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Abstract: Aiming at the problem of estimation of long and short code direct spread code division multiple access signal with resid-

ual frequency offset, firstly, the signal matrix is constructed by using the periodic piecewise received signals of short code and long

code. Secondly, the eigenvalue decomposition method is used to obtain the user eigenvector sub—space with residual carrier, and

the digital phase—locked loop is used to track and eliminate the residual frequency offset. Then, the Givens matrix is used to ro-

tate the load matrix composed of eigenvectors, and a whale optimization algorithm combined with random difference and simulated

annealing is proposed to find the best rotation angle to minimize variance, so as to estimate the composite code segments of each

user and splice them in turn. Finally, Berlekamp —Messay algorithm and correlation operation are used to estimate the long code

and short code of each user. Simulation results verify the effectiveness of the proposed algorithm for pseudo code estimation of

LSC-DS-CDMA signals with residual frequency offset.

Key words : long and short code direct spread code division multiple access ; digital phase locked loop ; Givens rotation ; whale opti-

mization algorithm ; Berlekamp—Massey algorithm

(Direct Sequence Code Divi- )

LSC)DS-CDMA . SC-DS-CDMA
[2]-[3]

sion Multiple Access, DS—CDMA) (21 (31

) ° ; [4] Givens
DS-CDMA (Short Code , SC-DS-CDMA ,
SC)DS - CDMA (Long Code , LC)DS - CDMA Givens ,

) , , ; LC-DS-CDMA
, (Long and Short Code , , [5-6]
, TUCKER N 1 & tel

* : (61571172) DS -CDMA ; [7]

58 —www.ChinaAET.com

http://www.chinaaet.com

LC -



http://www.chinaaet.com

BG5S M

LC-DS-CDMA
; [8] .
FastICA LSC-DS-CDMA ,
m ’
[9] FastICA LSC-DS-CDMA
[10]
o [11]-[12] V4
; [13]
, (Digital Phase
Locked Loop , DPLL) ,
s LSC -DS-CDMA
LSC-DS-CDMA ,
Givens
Givens
1
LSC-DS-CDMA
b [8]’
, R
LSC-DS-CDMA
¥(n)= ZA (s e vw(n) n=1,2, - Ny (1)
Ja ;¢ e (0,2m)
sA, . d.(n) s (n) r
,8,(n)=b,(n)c,(n),b,(n)
N, s Walsh ,c.(n)
N. , m ; .
;s N,=PN, ,P
, M= N./N, |
T ;w(n)
0-2 o
N, 2=ly((p-1)
N+1)y((p-1)N.+2) '“y(ch)]H p=1,2,,P;
M s N,
Y Y=y ((p=1)Ne+(m=1)Ny+ 1)y ((p = 1) N+
(m_l)Nl)+2).“y((p_l)N(:"'mNh)]H’ p
m ) M )
Ym [ylm?yZu" '»yi’m]v m:1927.”5M (2)
(2) ,

2 DPLL  Givens
sw=e 7y,
R
ypmz Z} Aermsrmdr[(p—1)M+m]+wpm (3)
’ w["" P m s S =
[s.,((m=1)Ny+ 1) s, (mN) 1", drip-1yem) Sm
o Z,=diag{z[(p=1)Ne+(m-1)Ny+1],z[(p—-1)N.+
(m-1)N,+217, z[(p—-1)N.+mN,]},
ZIW:ej211/A((1;71)5\‘,+(m—1)\ +J¢Z” m=1.2. N @)
,Z”:diag{ej(zmm} ,
[14]
(4), Yom
R
R.=Ey,.,,)=Zy 2 AL Sy Z,+o I, (5
2 2
y Ty, g, Yom r
,I“\“‘ NbXNb ° Rm
H H
’ Rm:leUmAm Um Z]] s s/)m {+1 )
_l}a ||slm||2:“':llsRmHz:Nlan [IS]Am:
2 2 2 2 2 2
dlag{o-]mA 1N|’+o-w ZmA Nh+a— » 1t ’U-R/HARNI’+O-M. ’a-u ’
- ,(Tj,}o U, Nyx R H, N,x
(Nl)_R) Wn’Hm R
R , Z,
) , DPLL
2.1
Gm:leHm:ZII[hlm 9h2m s Ty hRm] B hmz:[hnn(l) B hrm(z) B
(V)] H, r . Z,=diag
{ej(zw")}, G,,=Zh,,
J(27fan,)
Gmn(mw)=hom(1) e s m=1,2, -, N (6)
DPLL s, r
h,. G, R DPLL

