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Abstract: It is shown that the Multi-Address Interference (MAI) can be effectively reduced when Double
Waveforms (DW) are used with chip code in the asynchronous DS-CDMA system. A novel method to reduce the
MALI based on Waveform Sets (WS) is proposed. For any number of users, each user can choose single waveform
from the WS that can be designed with only two or three kinds of seven conventional waveforms, and can obtain
better Signal to Interference plus Noise Ratio (SINR) and Bit Error Rate (BER) performance than DW method.
The analytical expression of SINR at the output of each correlation receiver for the proposed method is given.
Besides, the BER by Improved Gaussian Approximation (IGA) over an additive white Gaussian noise channel is
derived. Relative to the existing DW method, it is shown that the proposed method can further improve the SINR
and BER performance through theoretical analysis and simulation results. The overlap between simulation curves
and theoretical BER curves with IGA proves that the accuracy of BER with IGA outweighs BER with Gaussian
approximation (GA).

Key words: Asynchronous DS-CDMA; Waveform Sets (WS); Signal-to-Interference-plus-Noise Ratio (SINR);

Improved Gaussian Approximation (IGA); Bit Error Rate (BER)

1 58§

CDMA HARE CAPis TRZ4FE, {HiE,
CDMA H ARG R . ZHAErE. REELF iE
1RRE SRR A, R4 A A A A
. Ak, BEE WG RE, 25 ) I e R f PR B
Hai & 2%, CDMA S Z U Fdt 21088 ) i S5

AR H 9 2016-10-12; &A1 H 1= 2017-01-115 M5 H AR 2017-03-07
*EEEE: 25 xinxishe@126.com

FETH: ER AR 54 (61271263)

Foundation Item: The National Natural Science Foundation of
China (61271263)

A AL EERMAT S A 1T, NIRRT T
rERE, MmN HTF2MEGESE. B, CDMA
¥ OFDM 4i&e ki) OFDM-CDMA $ARM,
CDMA il MIMO #i&i#k MIMO-CDMA #;
ABA, Z &I (MC)F CDMA 54 K1 MC-
CDMA H AP,

1EF % 52FR I DS-CDMA &4, —ANEE[
VAN $8 b ol 2 AH OC 2 WL e o 10 AE T L
(SINR)™, 7E 3t DS-CDMA R4, H /it
W5 T kAL 5 SRS . /AN Iy s
SRR chip BTGB ST FI65 T s AT 2 o
SCHR[8, 9] B, RN AH T L i 1Y) SINR, HY



1682 mr 5 E A %W

% 39 %

Y TP BT H R chip MITHIE. K, £
DS-CDMA R4, #4UF51KH 17 BEHLT 41101,
MR HBENUF AR, 23 SINR AR T chip 15
TG IE o SCHR[12)F5 i, 7RIS i W 7 Bhigoe
AAXSF chip Mo R HH A —3 B )71, chip
Bi5h 70K FH 5 ol gl F (DW)) I, BE AT 25800 AT S 26
DS-CDMA R M2 HET4HE(MAL), I Bk {5 5
g5 W T RS AH T O L i 1Y) SINR A& 48 BER
PERER B AE B AL S, g, (1) R g, (1) o AHXT T
MR DW BARZ 0TI 7k, ASCHH T —
Pl L T E AR (WS) I BTk B A 22 Bk T3 108 7
o AT DW Jridkut, ATk A -
TSR W WS s — B R aT gk— 0 4
LT SINR Al BER PERE. 7E40B ik 5HA
DW JyiELLEgy, #BELL DW 7 vk o s )
g, (1) F g, (t) H1A 1 SINR Al BER M:figh bk
e ARICESL W T A AT A R B — 3 e
RENZ TP IR, SRJGHES Y aT iR
ANFEPIEH ) SINR PHE AR, Fdk— 2w H
T DW HETERERT WS. f o #E S 45 H oot by
IERLIGA) T iEA - B H IR WS A A B
F1 ) BER 5 2.

