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RG] Tt 0918 B A% 14 551 (message passing al-
gorithm , MPA ) Fil iz K ALUSR A4S ) 537 ( maximum  like-
lihood , ML) < S AY P4 52 2% JEE aod g Y Tl L, $2 41 1
—Fh LT 51 R ER i 5 (list sphere decoding, LSD) &
PRI T %€ LSD-MPA Al MPA-ML DL 4 /)N
KR 2 (a], BEARMR I A2 2 B (B B8 A ] d 4
JHH D2D ™ f9 fif i A% B2 AR T SCMA HI ™, SC-
MA-D2D R P25 9 (8] B S B0 R GE e 1L
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R MELUA SR
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FUEARSZBL SCMA Z2 H P Rl SCHR[ 18 142 T —
Fh L T 36 FUBh 22 X 4% ( convolutional neural network ,
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22 TP RGN Bk 1) 22 R AR, IR T i A 2R
B2 SCHR 16-18 ] #B A 4 B 3 1t 25 00 265 2 13 114 G
el SCHR[ 14 T4 T —Fh IR 2 > B B AY SC-
MA ( deep learning aided SCMA , D-SCMA ) A %i it &%
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P T — T T A BRI 5 22 19X 2% 1) 9 31 3 1) SCMA
FI Sl 20 i it & , 72 A% 3 ] CNIN BT 27 > B~ bl
SPRUEE  FEMR R 5 LT 200 190 2% S5 1 fife e Hhy TR 2
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PRAEZ A TP RS L . SCHR[20,21 ] #4221 19 1
TR 2 F P 43 S804 1R A I 45 A [ S 1L
TR B, BT R 2T 5 A e g A It
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() EATHEBR G 2% R G0 b AR A 43 2 ik R
(SCMA) A DASE BUAR i B2 PR i it 4k, EAR R G,
W5 FH P B8 DL SCMA B S iy 5 0B 43 B 210 A SC-
MA 55 B2 2] K AWk s8R b, A e
P K ARSI, 1 < K < K, S8 T —4850
P2 TR R B, D2D SR Tk A RS
B4 (binary phase shift keying, BPSK) #7175 =X,
FLE N K AE TR 1A, AP, +
> K, kBB EHE, A T, < K DRG0 5E
. AR R G A F P R AR B R Y 7 I
BEHLA B — AN S AR B F L A0t (1) BioR, Heh g 4
JCEHN 10,1} 2 FHEUE, HEFE F R0 R H P 4R
FE F AT X A5 B I8, ERE F AT g, SRR
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A D2D JIP o5 A BE IR 0 S 0 . HERE F YT
J. FIMGIRE R K, FomiX—F14 K, DHUE R 1
ICE S FLFE F 5 J, 91 FIEGE R 1, Fmix—51
A 1A BUER 1 TCER . EHFERYES kAT m
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F = . .
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X D2D P RO R 2R G 1 BE B R BAR Y

0 1 00110
1 0 1 2)
010
0 1 1

S = O

0 1
0 0
0 0
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E 2 SCMA-D2D E& MK EFE

