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Abstract: The scale of multiple-input multiple-output (MIMO) systems is growing rapidly, leading to a dramatic in-
crease in the computational complexity of receiver signal detection. Traditional detection algorithms struggle to achieve a
good balance between bit error rate (BER) performance and computational complexity. Markov chain Monte Carlo (MC-
MC)-based detection algorithms can achieve near-optimal detection performance with polynomial complexity, but their per-
formance deteriorates significantly with low sampling rates. To address this issue, this paper introduces a model-driven deep
learning approach, which transforms the MCMC iterative process into a cascade network structure. Trainable parameters are
incorporated into the network, and deep learning techniques are employed to optimize their settings. Based on complexity
analysis and simulation results, the proposed method outperforms the original algorithm in terms of BER by approximately
1 dB in coding scenarios, while significantly reducing computational complexity. To validate the performance of the model-
driven deep learning approach in real-world transmission, a 2X2 MIMO smart communication prototype is developed, and
end-to-end air interface transmission tests are conducted. The test results demonstrate that the MCMC detection algorithm
enhanced by the model-driven deep learning approach still achieves a significant BER performance advantage with lower

computational complexity, thereby confirming the effectiveness and robustness of the proposed solution in practical trans-
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mission environments.
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u~U(0,1)
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LMMSE 2 7~ 5% F LMMSE A6 1 45 52 4 b 5% 4 400 {8 /4
MHGD 8.3 . 6 1 %F b 7 MHGDNet LA K H A A6 0 42 %
B354 2% B . LMMSE A6 060 55 6 B e 3 H" H ) &
R SR G, 6F N B 4R B ) Rk NG ORI 2N iR
LMMSE F I 55 2 8 /0 11 550 52 4% 5 nT &R b 3N +
O(N?). EP P13 24 8 5 36 ARAC B0 T IEAHSC 1 ML 4
DA I 1) 53 2 5 Ry 45 0% . MHGD Wi th o(v? ) i it
B FEOR AT AR

(1) WAL TSV M= (B B+ 0¥, 1) A
FEafeid: HY H UL R R SR 5 H0E . # MHGD A 330k
J LMMSE %t 4k, 0 H" H & /€ LMMSE 35 345, M
S A= A = U = < W 1 N T S
2N?+ O(N?) . %5 % FIBE LR 46 Ak, )5 22 55 A5
H"H, G2 % N3N+ O(N?).

(2)*45”%%%%((:}101651(}7 decomposition)ﬂ‘ﬁm
I 22560 IR RN 2/3 NP+ O(N?).

(3)X (20) F i B e AR 22 2 R T B3
Wil P=HM H", 15857 0 2N + O(N*?).

MHGDNet & HBENLAT 154k , 5 T LMMSE %] 46 1t
PP R SR R I T AR A2 AR 5 R INh i Ao B 2 g
YGRS H B B TR 2% 8 5 T 20(20)
Byiz 5, N MGHDNet 76 O(N* ) S 53 118 5 52 22 5
MHGD 5 ¥ 1Y 64.71%, {X 25 MHGD-LMMSE % 12 1)
47.83%. LI 143 Hr e B R IR Sl R B 2 > il i B 2k I
SR, B RAK T AR IE B R R AR

F1 HESREML

ORI KERTS T IR
LMMSE 3N’ +O(N?)
EP QT+ N>+ O(N?)
MHGD-LMMSE 23/3 N*+O(N?)
MHGD 17/3 N*+ O(N?)
MHGDNet 113 N*+O(N?)
ML om™)
3.4 (FEHW

