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ABSTRACT

Sparse code multiple access(SCMA) is a non-orthogonal multiple accessqNOMA) scheme which is proposed to
increase the transmission capacity of a wireless channel. Recently, SCMA has attracted attention because it
achieves a very high spectral efficiency compared to the orthogonal frequency division multiple access(OFDMA)
scheme in 4G and 5G communications. On the other hand, the combination of various channel codes and SCMA
has been studied to improve the multi-user detection performance of SCMA, and a joint multi-user detection
scheme that combines the decoding of channel codes and the multi-user detection process of SCMA has been
studied. In this paper, we propose a new joint detection process in which the SCMA detection and the channel
code decoding process are segmented by user in the tanner graph of the joint detection process, and the
detection is performed sequentially by user. Compared to the conventional joint detector that requires a large
number of iterations to obtain the optimal BER performance, the proposed scheme can improve the complexity

of the detector by achieving the BER performance convergence with only a small number of iterations.
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Successive Multi-user Detection for Polar coded SCMA

1: Initialize:

]f,ﬂ/,(xf): ﬂi/fi:L o I JESH =1, -, N/ Q
R ,=0tEAR =, tEA O, =[AECBDFI.
2:
3: for 7 =1, 2, --- , iter_num do
4: for i = 1 : user_num do
5: Lyser=Oiser (1)
6: for I =1: N/Q do
7: FNs Update Process for user 1,
8: 6) to (9) in [10](=® or in Fig. 4)
9: end for
10:
11: Priori Information Update Process for user 1,,,,:
12: Ly = Hi](Lf.SCMA(CI"))
13: ( ,L,K,) polar,deooder(I,f],RiL) =® to @ or @
14:
15: for 1 =1: N/Q do
16: (14) to (16) in [10](=® or ) in Fig. 4)
17: VNs Update Process for user I,
18: end for
19: end for
20: end for

: @(=D or @ in Fig. 4)

: (6)(=® or @ in Fig. 4)

to @ in Fig. 4)

Wk 28 59] WEHellA AWGNS 4 (2)¢] Hie] &
€ WAAEe] 18]l A 55k, AWGN(Random
phase)= Hj o] =& o2k Aol sl [hy |*=1 o]x
2 b o] $14 [0 2mjeld] BRHo R FEREE

7= AdE Bk gl Raylelgh— Hi9 =&
1;H71-/HH Ea;do] g.]]cﬂg.”o] By 2 ulal XH g_%
Segek AWGN Ade] 7%, 0.3~0.6 7koll4] 24
455 Holu, AWGN(Random phase) el 73-¢-
o+ 0.3~0.5 lollA =9 . 1x]
Sro R el Ade] A, 04~0.6 Al FH
A Aes 2otk
B 1A% ATe A8 Aad ag
Table 1. System parameter for the performance
simulation
System parameter Value

The number of users / 6

The number of orthogonal resources .J 4

Code length V 256

Code rate 12

1142

713 62 AWGN Ad 373ellx] 7120 A3k A
Z 713 =2 el oA 8=} 74% 7142 7AE vl
B-3](Iteration) ol] = 71&2]
AFY 7% 71489 7]—3—?] + a= 0701 a1, =2}
1) HEAA 1% 7140 7K S2ielE =04

oltk. 2§ 604, “]“iﬂ
42 HE

R R e
Pl 7128 AR 45714l Hls) o

AWGH EDJNU:EdEI MNo. iteration=2
S— AWGM(Random pnase),EbeD:EidEl, Mo.iteration=3
— — —Ravyleigh, EbJND=?dEI Mo.iteration=2

% \ \:Z.\ . \ L s b
] ~T——e 3
b e ]
10 -
— !
105k — . 4
10 3 : . - -
0 02 04 06 08 1 12 14
3
J8 5. Bel we Al oA 2E 719 BER
A=
[<3X<)
Fig. 5. BER performance of successive  multiuser

detection scheme according to [3

www.dbpia.co.kr



=/ Polar 33} SCMAS

9 A4 EheAt A% 7

10° T T T T T T T
Conventional joint detection
—=— Successive multiuserdetection
N
102%, 9 E
N ™ E /N =4dB
A pt
\ R
i \ ~——_ po
H A — [ A
104k N\ e %, ]
AY
\
\
N\ - E/N,=6dB
10°E bs L S
1 1.5 2 25 3 35 4 4.5 5