’ H, Hm:[hhmhz,m
hilo
2.2
H, R R
) ,H,
S =81 >Sm s " 5 Skm|
4 Givens
, . Givens

) 2022 48 6 — 59

http://www.chinaaet.com



BI5 5 M %

http://www.chinaaet.com

Communication and Network

1 - 0 0 0 L=2i, (12)
P 3 3 a=2- 2 (13)
0 - cosh, -sin, . - 0 Lo
T — : : . : . (7) 5ll iZ [05 1] 5tnu\
0 - sin@ - cost) - 0 o 2 0 ¢
' ' ’ ' JARS! (10) , =1
0 - 0 0 SR N
,0. . e(0,2m),0<r,n<R. H, , , :
(R_l) Givens T >, Tr5, ,Tro1 .z X(H'l):Xr(t)_ll”ZX*(t)_X(t)l (14)
’ ’Xl(t) o
A oA 3.2
S.=H,T ,,T,;5, " Ty, 8
" 1,2 2.3 R-1,R ( ) (SA_IWOA)
3Su= S s Soms Skl Sw=[Sm(1), Sm(2), 0, S N)]"6 .
§m s Ll @
B 2cos( ) (15)
o=
=2 2 (L, () ~L(m))? (9) T
r=1 n=1
2 « >
N 2 L) : : . :
WG ‘
i=1
S, , V(S.) (16)
. o X, (t+1)=(X"()-X(1))-L (X, ()-X (1)) (16)
’ 9“'” 513 [0’1] ,.Xp( )
: V(S.) : X (1) .
3 b ’
6, (4] 0 S(X, (e+1)) S(X (1))
V(S,) : : ’ ‘ ’
o V(SW) o y
6 e (0,2m) s _SX 1) =f(X (1)
(SA—IWOA ), y=e ? (17)
’ ’B o
3.1 (WOA) 3.3 SA-IWOA
WOA A X=[0,2,60,3, " ,0r_1 .zl , gm
. f(X(t+1)) , n n
» V(S.) , J(X)=V(S.),
M 5<0.5 ,p=0.5 M~ (9), X V(S,). SA-IWOA
X () -LILX" (t)-X(1)! <0.5 1 J. L
Koy |X O-DEX O-XOL,p<0s oo
IX*(1)-X(t)le"cos(2me)+X* (1) ,p = 0.5 B i
1 1 1
't s X (1) ’ (2) Xl:[el.z’92,3""’9}?-1,1\’]’)(2:
X*(t) ;b , & [-1,1] 2 2 2 J J J
,p [0,1] 31 I, s [0,,.0, 5. .0, 1, X=[0, ,,0, 5. ,0,, 4],
L=2(a-1)i, (11) 3) (10) (14) , (7)