2 RIGIEA

A4 4 DS-CDMA RGP ANF P chip
1 TC R H B — AR TE N Z 8 TR . BoE —
e DS-CDMA 24, LK AP, EH T K
PR TE, 0N g, (t), 9, (1), g5 (8) » {HIEFEALE
g, ()= g, (t) » BUAFLEAS R FH A% R — B
chip TG TERIN A BN T, . A TR uEMERE R 48
— b, EORAEE Ik, RIS AT R &
A&ﬁ/gk(t ﬁfxgv (tdt="T,.

BN RS ThE N P, AR S,
T, RAWBEHLY BUPIED N» REMEBCR ]

— N BT A, W T=NT, . kN ER
T~ U0, T, BOEIER [, S W
O ~ U[O 2 o WIRSHE T RoR N

K 00

Z Z \/ﬁbk sk(t—iT—Tk)

h=1 d=—o0

-cos(2mfit + ¢, )+ n(t) (1)

b, b, (d) RS kAP RS d ADNBEVUE IR, n(t)
HBHE R 0 J5 20 ng /2 BOINEAR 1 f r E
s, (1) BN kN PRy 5iES, o e A
F ) chip ﬁ%ﬁ;ﬁ}ﬂ EI’J/BZﬂE/jJ g, (), W

s (t) = Zsk )\T) (2)

Hp, s (N) BosE & ANH P IR - 567 410 v 2
AMNFAIME, Hos, (A) 7E {=1,1} HBENL AT

YT ARG WK E, B TRRBEALE, W
T kAN P ES 0 AME TR b, (0) B RS 21
BURIRT o O T THES AR —MehE, B e A
M =0, ¢,=0.

R ES kNP 0 AMB IR, oAz
IR BEALE A

Z, = fOTy(t)s,C (t)cos(2ﬁfct)dt

P P K
:\/:bk 0)T + \g > L, +N, (3)
i=1,i=k

e, 1= [1( 1) By (7;) + b, (0) Rus (Ti)]cosgoﬁéﬂ?
kM 5 M PR ST R, () —
fOTsk (t)s; (t+T— T)dt ,Em(T)ZfTSk ()s(t —7)dt
H T BHEE, 4 Ru(r) = B 05 Ry(r) = Ru(7) «
Vo= [} 00, @)cos(znfr)dr, BN, ~ N[00

TEMGE S A BN T, ZaE T4
HER BB EAE . I TET W, #%
Wiﬁﬁﬁ’wﬁzﬁ/ﬁﬂ Sk T8 H I SINR F1 BER PERE
HER
3 % DS-CDMA ZAFZTHEAARREKE
FﬁﬂmMﬂNRE E5 WS Bigit
3.1 RATEEF B FHHR SINR HE AR
M (3) AT AR 56 k AN g, () T
H U1 055 T EL U0 SINR,, = [E(2,)] /var(2,).
var (o) F R IR (1177 % .
Z,)=JP/2 b, (0)T (4)

f EgA Rk i( )}d (5)
/‘\l—lT/TCJ QQTTEX%I, r=71—IT,, N
}_Ek(r):ffsk (t)s,(t—7)dt

N-I-1

=hi(r )Z

Jj=0
)

") s (s G+i+1)  (6)

7=0

f g, (1) g t—l—T—r) t, Ezw'(r):

lﬁ%@mt—ﬂwo,ﬁmm=ﬁﬂﬂ,EMﬂ=

ok (r) BTG o U E 2K (6) 17 i 7
Nhi(r), 1=0

He

Elairﬁii[uﬁﬁiu

var I,“

v (98 (G +10)

Wb,y (r

E, [Ri(r)]= (7)

)



57 FRELR G — P TSR BT (K B AP DS-CDMA R G8 2 hEF R0 7 v 1683
[F) B R] LAAS £ T AE R R A2 WY e 3 1) H A OB . T 2R H]
_ Nhi(r), 1=0 WS I, KHBTE g, (1) H P B DA FRE A
Eﬁﬂﬂzo HE ®) 1 oo o 1 & 2

’ B Fk:2T_3f70JGk () [ﬁ SOG G |df (14)

¥ (7) RE@)AAX(5) T3 ¢ . =ik
]_ v — — 1 . — A ok
var (I,”) = ?j;T N?hi(r)hi(r)dr £\ (f)|2 = ﬁy’:%;kwi (Jf)|2 TR g (t) IR
—%th@ﬁ@mr (9) i, WA TRIE g, () AR K -1 THH )