A5 AR R i 1) AR08, IHEGE Helloim B g 3K
WOE AR IR SR, . JibS R IEEE 802.11n brifi (K%
FE AT A B A Low-Density Parity-Check codes, LDPC )i
Ky 1944, 55 3N 3/4, fift % &% 3 F & 15 1% #% (Belief
Propagation, BP)' >4k LAEACES RO 1058 . IR E T
SRR/ ML R AR B R R, BB R RN R 10°, B
IR (epoch) HBREHLIMER 10° £ IOFEAS A T 25, [R]
IR I 25 (S0 UE AR A TV E BRI UE LA e 1R A0 PR g
AR 8 SHL, BESEAL 10 NFEA . (il A3 W AR
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1’ﬁi‘|‘(Adaptive moment estimation , Adam ) 4L 7% , 2 > %
WE N 0.001, S ZF 50 B oA 1500, RPN T5
SAREAKCH 1.5 x 10°. &% 16 QAM 5 64 QAM 44351
YR ZE 25,16 QAM T Y ZR15 1 [ (Signal-to-Noise
Ratio, SNR)BEE 4 25 dB, 64 QAM T FYI 2550 L e Ch
30 dB, RIS HUA TR G L R At SR B 2%
TURCAENE NI s B, /D

1 -
Loss= z;”y,—H,.x,.

Hrr, LA/ MR IEEASL, y, 5 H ok A I, x, )2
AKE L5 5 AL THE . MEREI X oD R 4,
LR % (Bit Error Rate,, BER ) MiEAL F845 , {5 1F 5%
Rl R L AR RO I 10° Bl A% R FLRRBORB AT 107 TR X
THID RS, UIIRPSR (BLock Error Rate, BLER ) 1Ak #5
i, MRS LB 25 PR AR A HORE i 101> mi 1% 4 1Y) A e
T 10%. BRERER L A1 , MHGD 6055 5 R A M 1% 117]
AR QM R AL IOT R MR RAEMAE . FEHL, R
LMMSE #7464k 4 MHGD £ b ic s MHGD-LMMSE. fifi
JHICZH (N,, N, ) 75 MHGD SRR R , Horh N, AR3R
MHGD RS2 1T RAE RS AL, N AR ARAERR 1R
FEEL, BV MHGD KN SA A REe 5. T HEREXT He i 3
LR AL LMMSE K U1 ERAEHE > K-best ™ IR
I B GEPNet Kl 7 LA K frefi (i MLAG I 2%, Hor EP
A RO E R 10.

ToamtBzmse T, eI Sk B A TR, B
FfeEk e QN In A IE LS. FI2RRT 8 x 8
MIMO .16 QAM | RGEH , 7EA R RAEECT MHGDNet
AHEET MHGD RO PEREIG SRR . 7 HAs RR W TEICRAE
BOR,WN, =2 FIN, =4, BRIBREh R 24 ) g s B 5 HL T
MHGD K08 1 B SR M RE , BUSHZEE — A B iR
T PEREIE 25 . B RAREON N , M RBIG SR AR B TR 5
£ N, =32 iy MHGDNet #H4 T J5 47 1) MHGD il 533

2

(24)

10°

- B -MHGD(16.2)

% | |—e—MHGDNet(162)

& 10781~ & ~MHGD(16,4)
—&— MHGDNet(16,4) h
- & ~MHGD(16.8)

—&— MHGDNet(16,8)
3| |- # =MHGD(16,16)
—#— MHGDNet(16,16)
MHGD(16,32)
MHGDNet(16,32)
——ML

5 1‘0 ]; 2‘0 25
{5 L /B

K12 8x8MIMO .16 QAM I il F 4t SR IR B A A R EE ST

X MHGD il 37k 1 3 58, R

AN PEREG 25 . 3T i B R R EEECTS MHGD £ R
R FE o A 2R ZS 1], RS PR REHR T FI AT AT B
HEEF| N, =32 F MHGD HY iR PEREAH T ML e 4k
LA R F) 0.2 dB B 22 1, 31X 3 W Bl 2 SR RR B0 38
MHGDNet BEZ IS4 % ML fe AL fE .

