP  —— 2D-PC-SM-AMP —% = 1D-PC-SM-AMP  ——2D-PC-SM-AMP —% —1D-PC-SM-AMP  —— 2D-PC-SM-AMP
oo l=* = 1D-PC-SM-MMSE —%— 2D-PC-SM-MMSE — % — ID-PC-SM-MMSE_—%— 2D-PC-SM-MMSE — % —1D-PC-SM-MMSE_—#— 2D-PC-SM-MMSE
0 2 4 6 8 10 12 14 10 0 2 4 6 8 10 12 14 10 0 2 4 6 8 10 12 14
SNR/dB SNR/dB SNR/dB
(a) (N,=16,N,=32,16-QAM,N=16) (b) (N,=16,N,=32,16-QAM,N=32) (¢) (N,=16,N,=32,16-QAM,N=64)
- A .
&4 1D-PC-SM 55 2D-PC-SM AR T R Ge ik REXT LU £k

Figure 4 Performance comparison curves of 1D-PC-SM and 2D-PC-SM systems with different code lengths

100 CX T r
a R I~ — A — ID-PC-SM-ML
A AN — © — ID-PC-SM-OMP
BN — % — ID-PC-SM-AMP
AN Q ~ —A— 2D-PC-SM-ML
N |—e—wresmome| |
10 < ~ e —— 2D-PC-SM-AMP
4 N NN
A N ~
N N D\
N A \
o 102 \ N \\\
N N
N \D\
\ * N\
NN
x NN
N
10 *
10+ .
-1 0 1 2 3 4 s 6 7
SNR/dB

(a) BRMUFPERE(N,=8,N,=32,BPSK)
(a) FER Performance (sz 8, N,=32,BPSK)

&5

T T
— A —1D-PC-SM-ML

— © — ID-PC-SM-OMP
— % — ID-PC-SM-AMP
—A— 2D-PC-SM-ML | |
—6— 2D-PC-SM-OMP
—— 2D-PC-SM-AMP

SNR/dB
(b) BRAGRPERE (N, =8, N, =32, BPSK)
(b) BER Performance (N,=8,N,=32,BPSK)

DY 7 1D-PC-SM 5 2D-PC-SM £ et g X) Heth 2k

Figure 5 Performance comparison curves of four-user 1D-PC-SM and 2D-PC-SM systems

(2D-PC-SM-OMP) , £ # [R] 15 T 5 T~ B9 14 RE 14 35 K 2
05dB. X —MEMFLFEHEET, WH P REHH
I B H AT — A7 B R AR D 55 T AMP
R JIT AR 1% s 8 M A1 T8, R 3K R 0 T OMP A5 il
T sE iz 7. (A, (538 0 15 58 PR R 5 A B T A
OMP 533 v [R50 0 B 1k 5 R I 158 25 A5 1, (L 7E
M 7R B R I AMP

K6 /R T £ 2D-PC-SM Z 48 1, 8 4 S0 R A0
[7i] , 25 () 3 i AN () A 3 E A7 A Ak 2 5 %k 32 e P e e
SER o WK R SR BORTE il B B v s 5 R 4 DR R —
H . SR A AMP fil OMP & il , X4 5 R % & R R, =
3/4,R,= 121}, ZGE (0 FER PEREAL THY R B N R, =
1/2,R, = 3/A Ky, BL7E FER A 107 IR RESR 55 1 #8
i 1 dB, X A4E N, 25 ] B AG R X 2D-PC-SM &
G 1M Rl 1A 52 M 55, BRI 2 TR 35 40 5 1) 15 SR BB A A 43K
T R G R RE .