TC_ 7 N, N,

K
T
var(Zk)::%;]VTf S I;JA%Z%i—

i=li=k
— (k- Enprr L (10)
2 ¢ 4
1 & " .
E¢,I%=}—Iz:ﬂﬂowﬁk4%F%ﬁﬁ
T Li=li=k
Ui SINR ik
B o) ko1
SINR, = =|=t| +——1" (11)
V&I‘(Zk) 7 N

ML) AT BLE Y, S B K A5 28 N
—EW, B EANHSISINR, LT T . X
SINR,, (S T, ] LUgE— 20 4 S R4 4T,
CIES;

s K
:ﬁﬁf;RAﬁ{Elqggjuﬁ>w (12)
Horb, XMEB 9, (1), G, (f) = fft{g, (1)}, R, (if)
= |G, G )| RARWI g, (1) BOREREE . AR (12) 7T L
EFH, IPRRAMESEHPSERM K 1AM
TR Z HE T4 ] LRI K — 1 AT PR
2P BT IR E S — A K g () HEIE,
JFHA

o 1 & .
Ruﬂ—}tlg;&Uﬂ (13)
A (13) VL, /g (t) MREREIG & K — 1 MHIERER
RGO
3.2 WS F&{K MAI B RT{T IS4
HEZ PR —WIE g(t) , WEREASH T

@%ﬁﬁfzﬁszWUﬁwoﬁﬁﬂmvw,ﬁ
Y 4 . N 1 50 )
MNMH PR D EER RN F:ﬁfm‘(w1 )

HoL ()2 a7 o AiRFP RABEIER DW,

SO R I T g (¢) s —Z0EH . B I H
TR g, () 5 g(t) REREISHIEAIAE. EIIERERE—
SEI, M TR B RE RS E A DS T AR,
3 (14) Th R R e % BAH G T B & A i),
KT H SR A G 10 B A T DRtk . 1 HL,
K1) F g, (1) H g ) e EZRITHED, WiREA
13 HAHSAER T BE/ I

Bl 1 RoRIE 7 MBI RE RIS . AT LU,
g6 (1) Ml g, () HHAR 5 MPIBIRERIEAFAEAZ X,
DRI, Ak R FE AR e T N A% A2 g, (1) 5] g, (1) FHIL
A 5 P IS5 o SCHIR[12] (3R 3 FIAIESE T IX—45
e, SCER[12]H IR 3 R, H gg (1) B g, (1) IR
5 Pl IO AL 3L T (B ks
3.3 WS B4

HTAEF A, RS ROCER[12)F 1 7 Rk
W, HH 7R EAEAR SR g, (t) ~ g, (1) RN
B, TR BN S 22 DS-
CDMA 1), 3 SINR 1 BER 1 fE H BU T30,
HH RERAAEAN A A8 F [F)— BB S O, DAL,
TESEI A T 5, LS B8 A Rl oy b, L5
BLLLIAE AN [ Y 7 2Z 18] 1) SINR A1 BER 14 fig
BRI X 7 P R o e, SCHk[12]45
DW 7k R, M g, (t) Bl g, (¢) MPIEAL A RELE ST
# DS-CDMA R4 654 H P £l i) SINR A1 BER
PEAEIA R, EXH, 4A5H WS Bt s,
FHER K (K > 2) N7, 8 H P WS ik
B, AU DL hE TR T SINR F1 BER
PERE. T SINR, &IFRXA0)SHY, ik,
WEE IFAE MR SINR fetrEESH. * T

250 a(® T p(?)
!ls(t)
9(t)
g:(1)

A RO
-8 —4 0 4 8

K17 B E S RS



1684 mr 5 E A %W

%39 %

SR AEAL L g, (£) B g, () B, BN H T M
Yo 0.1705. BRI, Ttk WS, ZERAT
WS FHEREE o MEEH I TfE T < 0.1705 6

T ATE W g, (1) Fl g, (t), 2 Ig, (),

1 * y /Ah
90 (=g [ B GV R, () 4f BRA Y
B0 LA, T
. 1 4
g DORLELCACIAL)
+(a, = 1) I (g, (1), 9, (1) (15)