ol 55 = (3) Fox
y = X7 diag(h)xi + X" diog(Hy)x) +n
(3)
Horr | diag(+) FonA AR xl RR 5 i A w
P ) o RS D D2D TP X R Y A
Sty bl o= (R, ki) " RS P BUE R
R B BFIE i B = (R, k)" 2
D2D F P AU B U8 22 18] (9 £ 36 1) i, T R
FEFRAEEE sn FRIEN 0 7 2558 1 1 W T e
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TRA5 00 48 5% FH T 194 [ % A G % 5 280 9) G B 5
P PEA 25 DA KA S0 1) 16 AR PR B L A AR AT 1%
A AR T ELRAE 52 A% B e A (R, AR T A 4 — A
BT HBMZ R ( CNN) B SCMA-D2D R4 M 2%
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B, 4 BT F, . f, Fem 885 R R D2D P i
CNN Sl 3TC, £ ) S FORE |« A s P e
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SV TR O B 2 B PR B A B L ()
RS S D2D FHFOMEENE kA SR I o £
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r, .y 3RS PR D2D P A it
NEE . ) SRR A P el
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FH P b LR R TR b o — 2 e B A e
P2 I 2% BT RUR I AR ) 0 0, I, PR ] Y 2
& M, b = log,M ., [El 4 PR J& CNN Zwf B0
PR EE AR B, A 3 A B 2 0 4 T 4R Ak
ERVE, CNN (9% AT SN KO M, X i A B 8 B
A S A B A R ECR 2, R A 2T B
FARBRILERE 1 B, 5 3R 58§ A B85 T P (0 %
B IR R ) B ) SR S D2D P 4R A

BE AT R BRRE (1 <i<6,1 <j<2),
FEVIE TR kLS | AN eEs F P 0 SR s £
Xof 07 RS < o) i e, T (5) s o I A B
U8k RS j A D2D FH BT L 4 G i B G R A
B X, n=(6) iR,
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xilk :f{,k(r{w 02(1) (6)
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s =k (7) B, 2.2 ETFHZEH CNN-SCMA-D2D £ AR 4%
Y. = zljl:]fik(rlc’ oic) + ZJ.Jilfik(rﬁ, oid) fRAaRs
1) T R CNN-SCMA-D2 DR & M 4% £ H

P S At S 2 AU P SRS 2 U, #
PSS AL 55 Jehan i A FIZR B P S Bt T
o ZRH PRGNS, & Bl — D HA I

R RO ShE R N B T, EEE R
57Ok : TR, A X — 2 9 22 U P B3 A

Hep y, ey,k=1234,

ConvlD
Batch Normalization
Relu
ConvlD
Batch Normalization
Relu
ConvlD

: JHRAR AT DL S AR R AR, AL )R e )
X@Z 1 S FRRDAE 55, IFAE 24T 55 43 SR 4 /) v 37 2
IARJZR R S5 , & AT S ST EAT
- Yoo MUEERT DL S — M ERUE 5 y hILER £
FH P oy S i 22 0 43 S BT L2 R AL i 2 P
Sy ME S FR,

o HEAG S y B g R b 4t
SRR A Rk (9) B,

y.=s(y,0) (9)

ConvlD
Batch Normalization
Relu

2o AN B Y A S — I 2, B
L ||/

4 CNN BTRREELEH

PAEE IR LT A A Sk B i i E P, (L
B, Fom R B (55 i (8) s, Hok
n FoR R R

y=y+n (8)

—————— —_—— — —

Conv1D
Normalization
Tanh
Conv 1D
Normalization
Tanh
Conv1D
Dense
Normalization
Softmax
~

Tanh
Conv1lD
Normalization
Tanh
Conv1lD
Normalization
Tanh
Dense
Normalization
Softmax
~

&

B
H
I

ConvlD
Normalization

Relu
Conv1D
Normalization

Conv 1D
Normalization

Relu
Conv 1D
Normalization

Tanh
Conv 1D
Normalization
Tanh
Conv1D
Normalization
Tanh

Dense
Normalization
Softmax
% K
it

Conv1D
Normalization

Tanh
Conv1D
Normalization
Tanh
Conv1D
Normalization
Tanh
Dense
Normalization
Softmax
~>
s

Conv1D
Normalization

E5 EFH=EH CNN-SCMA-D2D £ f 4> K fRfnes

2R y, 0, FR IR MEE s R s, /51 R 8w PR D2D R P G R AD % T
SR AIERE w, M2 b, P15 o ou FoRiess it AR AR SR R 5915 W Aot 7 22 Ak B A
PSR ARAD 2w, F% D2D J P N g s, ABARE R R i A, D7 EEARARE
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AU BT IE S, P SRR r, 5 i DT ER, 7
TR, AR jATEER,

