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Abstract

Sparse Code Division Multiple Access (SCMA) is a new non-orthogonal multiple access technology
based on code domain. It combines modulation with sparse spread spectrum to effectively im-
prove the spectral efficiency of the system. Based on the Latin structure, this paper puts forward a
new type of power imbalance code book, which introduces power differences between different
codebooks and between different dimensions of the same codebook, greatly improving the diver-
sity of codebook power. The parameters are optimized by genetic algorithm, and the minimum
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Euclidean distance between combined constellation points is increased. Simulation results show
that the bit error rate performance of the proposed codebook in Gaussian channel is improved
compared with that of the previous codebook.
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1. 518

N T #E—24 /2 5G (The Fifth Generation Mobile Communication System, 5G) &% J: T —S TC &kl 5 &
ARG R 2L KA DA R i N SR, — R B (1 1E 28 2 hik 3 N B R (NOMA) 4 Hi[1]. SCMA
{E N NOMA —Fh L 70 (RS 82 F 19 75 R [2], SZAIRZE 9 45(LDS, low density signature) 7511 #: A DL K& 2
BBAD 7> 2 - N (CDMA) I JE K [3], HoW s 59 s G —i, B & ILRHE BBURE A
P RSAT RS, 18 T 24BN BUEIE a8, HYEREIR T LDS. A P B FE A, &
MR Z [ FEANIERS, MG SE AR 1F A8 2 k4 N DA K R Geid # H 1.

SCMA L&A BT LA K MPA RGP R4y, FLAR DA BT MPA Rl &2 2444 UL SCMA R4¢
PERE R R BT AR, EANRARIRIT SR, DM SCHRE 2 £ — L AL T %
KTERL SCMA BBABE T SCHR[ATXIRE S e AT HERE 19 B 2 4ERER Je, FIEIE & F P ke () S R PR VR AR B
FAPHEAS, PRI 3 B vt s ) R 53 e 2, RIS 200 ikTs SRR A B 8 e, &
TR/ NRR IREE 25, s KA s NI E 25 LA K TR 22 Ak . STHR[5] 15 Yk —FhE T Star-QAM 11
ARGER, LA R A B/ NRR R BTN BT 2 4ERER S, BEMTAF 4 F P AR, RIS RE AR e T At i
KA RIFET o SCHR[CIRMICAE B2 2 e AT e b A R 4 FE R P, SR BB FE AT A LA LI BB TE
Vs M AE R P B 22 YRR S . SCHR[7]MREE%T EATEGFIEIE BT SCMA 1A, @il SCMA R41%5%
B MIMO 2%, LUK RGBS NHE M TG A, A2 RS A /e 3G RIS 18 R A IR LRI, STk
(813 T K AL IR A (R A U S i BN WS it | —ZE RS 5, TR B Latin Z5K942 & FH P AOAS AR

TEEWIEE T, BRI 5 ) /N B B 0 i AR i 26 EL A R SR SR i . SCRR[O) Bk I i B
BB IR, G B RS A BT I B e R AT B MR AR B A RS AR, R A A% SR B S HOE AT L,
128 B f KA 8 25T T B /NRR SR BE B 10 H 1 o IR BT R R s, HEMF S Z, #n T ik
MIMERE: SN AR FYEE 2 (R E TR 2R, 1R 2 SO A E D) 3 25 RIS A R3S n B2 s bk b 2 e
S IRN ARSI T RN, T H2 T MPA B2USHLAAI 1 RE[4] [5]. AN SCHE H — b B (R A S5 ) o 7R [ RS A 22 T
HR RIS AR (AN [ 4t 5 2 18] DA R RS e R 2 IR I NIh e 22 57, DA oAb S /N e 2900 A 3 o 3 A% B
PR SERATIAG, RS RRUERBEE N REMIRS R I RO

2. SCMA ARG 5 A&
2.1. SCMA ZZ: &1/
B ) AP K ANERR I RS R0 T SCMA I R% (3 >K), HRGLHEN
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A=J/K o fER %3, SCMA Rk /' j () log, (M ) 5 B HURR B WU MBS AS X i A K 4 S H
BT X = [ %)% % | FeF M =X FORTOAR IR A, AT A N(N <K) MEETE.
SCMA 4 fid 85 ) TAE 25 BT 53 AR 5 By S0P 60y o 2 2 ot FE SR B 5 0 6P R A Lk
KO b WAy N AR R R, R AR/ M VI B VK N R B A BTG A X R K
PR RRIRIG X, BRI | IS AR A X, = Vg, (b)) -

LEALAE AR R, 3 P D PR NE K AN ERS VR b 2 B 205, B S y = (Yo Yoo Vi)
LR s

y=diag(h)ixj+n (1)

Hah=[h,h, - h ] RRGEEEEAE, h ~CN(01), diag(s) RAHFEMAEH, n~CN(0,N,l)
ORI

2.2. ZHK) SCMA BAIEHHER
XFLESHC (V.G M N K) 3t V=V, | Gi=[g,] | SCMA B A B T A S

V*,G" =argmax, c m(¢(V,G;J,M,K,N)) 2)

Hrb, m 24 eIt HEN . 1% 2 4E R R ARIE S N BT — AT R R, — Bl G IR 77 1 A e ok
ISRV [V, R G = [o, | AR, BT PUR R IHSUAL A I,
FERE A B R TR 22 R R AR () 1T

£ SCMA R4+, "N A HAMEF DA, X ERE LW ADAR R 7 Z AR I AN R AL R,
IR BN ED . R 2 SR — M Se vt — N ERE SR el oo BE A A AT P B R R RIS
ET AL SRR P AR RS, B g E(Aj)g,Vj LA FOR B REAT , g 2R B AL LR £ . SCMA
AR T [ BT DA A A

g*,[A*j ]Ll =arg maxg’[Ajﬁ:1 m(g(v*,[Ajg]j:l :J,M,K,N )) ©)