o, a, R MBI g, (1) BN g R
FEF BB RIZEEL, H g < K Ll (15) AT BLA H,
HEAAHEEE AN Tt <0.1705 , € G
(K1 B A AE PO g, (8) R g, (8) B4 I (g,, (1),
g, (1)) <0.1705 « ZFCHER[12]T IR 3 Wox, Ik
(g, (), g7 (1)) = 0.1705 {5 /N [ 9 B 20 & ¥ 72 th
g6 (1) T g, (1) A4 5 PR MLLE
() g, () BB WS #il: WP IRK
A, RIS g, ) Fl g, (t) « B KA
PR g, () B P AN o, WERH g, (8) 1)
ﬁHF/I\%UJK—aw KW g, () KR P 07 A
KH g, (t) ﬁHF [y N A

It = K [( 1) <97 (), 97 ( >
—a;) I 0.1705
1 ) 5 0] < (16)
= HKK—% —1)F<gv (t),9, (1)
+a,I' (g, (t), 9, (1))] < 0.1705

JUART T VA )5 R m 45
(I'(g; (1),9, (t)) — 0.1705)"
> 0.0278(I"(g, (). g, (1)) — 0.1705) (17)

SR IR, A g, (1) Mg, (1) WL ZR, BIdH
) WS FEpiEr, g3 {g (1), 9, ()} AT {g, (1),
97 (t)} °
()BT g () VB WS #il: TR KA
s RHEMPEIEERN g, (6) Fgg (1) » R K N
JURSRH g (t) BIH A a , WK g, (2) I
NN K —ag» WERHBEIE g (1) F 0 18 FIZR
FH g, (t) F P B T A 8% 2
6 1

I = ——(ay ~1)I"{g (1).95 (1)
K —ag)I{gs(t),q, 0.1705
+(1 ag) I (g5 (1), 9, (1))] < (18)
I = - [(K —a; =) I {g, (1).9, (1)

+agT (g6 (1), 9, (1))] < 0.1705

Q}‘:J\_*ﬁﬁ%lﬁ Tfﬁ‘/\ﬁ 9 (t) /Vﬁ/@ﬁ‘;‘k EI‘I]XT:J:@
g5 (1) M1 F WS AL—Fl, Bl {g, (1), 96 ()} -
(3)EL T g (1) Ml g, (1) W —=3TE WS Wil RiX

KM KR g, () BT A a, » KH g6 (1) 1
WA ag, WRM g () B H P ASEh
K—a —ag, W, r°F kR4

" =——|(a, =) {g,(®).9, ()
+ aGF <g6 (t)’gv (t)> =+ (K
I'(g; (t),g, (1))] < 0.1705
(0~ 1) T gy (1,95 1)
+a,(g5(t),9, (1)) + (K —a, — a5) (19)

I'{gg(t),9; (1))] < 0.1705

I'{g; (t),g, ()
(K —a, —a5 —1)

—a, 70‘6)

I =

7_ 1 [a
K—l v
+agl (g5 (), g, (1)) +
I'(g-(t),g; (t))] < 0.1705

AL G EERUE I, N TAEE K > 30, i
H g, (8) ~ g5 ()5 PR BRI g, (1) » BRI LA
W HBEIEME g, (1), g6 (1) Bl gy (£) 3 Pk A4 ik
1) WS, JFH KAAEBOK, Wik R 2 28K WS
BEZ . TR WS wil, HFEERE AL
20 SR A R N () B i R AT

4 5% DS-CDMA ZZrhiid
#7589 BER
(1) 2 HBOE 48 DS-CDMA R4t

FTE AR A & AN RS 2 5

P¢ = Q({/SINR,) (20)

A AL (GA) 7 25 1 AU £ e L TR T LA v Af

ik 55 DS-CDMA R0 % A, H 2R

TR LN, o A B 7 VR 5 ) s e e 2 Uk

AAIAAER . PG, AN ST s T BL (TG A)

TZRE R INERREE AR, 2 W=b, (—1)

Ry, (T1> +0 (O)le ( ,) )