60 —www.ChinaAET.com

http://www.chinaaet.com



http://www.chinaaet.com

BG5S M

Givens f‘l,z, fz.s, ,f‘,H,R, (8) S,
SX(@)) 5
(4) (16)
, (7) Givens f‘l,zy]’:zg%»"',f‘[f—l,lh
(8) S, SX,(t+1));
(5) SX@+1)<f(X (1), X(@+1)=X,(t+1); ,
1,e[0,1], (17) y, I
[v,1] L X(+1)=X,(t+1), X(+1)=X(+1),
:B'=0.958;
(6)
Xg, 9’ 9
) (11). (12)  (15) 1.1,
a; (3) o
Xg:[éLZvéZﬁ, o 7éR—I,R]7 (R_])
(R-1)  Givens I;m ,
(8) S
3.4
(2) , M Y,
RM
N, 8)‘:[§r,l 552 §r,,,m "'§r.,M 1,
I<A<R",I<r,r, - ,r,<R,§_ =[§ (1) s  (2)-
SAr,,,m (N]))]HO R RM
, e, (1<S\<R),
£, (n)=¢g, (n)e, ((n+1)modN.,) s
., (W)=¢, (M, ((n+N,)modN,)
,1<n<N(,,1];(n) ,
el ¢, (n),
[19]
7, (n) é, (n),
b, (n)=n, ()¢, (n) (19)
JsnsN,I<A <R,
LSC-DS-CDMA
( LSC-SA -IWOA)
(1) 2 ,
Y,;
(2) ,

G,;
(3)  DPLL . H,;
(4) SA-IWOA , Givens
S,
(5)
4
, , A=A
{(+1,-1}; (Signal

Noise Ratio,SNR) SNR=10lg(c_ /%), 0

; 8§ m ,
N, =64 OVSF ; J=50,
L =400 , B=1,
400 o
4.1 1:
P=100, R=2,
f3=0 . /,=x0.02 . f,=+0.03 . f,=+0.04 s
1 o
l
[
10t
::: - fi=0
R e Al
W07 _ee fi=-0.02
+,f\= 0.03
= fi=-0.03
-+= f£,=0.04
—— fi=-0.04
[ S—— L
=12 -11 10 9 g8 7 -6 5 -4 3 2
SNR/dB
1
1 , |fA| 5 5 |fA|
, , f2=0.
f3=0.02 f4=0.03  f,=0.04 1%
-7.1dB.-5.5dB.-4.8dB.-3.9dB,
DPLL °
4.2 2:
f2=0.02, R=2,
P 50,100 150 s
2 o
2 9 9’ o
P 50,100 150,
) 2022 48 6 — 61

http://www.chinaaet.com



HiESM%

http://www.chinaaet.com

SNR/dB
2
1% -2.5dB.-5.5dB.
-6.9dB, >
, s Givens
SA-IWOA ,
4.3 3:
P=100, /2=0.02,
R 2.3 4
3 o
; 5
—— R=4
107

k

107

-12 -11 -10 -9 -8 7 6 -5 -4 3 -2

3
3 ’ b o
, Givens )
4.4 4
P=100, /2=0.02,
R=2, -9dB SA-IWOA
N (COWA)I

(TWOA)!™!

4 o

4 , SA-TWOA

62 —www.ChinaAET.com

—iG— I\-';"O.-‘\
1.03 —H— CWOA
—B— SAIWDA
1.01
a 1
=099
EE ]
0.98"
0.97
1] 50 100 150 200 250 300 350 400
LA
4
) ) IWOA
COWA o
4.5 5.
4, CWOA IWOA
LSC-CWOA LSC-IWOA ,
LSC-SA-IWOA LSC-CWOA LSC-IWOA | [4]
5 o
—5— LESC-IWOA
8 —%— LSC-CWOA
B LSC-SA-TWOA
—— ik[4]
IO—I L
i
iy
i
B
b4 2
= 0%k
10°E L L L L L L L L
-12 11 -10 -9 8 -7 B -5 -4 -3 2
SNR/dB
5
5 s , LSC-
IWOA , LSC-CWOA , [4]
) ; IWOA
5
LSC-DS-CDMA
; DPLL
; Givens )
SA-IWOA

’

http://www.chinaaet.com



http://www.chinaaet.com

BG5S M

LSC-DS-CDMA ,
[4] , SA-IWOA
IWOA  CWOA.

[1] ANJUM I,SYED A A,RIZVI A A.Independent code division
multiple access in DS-CDMA[J].Wireless Personal Communi—
cations ,2021(8):1-17.