Iteration

023 6. HHSlge] W2 BER A%, AWGN chamnel, V
=256, Code rate=1/2

Fig. 6. BER performance according to the number of
iteration, AWGN channel, /V=256, Code rate=1/2

=3 =& BER A58 hAEre oF S Qi) B3
B NyotdB 2 o1 534 AL A 7]
HE 2He] 1 —E‘— whol] 33% BER o5 24T
SRIg 4 giek wk, slEe] ARY AE e
E,/ N,=6dB °a‘ wﬂ, 3wle] mkE whol] S3%l =
Bolw, £/N=4dB & wii= 51| Wl = ojAl3]
5ol SoshA S A% HAF 5 glek vl
B/Nb 5%, BER Aol S3a7] 413 Ak
Sk 71 71 F1ge) % AR Aelh A% &
% glek

1% 72 AWGN(Random phase) H'doll4]2]
BER 455 Btk vx] seprlels 23 6ol of
gk Age sdsiel a7 794, 3 eeAeAt
7% 711 ¢] BER A5°] 43429} 5% BER 4
52 7 7] SRelA] 2 “H-r 43 A BT
5 9tk 53] E/N,=6dB3l 7%, 712 A3 7

% 7|92 BER A%5o] ¢k 3x10° 501]&% 3= 1k
d, A AR AE7 S ok 210 P ellA
A<

T pu

Hak= AL =HlE S Qi)

13 82 Rayleigh Adlx #E vHE-3]4d] w}2
BER Aot 23F4 9l oA g1l A& 714 7}
Zx WS B=05 ola, A A mkEelEs
AWGN Adellxle] A=} Felslrt Rayleigh A'd
M= EUFA vrE3ST) AL uw £ oAl
S2 A% 7L 7129 A3 STyl vls o
T3 T2 s Ak A v AE
71He E/N,=6dB < ), 3ule] ubalguio R 5
2% BER Ao 9AJEhS skelal 2 9o} &k

10? T T T T T T T
Conventional joint detection
—©— Successive multiuserdetection

E /N =3dB

Ey/N,=5dB

BER
-8

Iteration

02l 7. d33ige] w2 BER A%, AWGN(Random
phase) channel, V=256, Code rate=1/2

Fig. 7. BER performance according to the number of
iteration, AWGN(Random phase) channel, V=256, Code
rate=1/2

10° T T T T T
Conventional joint detection
—©— Successive multiuserdetection

107!

102

E,/N,=6dB

BER

Iteration

T2l 8. WHE3lSel w2 BER A5, Rayleigh channel, /V
=256, Code rate=1/2

Fig. 8. BER performance according to the number of
iteration, Rayleigh channel, /NV=256, Code rate=1/2

E/N,=8dB Q1 F7ellx= 21le] nhaaby whel
3% BER A5s 23S Feld 4 gk

V.2 B
B =Tl polar §-%.3} SCMA Al&9] 23t
AZ7] 7|\F =214 E]T/‘F&XF =715 Ak
th gk ARA} 15 WellA B ARl gt Hlo]
E AES sA Aeah= 7150 A3 A7
T g, Aokl 44 ARt AEHe A

j;

Z719] tanner graph =04 ZF WAIA] =5
22 A 2sksla ok ARl dlole] A=
Hogk geal & e AERS sl 1S

AdeE A *é% d3AT el = A v
1143

arf

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences "20-07 Vol.45 No.07

A7 75714 BER %S V18] A9 A%
715} WSk, polar %:35344) Zeel viak 7h
F2 g2 A4 ghe Hsisek A4 SR
A2 7% TPgel Hlal AL MR
453 BER %2 DAslich 531, A7k 44

As Ay 2Ado] shystar AlAlEe] fate] ]

TS HEE 7= AldellAM, 3% BER A5 =3
71& 719l Blal d53e Felsisich

References

[1] G. Kang, H. Kim, Y. Shin, and O. Shin,
“Performance analysis of signal detection
based on message passing algorithm in uplink
sparse code multiple access systems with
multiple antennas,” J. KICS, vol. 43, no. 3,
pp. 497-505, Mar. 2018.