100 o o A

FER

10 - [—A—AMP, R, = 1/2, R, = 3/4
—A— AMP, R, = 3/4, R, = 1/2
—6—OMP, R, = 1/2, R, = 3/4
—O©—OMP, R =3/4, R, = 1/2

0 2 4 6 8 10 12
SNR/dB

B 6 AR, T 2D-PC-SM &G i i LA

Figure 6 FER performance of 2D-PC-SM systems with different R

4

%,

&it

AR SCAF X 23 18] ] ] S0 28 0 9 0 P BE 52 BR A4 1)
R, R T AR AR S I 2 B S [ 94 ] 2D-PC-SM. &
TR R G A5 BAE I 5 28 B 5 4 1, 30



1326 H, ¥

il 2026 4F

viig K FH 25 BF 4 5 0 B B R M I T 3T oMP 5
AMP [ K 0 3 A% B2 URHL . (45 RE W, 51& 45
MMSE A 0 A1 H , BT 45 32 OHLTE 35 AR T 3 & 24
B RIS B T 24 2 dB PR RERG 25 . [, 2D-PC-SM-
AMP (60 BEHE3F T ML B2 U WL Y — 4E 90t R 55
KL, I 4 8 59 2D-PC-SM 5 76 B 2= 1% 5P RE 2 18]
SEHLT RG0S, b s T A R G B A R A

T AR,
5% 3k

(1]

Mesleh R, Haas H, Ahn C W, et al. Spatial modulation - a
new low complexity spectral efficiency enhancing tech-
nique[C]//2006 First International Conference on Commu-
nications and Networking in China. Piscataway: IEEE,
2006: 344658.

Younis A, Serafimovski N, Mesleh R, et al. Generalised
spatial modulation[C]//2010 Conference Record of the For-
ty Fourth Asilomar Conference on Signals, Systems and
Computers. Piscataway: IEEE, 2010: 1498-1502.

Zhu F F, Hai H, Peng Y Y, et al. Extended variable active
antenna generalized spatial modulation[J]. IEEE Wireless
Communications Letters, 2024, 13(2): 265-269.
Garcia-Rodriguez A, Masouros C. Low-complexity com-
pressive sensing detection for spatial modulation in large-
scale multiple access channels[J]. IEEE Transactions on
Communications, 2015, 63(7): 2565-2579.

Meng X M, Wu S, Kuang L L, et al. Multi-user detection
for spatial modulation via structured approximate message
passing[J]. IEEE Communications Letters, 2016, 20(8):
1527-1530.

Arikan E. Channel polarization: A method for constructing
capacity-achieving codes for symmetric binary-input mem-
oryless channels[J]. IEEE Transactions on Information
Theory, 2009, 55(7): 3051-3073.

Tal I, Vardy A. List decoding of polar codes[J]. IEEE
Transactions on Information Theory, 2015, 61(5): 2213-
2226.

Niu K, Chen K. CRC-aided decoding of polar codes[J].
IEEE Communications Letters, 2012, 16(10): 1668-1671.
Xie Z P, Chen P P, Li Y. Joint design of polar coding and
physical network coding for two-user downlink non-or-
thogonal multiple access[J]. Entropy, 2023, 25(2): 233.

[10] Xie Z P, Chen P P, Fang Y, et al. Polarization-aided cod-

ing for nonorthogonal multiple access[J]. IEEE Internet
of Things Journal, 2024, 11(17): 27894-27903.

[11] Qiu Y P, Xie Z P, Kang P, et al. Polar-coded Gaussian

multiple-access channels with physical-layer network cod-

[12]

[14]

[15]

[17]

[18]

[19]

[20]

(21]

[22]

(23]

ing[J]. IEEE Transactions on Vehicular Technology,
2024, 73(6): 9083-9087.

Xie Z P, Chen P P, Chen R Q, et al. Polar coded modula-
tion operated with physical network coding[J]. IEEE Sig-
nal Processing Letters, 2021, 28: 997-1001.

Dai J C, Niu K, Lin J R. Polar-coded MIMO systems|[J].
IEEE Transactions on Vehicular Technology, 2018, 67(7):
6170-6184.

Zhou H Y, Zheng J, Yang M H, et al. Low-complexity
sphere decoding for polar-coded MIMO systems[J]. IEEE
Transactions on Vehicular Technology, 2023, 72(5):
6810-6815.