55 i > SCMA #3535 ] P g ik # =X (10) fir
7N, 5 j A D2D P g AR (1) o,

s. = u(s(y; 0.); 6,) (10)

sio=uwi(s(y; 0.)5 0,) (11)
H, =12, 057 = 1,2, Jysu.(+) BIHIA
RIS () W y_ ;00 R | e P Y
WS SH G wi, F b0, NE 4 D2D H
RIS I N2 S50 4R w), B b, TR 2SR
e HZ SR H T softmax bR BUAE b 015 pREL,
softmax PRIECK I 1 A9 25 AL A0 SR 1 At
1B, R A At v 1 1) S AR 1) 2 46 15— A R A
J3AT o softmax PRI AR HE R B BRI soft-
max PREUH TASCHY 2 P o0 R 2 AR A 3
softmax PRI RN AN (12) 7R,

S, s - (12)
Horb, 2 FORBIZ R R — R, Y et 3R
TRAZE W28 BT A i T 2 SRR SR, S, RN N 4%
i th A5 R AMESE

st A s A B ER § A~ SCMA W58 FH P i 1)
F SRS A D2D FH P it e 0 s 25 R
J& THERAE, TETHE R S 40 i 5 iy A A
BRI )i, s X 7 s, REIE 7,7t SRR A 50
FR e s L P B0 v, BO5R 0 ASOG R, P R AT A
D2D F P8 r, 95 ) ANTTE
2.3 #EEIZ

Tl RS RES AT B M A SR R PR R
AR SCR T w3 s 0 I 2505 2 FEAS ] B ) 2R A5 R
bR UNZR M 48 AW T B 22 N 26 SoC I 288, &
A HIBAE S 7EA FR A2 AR BN S /MR A 4
KRB

Ry T AEAR ALY Gk B de b, A A2 S48 % oA
BAE A BBLIEA ) B AR R, A2 SURH0 R R AU Ok
Ml AR ) B W Sr A AL S A 25 5 . 38 S
IR 2 FhMEAR oA Y 25 S ko, BRSO IE Y B
Frog i/ ME H bR R B E LR ALA BB AEVERE . &
a2 i 0 ke 1) TN B S 23 1 B 2 i softmax

AEFRAL 0 ~ 1 Z [8] FOAE SR B s, SR 5 22 3 log () H it
Tis%,

W FH P X6 07 1 A8 S 6 2k pR R L, an= (13)
s o

L(For) = X" L(F,r)

=3 X N e (13)

Horb PR PSS B P R B k0,

D2D FH X5 R A8 A 2k R L, an=l(14)
s

L(l(;(Mr(l) = zld Ld(;‘il’r{ﬂ)

j=1
=T ey (14)
j=1 k=1
o, PR PR kI, PR S kT

3 EBRAERER

AT FE XA SCHE 1) CNN-SCMA-D2D 1R &
W 4% [ it 1 e AR S 8O AT S g0 A i e A
K SRS TR A 45 A5 305 1) S B0 M B EA T X L
YR RS ERR DL AR SCRTA 1) S 96 15 76 4 ] 1 52
e LT, TSR I SR RN X PR T
() LATHE % SCMA-D2D RAG M4 R45, AT RH
(R RSLALL 25 S 30T FH T TR B2 2% 2 2, 1 TensorFlow il
KERAS, 5B SLKHET Python 3.7. 6, YIZk{5HE L
FE A 10 dB, ek H P R AR IR 2 LR — 2 R T
YU, SRIG AR AL 4 LR — AL AR ) R R
CNN BICHBRRZ B 3, 8 KN 1,968 b 1, Y
SRR AR B 20 JTABEALECE s 20 B, AL BN Ry
400, FH A& W 4 A4 1 (adaptive moment estimation,
ADAM) T4k (13)  (14) PRV ARME, 7 ) RIE
0.000 1, BREUZ M s E ol 32,64 32, FESN
P A 7 (additive white Gaussion noise , AWGN)
FIE T IR A M4 FATEE ST T E S,
3.1 A[E D2D ARP# BEX &% BER M8 RI5 00