[2] Z. Ding, X. Lei, G. K. Karagiannidis, R.
Schober, J. Yuan, and V. K. Bhargava, “A
survey on non-orthogonal multiple access for
5G networks: Research challenges and future
trends,” IEEE J. Sel. Areas in Commun., vol.
35, no. 10, pp. 2181-2195, Oct. 2017.

[31 S. Moon and J. Lee, “Performance study of
connectionless access based on SCMA with
different spreading sequences for massive IoT
access,” in Proc. Symp. KICS, pp. 595-596,
Nov. 2019.

[4] J. Wang, C. Zhang, R. Li, G. Wang, and J.
Wang, “Narrow-band scma: A new solution
for 5g iot uplink communications,” in Proc.
2016 IEEE 84th VTC-Fall, pp. 1-5, Sep. 2016.

[51 L. Lu, Y. Chen, W. Guo, H. Yang, Y. Wu,
and S. Xing, “Prototype for 5G new air
interface technology SCMA and performance
evaluation,” China Commun., vol. 12, pp.
38-48, Dec. 2015.

[6] A. Bayesteh, H. Nikopour, M. Taherzadeh, H.
Baligh, and J. Ma, “Low complexity
techniques for SCMA detection” in Proc.
2015 IEEE Globecom Workshops (GC
Wkshps), pp. 1-6, Dec. 2015.

[71 S. Song, S. Lim, and H. Park, “Introduction to
the design methods and performance

evaluation of 5G new radio (NR) polar

1144

codes,” J. KICS, vol. 43, no. 7, pp. 1065-
1073, Jul. 2018.

[8] Y. Wu, S. Zhang, and Y. Chen, “Iterative
multiuser receiver in sparse code multiple
access systems,” in Proc. IEEE ICC, pp.
2918-2923, Jun. 2015.

[91 Z. Pan, E. Li, L. Wen, J. Lei, and C. Tang,
“Joint iterative detection and decoding receiver
for polar coded SCMA system,” in Proc.
IEEE ICC Wkshps., pp. 1-6, May 2018.

[10] Z. Pan, E. Li, L. Zhang, J. Lei, and C. Tang,
“Design and optimization of joint iterative
detection and decoding receiver for uplink
polar coded SCMA system,” IEEE Access,
vol. 6, pp. 52014-52026, Oct. 2018.

gl & & (Dongjun Na)

201441 24 st AM
et &4

2016\ 294 it AR
Al At

20169  39~3A) : g
BRI g A

<A Fol> OFDM 7|Mb tlulem) g,
FBMC 7|8} o} ulgsl Al 5G o)l%5-%
A AzE, A 3=

[ORCID:0000-0002-1656-4113]

Z #H 5 (Kwonhue Choi)
199443 24 : E3FIf st A
27| gskt &4
=¥ 19961 29 : E3Fgjo)st
o A7 AL

- 2000 24 : EFgp e A
A 7)ge) vl
20004 49~2003 24 g

AAEA AT FA TS A F T
ARS A" A+

2003 29~&lA) : ddeisha A HFAFE wa

<F]Hel> OFDM 714k tlgnlss} A5HkA], MIMO
HAE daElE, 56 °l58Al A2=H

[ORCID:0000-0002-1755-0186]

k]
N

fud

ki
N

www.dbpia.co.kr



	Polar 부호화 SCMA를 위한 순차적 다중사용자 검출 기법
	요약
	ABSTRACT
	Ⅰ. 서론
	Ⅱ. 기존의 polar 부호화 SCMA 신호의 결합형 검출기법
	Ⅲ. Polar 부호화 SCMA 신호의 순차적 다중사용자 검출기법
	Ⅳ. 실험 결과
	Ⅴ. 결론
	References