You X H, Zhang C, Sheng B, et al. Spatiotemporal 2-D
channel coding for very low latency reliable MIMO trans-
mission[C]//2022 IEEE Globecom Workshops. Piscat-
away: IEEE, 2022: 473-479.

You X H. Shannon theory and future 6G’s technique po-
tentials[J].
1377.
You X H, Sheng B, Huang Y M, et al. Closed-form ap-

proximation for performance bound of finite blocklength

Scientia Sinica Informationis, 2020, 50(9):

massive MIMO transmission[J]. IEEE Transactions on
Communications, 2023, 71(12): 6939-6951.

DaiJ C, Niu K, Si Z W, et al. Polar-coded spatial modula-
tion[J]. IEEE Transactions on Signal Processing, 2021,
69: 2203-2217.

Xie Z P, Wang Y P, Xu Y H, et al. Polarization-aided
multi-user spatial modulation[J]. IEEE Transactions on
Vehicular Technology, 2025, 74(8): 12148-12159.

Chen J J, Peng F Z, Chen X, et al. A joint design of polar
coding and generalised spatial modulation[C]//2022 IEEE/
CIC International Conference on Communications in Chi-
na. Piscataway: IEEE, 2022: 778-783.

Lu LY, Xiao Y, Zhang S J. MMSE space-time multi-user
detection in MIMO-OFDM system[C]//2008 9th Interna-
tional Conference on Signal Processing. Piscataway:
IEEE, 2008: 1884-1887.

Donoho D L, Maleki A, Montanari A. Message passing
algorithms for compressed sensing: I. motivation and con-
struction[C]//2010 IEEE Information Theory Workshop on
Information Theory. Piscataway: IEEE, 2010: 5503193.
R R, AR, 2 55 . 33 (RS 3 A A ) ) DR A3 47 4K
AR FILT]. 74, 2025, 53(7): 2210-2221.
Li Junyi, Xing Lijuan, Li Zhuo. The fast successive can-
cellation list decoding algorithm for parity-check polar
codes[J]. Acta Electronica Sinica, 2025, 53(7): 2210-
2221. (in Chinese)



% 03 W JRUB 45 B4 [T 1) — 423 PR Al i B AR5 1327
EEEN

BErE 9 ,20004F 5 H A TR s TS
Mo BUNARMN KLY {5 2 T AR L B A AF 5
Ao TS I AR RS A PR 5 JCLR A
E-mail: zxy15259053685@163.com

ERE B, 19994F 5 T AR TAR A R
o 2021 AFFRAFARM K2 7 5 5 B TR
A, 2025 SEHAPHEM KB — AU 5 B4
ARG o EBWFFE DT 1) AL | 23 a3
il 5 JeLkimfE
E-mail: wyp_yuanping@163.com

B8 40,1999 4F 10 7 A4 Frada
Al UMM R Z YIS 5 B TR RS A
SR TR LA . BRI 2L
WA RIS, PREE TSR AHNS .
E190130947A
E-mail: yuping_qiu_fzu@163.com

BIEEMS 55 ,19954F 7 7 th A T dias S M
Mo F20234E M K= E S HERERE Ll
T 2 L, IW g A M A 2 Sl i 3 2 e U
LRy 18] g R A DA 3 S ) | Ok
55 AP A T8 Sl S Wy 32 ) 28 i
E-mail: xzp_fzu@163.com

248 B, 19954 1 H A TREAH T
o B AR M Ay B 5 £ BT 2 B Rl 2L
BN 1 A S N 3 1 oy N ) =X ) sk i
A TR K8 £ AR AR IR T 1 R/
it 15 1) S Bl RS S 8

E-mail: xiangming.cai@fzu.edu.cn

RIBRET 25 ,19664F 6 1 HiA4: TAR 2244 M
o B SRIN ML~ B 2 e R TR . £
BERITFETT ) R M EA 8 A B
E-mail: yueqianke@126.com

BREFE 5 ,19864F 12 A itk THiEE R
M. BN RN RS S B TR B
o EEBGE T R EE S CLE R T
[ FL 24 2 25 5L i % : E190021215M

E-mail: ppchen.xm@gmail.com