HI A SCHIT X L i SCHR [ 12 ] IR 3 A % D2D
(4 S FER H A TR ST U A o % D2D H P 4cH
X AN TR P 43 AR 1 158 HE R R P RE B M b A7 52
5, SCMA #53 FF B0 H I8l 6, 3535 7% U8 10 4
HILE N 4,50 5% D2D FI P g H I E R 1.2 .3,
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4 FFEATRIOGHIRS FSC s, SEIR g R AN 6 (& 7 Pir
77—\‘0

10°

BER

[ | —=#— 6SCMAI1D2D for SCMA
—6— 6SCMA2D2D for SCMA

—8— 6SCMA3D2D for SCMA
—0— 6SCMA4D2D for SCMA

107 ¢

3

107 : : : ' '
3 4 6 8 10 12 14
Eb/NO /dB

E6 D2D AP#H B SCMA 4025 R BER #8580

10°

<>
<
L3
<

—#— 6SCMA1D2D for D2D
—6— 6SCMA2D2D for D2D
1073 F —8— 6SCMA3D2D for D2D
—0— 6SCMA4D2D for D2D

107 : : : ' ;
2 4 6 8 10 12 14
Eb/NO/dB

E 7 D2D AF# B D2D 5 £ 5385 H) BER f£8E30T

ML 6 BT 1 52 36 25 S AT DL Y, X T SCMA
S5 T P R, D2D B9 H B2 T4 SCMA H
FUOr SRS s R e RE R 22 . Y D2D IR 2
ANB, 23530 SCMA P 43 25t 2k 2L i e
M7 FR i S2Be 45 5 mT DUE H, D2D ECH R 1
4 BYIHEE , D2D JH P43 28 Al A i 00 ik i 14 R AR AR
724,24 D2D P ECE S 2 13 1, D2D FH P i
PR IR Bl A, TR RS ZEZ P
TRA WSS 775 [E W 45 T 10 s 25 5 25 S 3 g
P RIE S K D2D F P B H &8 2, o] LAl A A
FH P #2514 BER HEREAR IR 2 R AT MK
3.2 EWER

AR LT A SO R 4 B CNN-SCMA-D2D
— 1250 —

fifA 7 28 5 45 G2 i B MPA {5 (% SCMA 5 %
(SCMA system w/0 D2D) LA KA FH 51 & BR B % 19
SCMA-D2D A P4 fiefiy )5 6 H9 BER TEfE,
B[ 12188 7 —Fh LAT8E R T 19 SCMA-D2D IR &
28 HE IS T 7 28, I 2% PR 81 5 AR 30— 3, 4
SCMA JH /7 % i LSD-MPA 5.3, %F D2D JH ;' % %
F LSD-ML 53:3% . &l 8 7R &A% SCHYfffish 2 1 i
IR RG W EE YRR X LI, B8 T, 7E
AWGN {518 F, AX CHY CNN-SCMA-D2D for SCMA
FIIR IS R M BE AL T LSD-MPA , CNN-SCMA-D2D for
D2D iR RMARELL T LSD-ML, I H. LSD-ML 1R
B 22T LSD-MPA, SCHR[ 12 ] i i 5 55 1 A [l
PRl fg 22 AR K, i TAE R M5 I A SO
PR A TR 2 A CNN-SCMA-D2D £ JH] J7 3 2%
fifpREh £ RE A AR g b B3 ALK P ] T4 6T 3R G i £ 1)
S BN R P s 2 i i e 22 5%, T
PRI R AELE TR A X 45 1 fif i M g 25 Lo —
W02 PR G M RE 2 25— 86 AR LE T ] MPA i A%
ST RS I B — P SCMA R %8, A SCHY
SCMA ZHI P 4 5 ff it 25 1) BER 1 RE 40 2 76 7T 2
ZAUE N, HABE A R AR RS S A B . AR AR [F]
151 1 (signal to noise ratio, SNR) N, F &l SNR =
10 dB, 7 3L Y f CNN-SCMA -D2D £ JH P 43 2 it
fEES Y SCMA P 20 2 i 25 A0 LT HA SCMA
Wems P R G MPA f# % 9 BER P RE 2k R
0.5 dB, 7E A 432 LN

