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A Transmission Scheme of LDPC Codes for Two-User Interference
Channel Based on Multi-Level Superposition Coded Modulation
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Abstract: With the continuous advancement of technology, wireless communication is evolving toward higher levels
and multiple dimensions. While this progression enhances communication quality, it also introduces significant technical
challenges. These include mutual information loss due to multi-user interference, worsened time-varying fading in net-
works, and insufficient overload factor under limited resources. These issues indicate the critical need for coding theories
and transmission schemes designed for complex communication scenarios. To address the loss of mutual information and
poor transmission performance caused by inter-user interference in two-user interference channels, this paper proposes a
novel transmission scheme and decoding algorithm based on the Han-Kobayashi equivalence. This scheme combines multi-
level superposition coded modulation and reversible matrix mapping, effectively improving communication performance in
such channels. At the transmitter, multi-level superposition coded modulation was extended to two-user interference chan-
nels. Rate compatible low-density parity-check codes were employed for layered encoding, combined with mapping trans-
formations to enhance layered transmission gains. At the receiver, a nested multi-layer decoder structure and interference
channel-composite nesting decoder algorithm were designed. Gaussian approximation was used to reduce computational
complexity. Additionally, to further improve accuracy, the framework of proposed scheme was expanded by using incre-

mental redundancy-hybrid automatic repeat request. Simulation results show that the novel algorithm outperforms iterative
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multistage decoding algorithm under both strong and weak interference conditions and its performance is positively correlat-

ed to the number of layers. In addition, at the cost of moderate increases in computational complexity, the incremental re-

dundancy-hybrid automatic repeat request enhanced algorithm achieves better performance under high signal-to-noise ratio

conditions. These solutions provide practical options for real-world two-user interference channel communication systems.
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16. SN2 BV Hr d ++
17. end while;
18. fiy PR A 2

i Ah 2 FRE IR = YRR AR B A MR 1F
B d =3, AR R PR R B 7 T R 45 N
SISO P kAR A EBR ¢, =50. 4h,IC-CNDA £ £
2GRS e K =2 A K =3 5 B0 R, BE 4% 5 ] i
1) 7 B T 335 4 e S e

K

k=1

1 1 1
1 1

Fr(2x2>:[0 1]’Fr(3x3): 0 10 (12)
0 0 1

P H—AEE TR A IR R B a.
J ik R RO AERHE 2R R RY (LA « bits/ch.use) , 4l
F1Pos. AP 2 5P 1iEMR.

P FLPERE AN 8 A 9 R, A B E R il 1
R 3T BICM (R 23 2 35 5005 5 i 46 2 ks Hn 3l ol

(Gaussian Approximation, GA) -IMSDAP" ; i £k 3 K
IMSDA PR F1: 5 2k 4 9 IC-CNDA RS 3% .

107! T T :
—8— 3 FBICMI &5 - SCHR[31]
—A— GA-IMSDAR - 3L #R[31]
102 F —F— IMSDAR - 3Lk [31]
—— [C-CNDA 15
10° F
& e
2107
107
10°
1077 . . . . . .
-1.4 -13 -12 -1.1 -1.0 -0.9 -0.8 -0.7
SNR/dB
B8 55 TR & ki M aExT Lk
10 T T ;
—8— JETBICMI¥ 1% 6% - 3Lk [31]
—A— GA-IMSDAR - C#R[31]
10 —F— IMSDAF - 3C ik [31]
—h— [C-CNDAR 5
107
x i
=107
107
10°
107 . . . . L .
—1.4 =13 -1.2 ~1.1 -1.0 -0.9 0.8 -0.7

SNR/dB

K9 S5 T =Z& MR ERERT

SERFH], T4y )A M35, BICM &tk g 5 =
M AFAE W 2505 IR, IC-CNDA 9 RE I .4 T
IMSDA F1 &5 7 3 L -IMSDARY | H 23 2 )2 Bl £ |, Mg
WU AR K=2 MO0 T, IC-CNDA #H kb IMSDA
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KA A P P T IRAEIE T 5 T 22 )2 B g 181 ) F) LDPC A5 1% i SR 2675