[2] QIU P Y, HUANG Z T,JIANG W L,et al.Blind multiuser
spreading sequences estimation algorithm for the direct—sequ—

ence code division multiple access signals|]].IET Signal

Processing , 2010, 4(5) : 465-478.

[3] , . DS-CDMA
[J]. ,2019,41(7): 1540-
1547.
[4] , , , Givens
DS-CDMA [J]. (
),2017,41(1):67-72.
[5] . , -
CDMA [J]. ,2018,39(10):
52-58.
[6] , , .o
NPLC-DS-CDMA [J].
,2020,42(10) : 2429-2436.
[7] , , , LC-DS-CDMA
[J]. ,2019,41(7):1639-1645.
[8] , , .
DS-CDMA [J]. )

2016,38(7):1788-1793.

[9] ZHAO Z,GU X, QIANG F,et al.Blind estimation of PN
codes in multi—user LSC—DSSS signals[J].Journal of Comm—
unications , 2017, 12(1) : 55-61.

[10] Zhang Tianqi, Dai Shaosheng,Zhang Wei,et al.Blind esti—

( 57T )

tion group services and system aspects ; system architecture
for the 5G system(5GS) ;stage 2(release 17):TS23.501 V17.
1.1[S].2021.

[5] 3GPP.3rd generation partnership project ; technical specifica—
tion group radio access network ; NG-RAN ; architecture desc—
ription(release 16):TS 38.401 V16.6.0[S].2021.

3GPP.3rd generation partnership project ; technical specifica—

[6

—

tion group services and system aspects ; procedures for the 5G
system (5GS) ; stage 2(release 17):TS 23.502 V17.1.0[S].
2021.

[7] 3GPP.3rd generation partnership project ;technical specifica—

—

tion group services and system aspects ; policy and charging

control framework for the 5G system(5GS) ;stage 2(release 17):

mation of the PN sequence in lower SNR DS-SS signals
with residual carrier[]].Digital Signal Processing,2012,22

(1):106-113.
[11] ,
[J]. ,2015,37(7)
1556-1561.
[12] , .
(1. L2019 ,44(4) . 44-47.
[13] , , ,
PN [J]. ,2019,35(10) : 1661 -
1670.
[14] ) FastiCA  DS-CDMA [D].
: ,2019.
[15] . DS-CDMA [D].
,2011.
[16] . [M]. : .
2008.
[17] , .
[]. ,2021,40(1):39-45.
[18] , , .. PN
[J]. ,2020 ,41(6) ; 1509 -
1515.
[19] , , ) ICA LSC-
DS-CDMA (1. (
),2021,41(3): 1-5.
[20] .. 1.
,2018, 13(8):937-942.
( .2021-08-26)
(1997-), ,
(1959-), , ,

TS S GG GO G S S S S S

TS 23.503 V17.1.0[S].2021.

[8] 3GPP.3rd generation partnership project; technical specifi-
cation group services and system aspects; quality of service
(QoS) concept and architecture(release 16):TS 23.107 V16.
0.0[S].2020.

( :2021-10-08)

(1996-), ,
56 o
(1984-), . .

H N o

(1976-), , ,

) 2022 48 6

http://www.chinaaet.com



http://www.chinaaet.com

hRAX 7= BR

ZAEH A, KRBT FE & W EAEER BT (o THA LAY
&, LAZKRT|H @R BETIM. LARFNDATFIZE L. ILh.
FFRATIE S ML, RERTPFERZ, FE—WEFENLE TR
TG AEE A KFERB L,

AEHA, AL LEZRBE T B2 HEE (CNKL). 773K
FHifRS-F 6. F AP SR E (45 ). DOAT. £E (&5 A4&
T8N IST B AFEFARIR M SR B 52038 A LK.

st F ik BB B AT A SRR R LA . AR FAA, KT
PRI —4) ok Bk AT R IE B ARz

R

CRETFRORNHD) Jn
F E TR R REH R A R NPT

http://www.chinaaet.com