3JE/R T 8 x 8 MIMO A4, AS[a] i il B 0 F
MHGDNet 5 HABAG I 574 IR S R BEXT L . 78 16 QAM
g, TR TRFESEGE N, = 16, REEEIN, = 8,1
64 QAM TRHIN, =N, = 16. AIRTHHINECT 17 H4k
BIFI AL 58 LMMSE £l J5 SR M B 22 , AR T O
AR R ZEIE . SOy LMMSE Al 3 Ar 2k
PEIE AR T /MU TR 2 BRI T is R 24 (1
AT R A T — i BIRAD TR RE . AR KRR
Z K MIMO 255, LMMSE PEfERSI I 7. (8 3(a) %5
LW LE 16 QAM 245 , MHGDNet (iR REA T

E107F
S
—8—LMMSE
—e—EP
10-3F —&— GEPNet
MHGD(16,8)

MHGD-LMMSE(16,8)
—#— MHGDNet(16,8)
—— ML

5 10 15 20 25
{5 Lt /dB

(a) 16 QAM

—=— LMMSE

—e—FEP

3l MHGD(16,16)
MHGD-LMMSE(16,16)

—%— MHGDNet(16,16)

—w—MHGDNet(16,16) %

——ML

i . .
10 15 20 25 30
fF WL /dB

(b) 64 QAM

3 8% 8 MIMO A [FIASI B4~ , MHGDNet 5 FE2 46 I 31
IR PEREXT L
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EP S BRI — & i, 5 MHGD-LMMSE AH
M A AR AL YERE T, MHGDNet 25 1% T LMMSE #1451k
FRHE R RS A TR , BB T M SEER SR M RE A3 5 A
BE AT . RS (0 U R 2 T Al B B MIMLO A T B3 7
GEPNet A Lt , MHGDNet [FJAF RS HASE REAL 4. X EL I
Y5IP4Y , V|2 GEPNet I (R S BEAKCR 6 % 1077 i Zk
MHGDNet iy S FEAEAL Ry 1.5 x 10°. Hy 1 A] DL, MH-
GDNet 7EAG M PEREAL T GEPNet 4 [R1 B, 7511 246 FF 44 J7 T
FI WAL BI13(b) I, 764 QAM R4t MHGDNet
HHEET MHGD KA SR REBUS i & PERERS 25, 5 MHGD-
LMMSE #H AU K T 0.2 dB A MERE 2205 . 7F 64 QAM 3
TR G, T 16 QAM R G5, WIRIIR ) IR 14 27 ) (14
REMGRR AT TS . X —FR T LA T 64 QAM 258
FRREIE R BRE AR 23 (B TR N, F3k ol [ gk 22 ) T s 1
HREFREGBEIN . J7%5E MHGDNet X & il i Kl it &1
£, K 16 QAM T IIZR TR S40H T 64 QAM R G )5 10
UE X A5 I Ze AR ic ol “ G BE . [ BLAE SR, 1 By
B C 18 B 1 BB AT LA, e VA A BT Pr A
e i s Rba e W NN G [ R GO 32 0 L ) NS
B ESHOYFEEE G LN IIZ5R3845 , MHGDNet 7£ 4%
AMEE L 1 39AT — 2 B PR RIS 45 L 3X R B T A A O 2
TRIE 220 07 X PR B R A M o ok i 3 B 24 5t
e

4 JE7R T 7E 8 x 8 MIMO 4 2 45 H i MHGDNet
HPEREY 25 R . H B 4(a) P AT, 16 QAM T MHGDNet
TR RER BENL I LR AL A MHGD #2715 1 dB, % LMMSE
W UH A B MHGD $2 7H3T 02 dB, PEREMG 25 W % . 5
LMMSE #IR AP RAE 2 sSOR[R] JrASE R 0K ) R
2% 2] 05 S A R — URBR EE T B9 8 5 R — YR
B RERSAR THRR AR SE XA SR, AT e 1143 LLR
AHE AT IR R B E . 40 JBR T 64 QAM F
T4 7 ZE A 14 25 R . I MHGDNet (435 5 7 fig 5
LMMSE #1854k B9 MHGD JEANF -, TREMLRI IR L
1 MHGD 59249 0.6 dB. 581 3(b) (L5 R, 64 QAM
PEH 7 2 R R REA S 6] T fi0 e K, B 0K Sl R
22 ) AL RO LT 16 QAM A LA BT 55 , (B4R
SRAESE MHGDNet 75 B #1197 46 A6 B 5 LMMSE #) 4f
AEAS B RS PERE .

