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Abstract

In sparse code multiple access systems, codebook construction and multi-user detection are key
factors to improve bit error rate (BER) performance. Since the power imbalance between user co-
debooks can increase the near far effect, reduce the interference between users at the receiving
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end, and improve the performance of multi-user detection, based on the improved differential
evolution algorithm, we fixed the value range of the minimum product distance, with the goal of
maximizing the minimum Euclidean distance, and constructed a power imbalance codebook that
is applicable to both the Gaussian channel and the downlink Rayleigh fading channel. The simula-
tion results show that the SNR of the proposed codebook is improved by about 0.3 dB when BER =
10-5 in the Gaussian channel compared with the existing differential evolution codebook; In the
downlink Rayleigh fading channel, when BER = 10-4, it also increases about 1.0 dB. Therefore, the
codebook designed by the proposed scheme is a power imbalance codebook with better perfor-
mance.
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1. 51§

A EEE DL ARG IEE T, 75 B0 L KRB P 4\ DL i i ) FH 26 S5 R [1] . AHER
FIERZZ AR, FEIER £ 3% A (Non-orthogonal multiple access, NOMA) s A H— & Bk [2]
[3]. 1M HAT SCMA {E4 NOMA [ —Fibr R AR [4], TEA Sz 282 5050, SFF 2 H P A
4y, MR AR AR, AT DATE R i W S A% 15 5 (message passing algorithm, MPA) I [5].
T SCMA RGURFH P AR LORHS B BN B P 2 4eia A, B P A MR iE e 73T
SCMA ] NOMA Z4itERE. 7£ SCMA R&iH, RYARMFER T FAK RS MR I R R OR R .
KZHOINA FIRG AN 18 7 e N2 4 5 RS A AR R 1, 3% L8 RERG AR BLA K (1) B /N RK PG 25 B8R 1Y)
B/NFFBEES[6] [7], RIE& R BE T 59 50 A2 P 04 (B2 LA ARG R 2 A2 T
FASHEIATIAGIB] [9], 2518 T IR AH FUL LD

FESCER[L0] 42 H T — P i AR S5k, SRR Z b, LRSS % (Signal error rate,
SER) N H bR BRECKREHATIRACII T 58 STR[1114E H T — P BACP SR B 7 %R, SRR ETER
R 5K A5 Bhist AR Ak, FE BER T RETE s (S A g A1 S V5 (5 18 N AR BRI . RRi%AD
AAE FATREBS AR A F 2 2 [ B A ThZe 22 5 SCER[12]38 H —FMIRE A M Dh AP D A M 7
EREE T, RS BER MAEA AL UL SCERE A AKE & wT LA F P 18] 16 Th 3 AS P47 (B
IR NOMA [1)—ANAFREPE), LR SEHLIE 5 MPA fif .

RIAETNHA T4 SCMA T A MG 3 S b, 15 B ois 10 22 0 B SE0E B 1E — Rl BL IR D) 26 A
A, fFeRMEHTEEES FrmAEEEE. RS RER, Pt EAFENA T BER M
RETEMFIMETE T #5H — & 4Tt .

2. FiEHENA
2.1. SCMA &8

BUELE T AT SCMA R GEH, A I AT mE S KA BB L, I i A — A kel 5 (5 2 . SCMA
RGALGASINT, KoL A log, M A> b5 B BUR BRSBTS A, et — A K 485057,
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Figure 1. Simplified coding schematic diagram
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22. EQiFHHEX
%4y AL 5% (Differential Evolution, DE) & —Fh & AEA AL 5032 . 75 DE iEAULFERI[10], SeBEMLER S
MIEFE R, HImEd p,i=12,--,S £ow, BMFNEA D MK, BN mERKE. 28
JaiEAE R, B FRR BRI X GERE P RERAERR, Hp R ARRN:
UF=p1+m(p2—p3) (1)
X py, Py P AT R BEHLE R AR =AM F, m MR T, G NERIREL.
o UP;,if r<C, or j= jing
R T
KQZ—MNZ X, XH C BRI XM T, r N[0, 1 EEHLARIIEL, jrand H[1,D]H
BENLIEEERIEL, B R — AR 208 — DB R AN, AT —UGEARAE R — AT SR,
B BUSERE RN T, ARG B R AL, IR BRI A A
ul,if f(u®)>f(p®
piG+l _J) ( ) (p ) (3)
po, HAth

@

XL ()R B bRk 2
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2.3. KEMERELRIR

SCMA REHIMERE 5 HASAME IR S K, MIA PR ] Aoy — SRR E . 78Sk
[13] [14]h 4B T 2 4R PR vk 1) — S SCBE E R R AR, 2 X = (X0, X0+, X ), Y = (Vo Yoo o0 Y ) HPIANED
TR, B XHA TR E W /DB K EE 2 (Minimum  Euclidean Distance, MED) & 7r A
e i =Min|x— |, BN FAFEE (Minimum Product Distance, MPD)#J BLZR /Ry
Aomin =MIinT T |% = Vil (% # y;) o TERBETE S, B NS4 ) B/ NER RCRE B R A0 AR 25 1 = 224, 1
TES A ZEVRASIE Y, B A 2 (] ) e N AR B B8 S A AR 5 1) 3 B2 4R A