10°

107}

107§

BER

—+— CNN-SCMA-D2D for SCMA
—O— CNN-SCMA-D2D for D2D
—8— LSD-MPA for SCMA!"
—&#— LSD-ML for D2D!"?/

107 F —o— SCMA System w/o D2D

107 ¢

e

s . A . . .
o 2 4 6 8 10 12 14
Eb/NO /dB

8 AREHEETE AWGN FETHIRBEERELILE
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3.3 ERESH

TR I 2% R A — Uk i Hh 2 P 5 B
A LG TR G 0 6 A RAD 7 1L B ) 35 AR IR 4 4
B, AT T CNN-SCMA-D2D v () i i i1
B, T ARG K IR, L(L,) Fom
Son ERERE(HPE) MEGEZEE ., N(N,) #
AN FEIEROHP)Z) BEUEUZ T 8 H .

T SCMA 1 D2D FH = fifk ith sy 1) s )2 )2 5002 —
W, L, IE AT LIAEH . ARSCLL SCMA H P 9 ffis R
Zk i P fiE #E 47 % o, CNN-SCMA-D2D #il LSD-MPA
()3 fill ( multiply-accumulate , MAC ) 45 1 A i 26 1
FEL9 JE7R , B P 0122 i B[] % b G &1 10
JR

x1 TREENERE

LSD-MPA''

CNN-SCMA-D2D
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SCMA-D2D hybrid network convolutional autoencoder

XU Yaohua* ™ , ZHOU Xinyuan™ ™ , HUANG Xing" ™ , JIANG Fang™ ™ , WANG Yi* ™, WANG Yue" ™™
( " Key Laboratory of Intelligent Computing and Signal Processing,
Ministry of Education, Anhui University, Hefei 230601 )
( ™ The ToT Spectrum Sensing and Testing Engineering Center of Anhui University, Hefei 230601 )
(™ Anhui Telecom Planning and Design Co. , Ltd. , Hefei 230031)
Abstract

In order to meet the needs of massive connectivity and low power consumption in Internet of Things communi-
cation, efficient use of limited spectrum resources has become an important challenge. Adding D2D( device to de-
vice) user pairs to SCMA (sparse code multiple access) cellular network and sharing spectrum resources among
them can further improve spectrum utilization and meet the communication needs of massive connectivity and low
power consumption. However, serious inter-user interference will be caused when different types of users share
same spectrum resources, resulting in lower accuracy of multi-user detection and higher complexity of decoding. In
this paper, convolutional neural network ( CNN) is used to design the SCMA-D2D hybrid network autoencoder,
and a suitable neural network structure is designed through end-to-end joint training. Using CNN unit to implement
hybrid network coding, learn the valid codebook of SCMA cellular users and D2D users; The multi-user detection
problem of hybrid networks is modeled as a multi-task classification decoding problem based on shared layer mecha-
nism, and a multi-user classification decoder is established. The results show that the proposed autoencoder can
generate codebooks with better adaptability to the system, and combined with the multi-task classification decoder at
the receiving end, it can effectively improve the bit error rate performance of the whole hybrid network system and
reduce the computational complexity of decoding.

Key words: convolutional neural network (CNN) , sparse code multiple access( SCMA), device to device
(D2D) communication, wireless communication, multi-user hybrid network
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