Zk_(bk T+\FZ W, cosp, + N, (21)
i=1,1=k

Hrpy, 1 [P 22i:1,z¢kWi cos ; RKNZHETHLMAL .
P = Var(MAI|rZ-,gpi,|B|>

SHAET

K
— 5 > (L+cos2g;)var (W, |1, 0, | Bl)
i=li=k

= i L (22)

i=1i=k



BT

LIE IR

— MR T ROB R RGP DS-CDMA R4 2 hET- 308 7% 1685

o, n RORE N RIBENUER, o AN
BEHULAHES, | B| hSCmR([12)45 A 135
L = §<1 + cos 2g0i)var<Wz- I, ¢,|B|,|D|) (23)
IGA FI¥ BER £i& N
2 . o\ V2
p =g vaer )
1 . 12
+EQ({7 +2(p+30)/(PT)] )

+ %Q (Wl +2(p—5o) /(P T2>]71/2) (24)

e, B, =rpPT, Hoy=2E, fng . p Mo 7 4 B
brHEZE A u:E(q/J):Z;#kE(Li) , E(y?)=

Ziliisz:1,j¢kE L E(Lj)7U: E(’wQ)_MQ °
e, DU E SRR W, dEmsRH e Flo .

Blo=|r/T.| %R T, r=7 —IT , Kk,

Bl=1, r=r. N

o~

R :i‘sz ]—l)[sk( )i (r) 45, (G + 1) by y(r )]

45, (N =1—1)8, (N —1) hwi(r) (25)
R (T)=5;(N—1-1)s, (O)hk,i<7”)

-1

58 G¥—0fs )

=0
+ 5, (5 +1) hlm(T)] (26)
é\
F,j = b1 (0)51 (]_l)sk (])a ]:lvl+1)7N_1 ’
b (=1)s; (N —1—1)s,(0), j=N

Ul
VVz =Fy_ 1Bkt( )+F h’kz( )

+ZF [hm

]eA{fﬁosJSN—1¢sﬂﬁ%U+D
:1,jeB1f%0§j§N—l*8Mﬁ%O+U

)+ 5 ()8 (G + Dby (r)] - (27)

=—1. P=Fy,, Q=Fy. 1l
W, = S F [ha(r) + by (7))
JjeA
+ D F [hwi(r) = by (7))
jeB
+ FN—lﬁkaiOn) + FNhkﬁi( r) (28)
é\X:ZjeA 9 Y:ZjGB ) P= EgN/qla
Q= Fx,» WE(B)=(N-1)/2, B(B)=[NWN

~D)/4- B ay k5

W, = X [l (r) + B ()] Y [Ba(r) = B (1)
+Pflk,i(r)+Qh T)

N E(X)

|A\=N-|B-1, E

E(|B[*) =[N (N

% a,=var(W[|B|.1,), W

—E(Y)=E(P)=E(Q)=0 .
(v*) =181 .

—1)j4. B(PY)

I
=
<
I
[

o = N[Ar) +12,0)

+2(N—1—2|B|)A,i
NP 1
4T

()i (7) (30)

E(L)=— h i )‘i‘hm( )}dr

PT? 1 [Ty )
_Wffﬂ {hk‘f,(r)—khkﬁi(r)}dr (31)

4(N—1) pTs
= fo i (r) by, (r)dr

. L/;)TC fzk,j(r)hkﬁj(r)dr}

5 LR

I FLE B A — eI e g, (1) 5
g6 (1) B g, (1) HAEME WS BIR], X EASFERIEAT;
B
5.1 BT WS 89#i 5755 DW /%87 SINR [£4ELt

L3

1A T AN KAE T8 R 2R 1A
WS ULKAHN G T E, HAd WS FRF SR
WIRIT 5. 32 1 R R o] LUt AHX T DW




1686 mr 5 E A %W

%39 %

BAEA G g, (1) F g, (¢) KUk, KA SRR 3 Fp
WAL, Synr LGSR P 1 T E#H/N T DW
A g, (t) Bl g, () B 1901705 , BIRBALE 5520
DS-CDMA #&iH, A et e T3k WS
(7515, A ULE— D B MAT, JEme s e~ H o
i) SINR ..
5.2 EF WS %45 DS-CDMA 2% IGAFIGA A
75H) BER SXIR{AE &S BRI ELEL
Kl 2(a), Kl 2(b)KIPIREEIZH T AFE WS K2
1 BER F15LF5 BER #1114k . #1128 BER 45 T IGA
A GA FWFh BER #hek, ralich pY fipe. i@
xFEe P PO FISZER BER 4L, SRAESEE S