4 ERBIFFERERDH
4.1 FENSE
KT SR AT AR R DR SR 2 20 X6 MCMC ARSI 37
PSP TP AR ASOR K R B e 5
RIS Fab 728 D& R . JFAYIEE-& aniEl 5 B
7R, R PERE AT 6 BEFT ATRE U 2 30 DL S8 )l ety
AN R AR TCL S EL S Sl k. wEERE AT

\ —e— LMMSE
Q EP
\ —©=-MHGD-random(16.8)
\ —6— MHGD-LMMSE(16,8)
\ — 0= MHGDNet(16.8)
\ —&—K-best K=256

18 19 20 21 22 23
{71 bL /dB

(a) 16QAM

{1 L /dB

(b) 64QAM

El4 8x8MIMO &R%:,1 944 1 \3/4 T LDPC 4w, AS [F] 1 il
B0~ MHGDNet 55 B2 K65 I 11 BE HL 4%

V-5 % I NVIDIA Jetson AGX Orin, fH#R M Jetson. Z<3Cr
JH Jetson #4548 2048 #% NVIDIA Ampere 4244 GPU, GPU =4
IR 1.3 GHz, BEFM 2 v 6T 275 TIACURERAE . 84 Tesk
F SR FH NI 4 USRP-2974 , 1% 5% 4 5T LabView A 5 it
1O ZH , AN RN I , 22 1] 3085 2x2 MIMO
WK TIRE . Jetson FI USRP 22 R 2% A [ — LUK R
sE T P BRI (User Datagram Protocol , UDP) 32 #
Bl . E 6 JR T R4 B TAERURE . & 513 Jetson
A UET LDPC Zifith 8 S B L, P A s AT
PTGt , T4k UDP ) SOG4 6 i 2, [F]
APE R nas SR iR AR N2 s USRP-2974 15 Muilt UDP
1, L5 345 OFDM A5 (5 45, 280k 1/Q BUE IR, 724
ST 5 KR & 5T, 26 R TG 2R A 38 21k 422050 ; USRP-
2974 [F) I PUATIEERFZMCRE P, 285t S AR R RN A A
SRR RS AT UDP 4 S B 2% 2 25 5
P Jetson DE IS , AT X 46 Ff A, b A i i 15
BRI TS AT (5 SAI (5 8 PR AR , i L
PGS SRR A% FURREA T EX A RS PR BE , SEEtxd
e AT AT A 5P A B6IE
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USRP-2974

etson Ti .
UDPHHT UDPiT
(2 [
Heiy ity
fagam fagam
12 A
Eie EiE
fa 54 {554
v —
zogE — () D— zAkE
{ Y RtkfmiE v

Ko fa=fkhmiila

7REIR T P AL 23 1 K0 %k 7 i i b by . — i 5
e 11 i S A TS 1) ) 2 e 37 A B 20 4SBT
A B R 600 A5, T /2 5 TR) 25, 422050 A 2 11 4%
WCEE J5 L R P 5 AR S 3R A5 4 26 Bidis i i e o . 4
AN B K BE 256 15 89 OFDM 55 DL &% 64 15 B 6 1
HI 4% (Cyclic Prefix, CP). 7E %> OFDM £§ 5 1, 150 />
TR T i S AR S8R AT 5, 105 4~ F 0%
VRGP, LA T80 0 B R AL 107 150 1 30Tk
25 AN FIAT 5 125 D EIE A5 4 . R Gl
ARG, A ST 5 5 BRBE 5 MRS B i -
() OFDM 43555 1 47 306 fe L i 2 o 75 51 e Sak 5040 , g st
B 0 5 64 0 52 i EPF R B SR AE R CP, B4 21 58
ey B I B AR LV A SR R Y — i A% AR )
USRP-2974 415 5 A8 5 28 2 GHz 2845 )38 i 4 I 5
RE 8 3%, BT AR 58 R 350 kHz.