HAEZ0.1 dB 25, # Lk BICM H A 25 0.2 dB 34 25 5 7¢
K=3ME0LT , IC-CNDA AL IMSDA HAT#70.15 dB 4
i AL BICM HAT 2903 dB 345
T MR SRR, 7E K =2 B 50 F X L
s TR E MO P 1SR E R 2 R .
P25 T E AR
%2 BFHRHRAF1BH

B BICM PO =) L]
h 1.12 1.12
a 0.25 0.25
data 0 0
data, 4500 4500
i RO RY RY
x 0.16 0.08 0.08

XF T3 T BICM 1 A% i SR et , 42 i 1 R 0 o 2
752k N 6 BT 7R 1) = kAR A 48 54732 T P4
TH RS, R 2% 8% & H =0T LDPC #4 SISO
PRRG £, =50, FLAB SRR LT RUZ B in bt 0 |
B A% R W, B2 W A 2 ik B S E RS AR
d..=3, PR 88 SISO 35 R ¢, =50. PEfAEXT
Fean il 10 fr s, 1] LA A 4518 A A8 (H LA IC-CNDA
X BICM A1 IMSDA HYP: GBS % 4/ 21 0.1 dB £10.05 dB.

—&— JE T BICMI S - Sk [31]
—A— GA-IMSDA - i#ik[31]
—F— IMSDAF - ik [31]
—h— [C-CNDA %S

-4.9 48 4.7 —4.6 45 —44 43
SNR/B

K10 ST PERUR B PEREXT

4.2 EIMIR-HARQ By1EEE

by it — A BTG T SR IR AR X SG LDPC %
G B , % B ML T HESR 2 IR-HARQ. HJR
PN 11 Frs , BRI AT

B — B AR 7R 428 RC-LDPC 5 1) & i
AW AT IR, Bl A% i OB A ) e R I A
B IHARIERT— A E R A A G — )z .

O T VRS REY  WR d=d, WK RE RN E
B (5 B AR AR5 B, T — IR G i

HER 3%
5= M HACS RS I AL RBGA R ERR L
Ao 235 BRI

5 B K=2 (55 TR E 05 E S8, X
PTHARQ BRI AL AT O B . Horh SRR A s AL Y
I KA A A AR 7] (e RS 22 A/ [F]) , 43 A L = 1OR
HAIMHARQ) L=2 .L=3 L=4TERE.

g ]
— BRI E ] Eioix F— sttie —
i ER |

B AR i IR-HARQ J B AESE

15 ELA5 R A 12 firzs , 30 HARQ A% YA nT L
BE— 2 ERE . L=2 AL L= 1 A4 25 1R 2 4 0.1 dB,
H B 5 T A YR B T, 338 25 R B 22 /N, R 2% B K
B P, SERR R — BT R L =28 L =3.

—k— HARQ-L=1
—8—HARQ-L=2
—A— HARQ-L=3
—F—HARQ-L=4

10°¢ I . 1 . I I I I
-1.40 -1.35 -1.30 -1.25 -1.20 -1.15 -1.10 -1.05 -1.00 —0.95 -0.90
SNR/dB

E12 1C-CNDA#: % HARQ P B

25 b AL S s Bz IC-CNDA 5% 7] LUA 20 e
TR SR BE | O FLIE A 50 g 1 )2 Bl ik S HARQ
BT LKA TR (36 25 . SR % SR B SR R XA
02 7% B L3R, i 2500 AL U ) 8 AT T AR
RE5 52 2% B Z A A0 A BIA A
4.3 EZESH

X IC-CNDA 95 2% B, DB ] 52 2% B 2 ] &2
FREEWA AT 0T . a5 2 2 R B, £ EA
T 54 Nx K4 pE L) (LOSD LOED LOE Lo,
DL —A~ N x N 4E 105 4228 [RIAEAE A 30 46 B H, 5025 [R)
BB HR

S=5xNxK+N?> (13)
Xof T[] A2 2 BE |, % 5K 1C-CNDA 1548 3 7 vh i 7%
AL SR AT BUBLR [10 D 1, T T A
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