3. BAME
3.1. BRAEEE

T RSA Z EAAAE D) R 22 5, AT DAL RN, A FE P AOR i B2 A E R, BEAR
AT P T T4, AT B i MPA I I R 2% 15 o T L BRATTRT AR IE — Fh DR AT iTRS A
KIETE SCMA RGiMERE. BATUL LK/ NRGNH], HTIA R RAPHERSALLL], EHNINE 5
BT — A AR, BN CIUE RS E,  IXAE AT ORI —Fh S 037 — 4k R BHY A

ip: io ip ip
e, e, —re', —r,e'

MC = 4)

—1e", 1, —1,e'2 1

B4 1 =10, >1, g0, MERME. XARIABMNREEN|MC =42 +17), BOVEFALER 1
fEf—PE, [ BHO AR — M ERE IR Eye =2(10 +17)

BATH BT A — RIS LA R AL LA Dh 3 0B, FR s i U A B 7 16
K, HHRFEMAPEAZ AFEDZEER . UK=4,0=6,M =4 3, BAUEEEMDEIFHIIEN
1, MREATE AR E=IM/K, HE=6. FABANE S ENEMRAI BN, =3, &
A RN E;, j = 12,3 %5, W E +E,+E,=6, i E, =Eye -|A [ 4, =0, j=12.3.

He T UL DAy L7 SRS A SCIR L] 5R AN R Thn T S M R, RIS — 2R A 4R, LR AT LA
ARSI ] B DDA, AR T -

A, A, A, O 0 O
A 0 0 A, A, O

G=|"2 s ®)
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3.2. RPIBA

F1 Z, = diag(c, ) FRMI P | BUIEBESEF, Forkic, 5 G th % 0 TGRS j 1L, P B A AT LL il
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3.3. =R
P 2 18 D25 Be 7 RANE], P RE 2 S EUE INGD S-ER 1 B /NRK QR B A7 i AN, BE T 520 BER 1

BEo PRIEIRATTTT LA AR KA fie /NG PR B 1 AR A B /AR BE S O H AR R AAL D - p e T 58, IR Th A
WD A R G L AR AT AL A — DS HAA I R - DARTTH /N R G2 B, XA /] AR IR
max dg i (1,,6,@)
st dppin(R.60.@)>a

r,>1,

E +E,+E =6,

0<0.0,,0, <27, Vi=123.

o, €R,Vi=123.
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/E\:E'jaz(%:(ﬂz’gllezv%)’ wz(wllwzﬂ’s)"
4. IHEER7Hh

AR SCHR[10] [15], WEVIMEYIFIEL S = 50, TAYFIEAH D =9 (BHANE)MNME. HETKZHE
FIIZE 5y g B, RS AR A MR R 1 5 RS IR AR AL ), 55 S B AE L FEIE
e, MG RYR R, kTP ERETMR . EBATE 2 00 B R 128 SR A T3 BN
i 2 {A C, =0.95 By [FI B, SN 7 3G 4 dh 2 #E v, B 9848 B 7 o0 AR D B Ik AR IR BT AR k1
m = 0.2 x 3o/ Umax D) o1l 22 530 S SR ARARIT , FoATTHSTE PR BEAT IS A0 R, B2 AL SE B RS 1
FERR . X B ()RR 2 H AR R (0 — /N IR 9)

BT HRAFTELEIL AN MPD, BATEERMAEE T =055 . 5 2 BRI DR ARG ATE
HGE IR 22 4y AL BVE N MED BHIEARIREUI R I 2k o BATTHUR RaEARIRE 1, =100, Z25 K% 30 ik
X MED 1A 3| | f2 € {H 1.1558.
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Figure 2. Optimization result chart
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AR, ARG A 5 DE #94[10]. Pl FSA[11])40 LC FSA[12]#E4T BER PEREELES. % 1 BoR

TR — S EAR PRI LURL,  BURHEEA P A th i 7 (P 2 D0 1.

Table 1. Table of key indicators
1. KBEEARR

A e Nl MED MPD
DE [10] %5 0.9424 0.4832
Pl [11] = 1.1387 0.5492
LC[12] 7 1.0954 0

prop = 1.1558 0.7300

HH7e 1 AT, RATPTHERL AR 1 B /N K I PE B9 b DE RS AN 0.2143. b PI RS AR 0.0171. B LC FgA
= 0.0604; Hof /N EE B LM i T HARAD AS . 3% 02 BT RAL ASAE P A AS [ 18 N R PR H AR D A< g
L FZER A

Table 2. Simulation parameter table
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Figure 3. BER comparison of different codebooks in Gaussian channel
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K3 Bon TEEHEIE T, 24 BER = 10° 6, FrifThRAFHri A {5 e L Le PI RS AR T 72 0.15
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Figure 4. BER comparison of different codebooks in Rayleigh
channel
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24 BER = 10 * I, AT IR APATID A (KIS M L EE PI RS A$ETF T 0.7 dB, . DE iA$ETF 7 1.0dB. ¥
BART LC WA, FTiRISAIE 2518 N AR T AL A 541K BER TEAESRTE, RN EA LT
AW K e /N R E B 18 5 /N e FR IR
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S L O R AT T 204 015 dB;s F FATHGFIZEVA(EIE T, 24 BER = 107, FATHehd A {5 i
FA DA AR T 202 0.7 dB. L ZE N RIS H 7 AL (1 D) 26 22 S R 3 Inaze i ;808 , A 1420 oms
MPA A = 22 8] (R AE B 4R0S,  $2 7+ MPA f@gfihs AR A K MED AT MPD, AT 2
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