20 OFDM %% >

i
(O OFDM{T 5 el OFDM7T Y |NEEETTERE
[l 25651 NIV 25641

0 | ...... |53 54| ...... |128 129 130| ...... |204 205| ...... |255
fe— Bk —>ie— AT HIE — Eiil fe— AT R —>e— R —)

Bl7 il it s

4.2 FOMKER

AT DB RS, RS8R H 16 QAM |, EP 1%
RECT=10, MHGD FIEFFATRAFEN, = 16 FEAKLN, =
8, K 5105 B P AR A S f Ao i B . BB R KR
S 0.5 m 0.7 m Al 1 m IG5 54N, 1058 BLER
PERE , MHALE B AN32 2 Frn . Sel 4 SR8 , SehnfEiE

5t MHGDNet J5 24145 T LMMSE DA K EP 348 8 i
& I R, SRS ALY . [RIMHGD
R AR G, MHGDNet 7EA Rl &5 B 25 4 BB UG — &
HYPERER 25 , 7E 13.5 dB AL BLER #H%% T MHGD F#{% 4
20%. XS MHGDNet AEAS I 25 DL S AR , 1
UREE 25 S BRI S50, NI AE A3 R EE T IR 3R BE
P, oS0 R G RICR KR Z A7 A AR , BS%
PR ] 22 Go i R i 15 A A AR IR AS D, PR A
RUBR SR FE 27 > A3 s s R AR T 05 B 8 s
LRI RT3 E A2 B R AIL . MHGDNet F1| I 7]
YIRSk G T BB 2 ) R0, 7R AR 1A
PERER , T8 22 B MHGD B 11 64.71%. X E W]
MHGDNet 75 SZ R i Hr SR BEAE AH AL T IR 0A Tk S i
SRS RS T R A T
*2 BERRIFATOMNRER

MEES/m | KM% | SNR=12.5 dB | SNR=13 dB | SNR=13.5 dB

LMMSE 1.0 1.0 0.846 1
EP 0.846 1 0.407 4 4.602x107?
03 MHGD 0.647 1 03793 1.315%107?
MHGDNet 0.647 1 0.366 7 1.08x10™

LMMSE 1.0 1.0 1.0

EP 1.0 0.733 3 03928
07 MHGD 0.785 7 0.255 8 4214107
MHGDNet 0.7857 0.2340 3.416x107

LMMSE 1.0 1.0 0.954 5
EP 1.0 0.5333 3.537x107
! MHGD 0.687 5 03235 1.047x107?
MHGDNet 0.687 5 0.2750 8.545x107

5 iR

SR EAT MCMC R I AR ACRFE ST B DRI P
A6, AN SCHEH T MHGDNet, % 7 586 5 1 MHGD A8 5
AR R IR T 22 )2 G I 2 254, 1] R 4% | A
AT S BRI 24 5, I R 2= 2 Fe R
PRARACEE , T LASEAIR 0 52 24 B $R T iR i M B . 7
LR AEAFRIEHIBEC T , MHGDNet Y fiE0% B i 23t
MHGD R L AR R R ARG R . gt — B 1
WP 22 4537 5% , MHGDNet #5485 T MHGD #6345 1=
HAREUAS2 0.5 dB 2 1 dB AP RENYS 5 , HLICH £ % 4 ity
Yt A g sh gk . oeah, R4 S 7% MHGDNet 8.3
TEASAMEWE L Y REIR A BE I 25 , 2 WA B IR S R
22 ) 5 5 2 X5 Mk F AR VC BC A PR B i e
4 MHGDNet 5325858 2858 REAH 15 I AU 46 UF - 5 64 75K
Briiliat, 25 1152l 25 S 4 B MHGDNet 536 % B S5 1 R
S EA LS r k.
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