1 TR K ETRITHREIWSLUR B T &

M HCK (H WS r I Il
(1,6,6) 0.1013  0.1466
3 (1,7,7) 0.0760 0.1372
(1,6,7) 0.0887  0.1407 0.1281
(1,1,6,6,6) 0.1593  0.1466
5 (1,1,7,7,7) 0.1403 0.1372
(1,6,6,6,7) 0.0950  0.1664 0.1541
(1,1,6,6,6,6) 0.1477  0.1557
6 (1,1,7,7,7,7) 0.1275 0.1494
(1,6,7,7,7,7) 0.0811 0.1644  0.1702
100
—= GAFq()H
102 \—\EFMW
gt V e
2100 o g SbRp I .
G v ge()H BRI EL %
1078 e GAFgs(t) AN
-~ IGATF gs( )R A
10—10

0 2 4 6 8 10 12 14
Ey/ N, (dB)
(a) K=3, N=32, WS g1(£)g6(1)gs(1)

He G PP HAG W m i UMERAYE . B 2(a) 25 T H B
K =3, BEHURHIKSE N = 32, R WS 4 (1,6,7)
i P, PO RISERR BER MBLGEXT L B 2(b)4h i
TK=6, N=30,WSX(1,17777) KPI p¢
FSEpr BER FILA X . B 2(a)FIE 2(b) LR
ALV, 72 B K Y855 5K N AN TR
WS A, ASCHES R PT 55208 BER WA
BT PO, XU T ARSI WS ik
DS-CDMA R4 IGA F BER #: S/ IERHE
5.3 52 DS-CDMA R TE T WS A5 DWHY

BER 8 LLER

K3 TR $ K« AR 75K R
N, AF WS 54 DS-CDMA %4 5 %Mk
DW i fhdext th. B 3(a)gh i T H 5
K =3, BEHUPAIKE N = 30, R WS H (1,6,6)
I WS J7 758 DW J5 L () BER HEREXS LE; B 3(b) 25
WTHIP B K =6, N=32, WS 4(1,1,6,6,6,7) i
WS J5i%F1 DW J7i% 1 BER PEREXT L 3(a) Al
3(b) LA LAE tH, EARMPE K, ANFEY 5
BN, ANFEWIEET, WS ik NENIEH
() BER 1AL T DW FH i tE BER T #g.
6 ZEXRIE

e DS-CDMA #4cH4, AR,
XF chip B8 7CHTR H $L R R, DW J732mr BAE—

107! -
—— GA'F g (A
1072 — IGA g (HH P
=107 )

P,
4

3 107 .
%T . g () HH PSRl B N
B0 b o g ()RR N
s L IGA Fg ()" N
- GAFg ()i
1077

0 2 4 6 8 10 12 14
E,/ N, (dB)
(b) E=6, N=30, WS g1(#) 91(1) g2() 9:(#) 92(1) g:(1)

Kl 2 A K F1 N #5280 DS-CDMA RECK AR TEALER 1) IGA F1 GA Ff) BER Xf bt

(PE)

=t

Lo | T Bt
10 —— g (A
—— ge(HH

1078

0 2 4 6 8 10 12 14
Ey/ Ny (dB)
(a) K=3, N=30, WS4 g1(¥) gs(?) go( )

T gt | —— S
- —— W gs()H ;T
107 | —— EIEg (0"
—— g (M,
0 2 4 6 8 10 12 14
Ey/N, (dB)
(b) k=6, N=32, BTV5Eg1(1)91(2) 96(2) 96(t) 96(t) 92(t)

Kl 3 AN K, N ISRHIANE WS 857k 5 et DW PEREXT LE



BT FREAAE: PR T BB B PR DS-CDMA R 2 0k T I3 7 1% 1687

APETH T i I SINR LA & Z 1 TR BER M A . A
SCHR T MR T WS B 0 7 v Sk AL B
DS-CDMA R4 2 4T J53% . AHX TDW I J7
%, SET WS 7 A P T R B )
WSH R — 13 Bt ] LLgE— DB SN T i 2
T M T BB MDW ik, FrriEAsFE
HRH B —P I, i, HiE—PRIAH
FH P 80 (I SINR FIBER ME S o A28 HY T 3
WS, X 3FFWSH 13 T35 42 b 5 B 7 i B H ) 2
Fholi g SF R %, E RGN B RIE ISR, I
ARG R AL A CHES TR TWSTik
(IR RIS FH P o (I SINR A X, JEdE—2
Y5 TIGA AR MIBERMERE . )7 FL 45 HLAIF 52
7 DS-CDMA R 4 i it T WSH i 5V IGA T
BERHMEF M IEME; AHX TDW Ik, 3R il
WS fgE— DT H P B2l L H o (1 SINR
JNBERVERE