— M BT U L B e KA A /NRR R 8 D R B KA e /N TRFRFE 25, 57 AN () 1) T 28 22 SR T LA

& SRR R BRI N, 815 MPA FER I 4 A SE 4 (1) 2R 30

3. BfEEEALEEIT
MAEGERIT AL, RATAT LR BRI 0 T SCMA RGetk e BA EEMEN, v 718
R BE R fi /N R 8 DA B AR R T R b, AR N = 2 4EBRE FRESHI IR

a ,---,a ,a ’.-.’1,_1’.-.’_(1 ,_a ,...,_a
MC :( M/2 M/4+1 @ /a M/4 M/4+1 M/zj

L =0y O g O 2 O O a1 O L

(4)

Hop M FRIRBGA K

A FH B B4 S A T SCHR[L0]42 He F) Latin £544), Latin 25 #2484 MR 4T 8 AR R T &
R —TE 1 ANE T DAESCER, A SCE R SRS FAS A e M R T AN [ D) 2 4R, AR A — BE
TR P B ThE B 2R, T K e Al i/ NRRECRE B, 42 8 MPA B2USHLI P RE . X T K =
4,)=6 L4 i SCMA A 45 Ky ke i5t
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MBFEBERTLVE Y, R AN E AN 2(1+ o) o RIS HIUERE S W17 F i

0_ Azein AieJ:Wl 0 Aaejmﬂs 0
S Aielm/)l 0 Azelﬂl/& 0 0 Aae"“”3
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Mﬁﬁﬁ%ﬂuﬁﬁ,%F1%E@ﬁ¢@=V¥% Q]u&%%ﬁmw=f OOJ,
0 Ae” 0001
AL LIRSS TR g, = VA g » BT T
0 0 0 0
aAiejwl Aieimm _Aiej“(/’l _aAlejTW’l
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0 0 0 0

_Azeimpz aAzeJ'Wz _aAzein AZeJ'Wz

MBITHE H RS A g5/ TT LU AR P RS A TR 2 AN 5] 1, A R RS A A [R) 4 2 0 TR AN A [AD
FAVR TR 2R REK, $25 MPA SR HER 1 .

SCMA RGMAAEEATURR AL =1, DY, @Dy, » HHF MON LRI M (EE— 5 54
NAEZE 2 FIRI 2 A, 5T J =6 L& M =4 ) SCMA R4k, & R/ MITH M’ =4096 Mo X,
Xt
TREEX()ex, Ax(n)=>7 x;(m),n=12 M’ o AL RN RNKAES d,, TUFRN:

d.. =min{|x(p)—x(q)||Vp¢q p,q=1,2,...,|v|J} (8)

ARG ENE 3N IWESHE, E,UKE,, 3NMREAKESH o, ¢, LK o, FIBLE JES
o, BITASH, HEET RO 17 M2, SHEE W RED .
TEBLT SERS AR S5 R 2 J5, F6 T I Il R 2 AT ARA AR SR IR T T v U)o e KA L B i )
ANERRE S, BRI A o) R DL T AL
E.¢ o =argmax., , d.. (E.@ aJ,M K,N) 9)

E,9,a “'min

HE=(EL B, E) s 0=(0uppy) . AT T 5HEIAE, JATEE A bS5 P %
ﬁ%z;ziﬁﬁmrﬂ,%Zﬁa¢g+g:6oﬁi%ﬁmmwﬁ%ﬁ%Iﬂﬁﬁﬁﬁ%,W%ﬁ

BN E M B S BEALEUE, PR & A 100, f RBEARIKEE B A 100, e 2eBtiL Bk R g 4h

WA 1 s . BAERIREE TR, 45 B fa i/ N ER B i KB 31 T 1.156, AL E S8
E,=23356, E,=12720, E,=23703, ¢ =0.0089, ¢, =02622, ¢, =02622, a=167. K]
MRS S5 BRI AR S50 LA T AN [E P AEAS R BEE S B D3 A an € 2 fos, Hd ul BLA REL 435
T L LR AT, WE 2 ATDVEH, s A F P R A R, A 5 L
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LT 6 A RMThFREOR, MHREH T 2R IIRE N T RITHRE, &S FEA [ B E oy
FEHI DR AR, Hrh A LRSI 2 ETDhRR TR 3 LaRCHThaR, MM~ 2 5
/=R N 7)< N v ¢82SR s LW T
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Figure 1. Optimization of genetic algorithm in Gaussian channel
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Figure 2. Power distribution of different user codebooks
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StarQAM RSA G N 1 YEJE 18] T A 22 7 AR i (518 A IR AR AR R VERER L, GA BSA A
(KIS AH R 1A% S SR AT . D8 THE T AR A Z[E LU, X BB 7 IR H %A 1.
M LA RAE . AT A=A, DhR S RA SR B EA N — B FRE, iR MEAAR
YEFZ 1A D AR 22 i R AN A R P RS A Z A DR 227 o S ANAS ST R A P 28 45 J2 AR i 18] ) i/ R
BIKE| T 1.156, MM[REE AN AT AR R GA MAS i/ NI B0 1.0568

Table 1. Comparison of different codebooks
2 1. FEEAELE

YERE T FR AR T 2 72 53 (eSS SRR HA R PRt NER R
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StarQAM [5] 2 i 1 0.8983
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Figure 3. Comparison of bit error rates of different codebooks in Gaussian channels
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