& % 3 B

[1]  WANG H F, UENG F B, and CHANG J C. Joint detection
for OFDM-CDMA communications in multipath fading
channels[J]. International Journal of Electronics and
Communications (AEU), 2010, 64(2): 152-162.

[2) JIAO B L, MA M, and LEE W C Y. A combination of
CS-CDMA and OFDM for enhanced LTE on downlink
channel[J]. Journal of Communications and Networks, 2013,
15(1): 8-14. doi: 10.1109/JCN.2013.000004.

[3]  PAN P, ZHANG Y G, SUN Y Q, et al. On the asymptotic
spectral efficiency of uplink MIMO-CDMA systems over
rayleigh fading channels with arbitrary spatial correlation[J].
IEEE Transactions on Vehicular Technology, 2013, 62(2):
679-691. doi: 10.1109/TVT.2012.2227344.

[4 SUN S Y, CHEN H H, and MENG W X. A survey on
complementary-coded MIMO CDMA wireless
communications[J]. IEEE Communications Surveys Tutorials,
2015, 17(1): 52-69.

[6]  WANG H X, YAO Y D, WANG R, et al. Coordinated
jamming and communications in an MC-CDMA system[J].

IEEE Transactions on Aerospace and Electronic Systems,

2015, 51(4): 3151-3160. doi: 10.1109/TAES.2015.140874.

[6]  JASBI F and SO D K C. Hybrid overlay/underlay cognitive
radio network with MC-CDMA[J]. IEEE Transactions on
Vehicular Technology, 2016, 65(4): 2038-2047. doi: 10.1109/
TVT.2015.2417195.

[7]  LUO T, PASUPATHY S, and SOUSA E S. Interference
control and chip waveform Design in Multirate DS-CDMA
Communication Systems|J]. IEEE Transactions on Wireless
Communications, 2002, 1(1): 56-66.

8] WML, BREEGE. Chips BEJEX DS/SSMA ¥4l £ hit REEH)
PERERZI AT 0], AR, 2000, 21(7): 22-27
CAO Y W and CHEN Z Q. Analysis and performance for
DS/ SSMA communication system with different Chips wave
[J]. Journal on Communications, 2000, 21(7): 22-27.

[9) NGUYEN H H. An improved design of chip waveforms for
band-limited DS-CDMA systems|J]. IEEE Transactions on
Vehicular Technology, 2004, 53(5): 1379-1386. doi: 10.1109/
TVT.2004.832381

[10] COTTATELLUCCI L, MULLER R, and DEBBAH M.
Asynchronous CDMA systems with random spreading—Part
I: fundamental limits[J]. IEEE Transactions on Information
Theory, 2010, 56(4): 1477-1497. doi: 10.1109/TIT.2010.
2040890.

[11] CHIEN F T, HWANG H, and KUO C C J. Performance
analysis of multicarrier CDMA systems with frequency
offsets and random spreading under optimum combining[J].
IEEE Transactions on Wireless Communications, 2006, 54(4):
737-747. doi: 10.1109/TCOMM.2006.873094.

[12] NGUYEN H H and SHWEDYK E. Double chip waveforms
for asynchronous DS-CDMA systems with random signature
sequences([J]. IEE Proceedings Communications, 2004, 151(4):
364-374. doi: 10.1049/ip-com:20040524.

SRR Y3, 1955 4R, R, WLARRIN, FEBETOS B
fORFHE SEAR. AFERESRHEEA.

G 9, 1987 4, A, WU RN IARGESS T K
Y5 545 DS-CDMA Hi TR,

R A, 1993 R, Wi, WS RIS S S IS H0R

o355 I LR IR



