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Group-based DBF-MUD in CDMA mobile communication system
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Abstract; For the CDMA wireless cellular communication system, a new methodology is proposed to
combine digital beamforming (DBF) with multi-user detection (MUD) technology which harnesses the co-
channel interference mitigation and obtains better performance. The proposed approach assigns all the users
Then, only one DBF

branch is employed for a singular group so that the main lobe is steered to the desired users in the group and

within a cell into separated groups according to their direction of arrival (DOA).

nulls are directed to the mobile stations in other group. Furthermore, inter-group interference is degraded
by MUD following the DBF. The new strategy simplifies the weight vector calculation and solves the

unorthogonal channel problem. Additionally, it decreases the bit error rate. The analysis and simulation

illustrate the fruits of the new mechanism.
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system; group

£ CDMA Jo£&3 15 R 4c b A 40065 1 1E 28
PeLTER AR . BN PR H BRRT £
PSRN " AU 22 PR T (MUD) $ AR K
D] e FEAR K . 07 i R A 1 (DBE) 45 AR F HIAS
[l {55 25 ) 0 3¢ Pk, DA 28 30 B2 A7 IR) 38 T 4 0
WY fE TR, 7] LU DBF 5 MUD 4 R 45
Aok s s BURIAS SE A Ab B, S22 P A

Y is B H8:2011-12-01

E£WHE . ERHARREEE I H (2011BB2046)

EER A Q977 B E R R
(E-mail) haoz@ cqu. edu. cn,

SCHRLS-7 i 4 3 F 2 41 19 7 i DBF-G-MUD, %
J5 U E et A P EAT DBE, SR 5 42 DBF fi 4%
FRBUE A P AT 204l . BARIZ T 2D 1 4140 )
EHA . ABAEERHE AR, 2 TENH
FUR M —A~ DBF 3B, 76 FH P 8ot B8R B T FE R
IR, A R TR, & d T DBF
5 MUD Sk H fii #2886 07 50, Jo ik i ik DBF [ 5

Bl Pz, 4, BN Te L E AR SE 5 A BE 7 M AF5T . (Tel) 13608308542



http://gks.cqu.edu.cn

130 TR K F FIHR % 35 %
BRoS. MEZAH AT AR A B P EE M IE mutn] W, REH 2 T H T i B DOA {H 6.5

SRR TR L A T S5 2 AN SRl TR
BT 22 AR 1 43 W 2 L T o 7E N R O T
155 A A W TR0 T DBF HEfig; — 2
H1 T DOA 1% 2 177 76 . 146 F P 1R 45 55 3
“FE WA L 5 DBF 524, itk 1k
55, 07 LR 4R 4L 3E4T DBF (1) G-DBE-MUD J7
e LU P T — A DBF % 8 4 % B DBF 4 i
FLE I MUD., 41 AP 105 5. 53 41
ESY AW 1 7 2 R T4 T 4 B 0 DOA 5
TR 7 1 S 03 8y 0 A

1 REGEE

& — /N WA 1AM H CDMA R4 L
Frok s . 76 S 45 /N DX N B9 44 P 0 I5E — 1 B
— i PN RS bR 41, 5 il 2 Wi s £ ] M T Y
PR LI M oc 1) BE O b E i . A AR IX
o, H—05 5 53 T WA DOA A AR,
i R M9 AR 5 R

I
() = D peDsa, +no), (1
i=1

Hobe pi S50 ¢ AP S BYSREE . b K 55 D R AAE
ERAEBRE s¢ (DRSS ¢ AT PN #8545 RT3 5
si B AP AR BHRRAT 5 s n (o) B 51 i i 24
WerR % B P (9 DOA 4 0, % 2 /9 75 [ 2K 4

a;
eﬂ“(MTil ) cos 6;
a, = eee y (2)
e*}n ( ?77\/1) cos 0,

DBF (1) #2548 — D e AR & 38 1 i
BORF & FHAES . X T A M &b
Iy R

argminw!'x subject to wla, = 1, 3)
iR FE K, DBF X B A8 e A AR o
w, = .R'a,, 4)
Hrp
4=t )

a'R 'a,
HTEBE S 28 R Ed K ~F
R PS4k 31, P
R= L xx", 6)
VK
B X R

X =[x x(K) ', D)

Al Ll R (2) L GO FHE H R (4,
AZ% & DBF fi4r 4, — A R/ BE# T W MUD
B G 5 P B S A (S S A &

1
y= > pci(Ds +nD), (8)
i—=1

et 22 FH P BK A 6 D 2 38 R de /N I Al i 220 L 15
& P A5 B A s MM THE s, BP
argmaxP{s =5 | y(1),0 <<t << T}, €D

Hrs=Ls st AR B RCHE S sy Al
. SRR 2 A 52 B A 2% L T HL W
(R iRk RN PSS

2 ET54AM G-DBF-MUD B ik

it DBF [/ MUD #0456 89 7 X6 58 LA W,
— Rt AR, — Rl JE DBF. ARG 4r 4 L 1
17 MUD, X} F 25 (B AH SR 1 24 F P ok T
RG24 BUR & FF N BE 35 230 ] P i 850 R
AR e 4y 4, )5 DBF Al MUD 4 )5 =X, 7] LA
SO RAR GE T kB R G A Qs 1 R

e PO ] ) LA,
A 0 1 |w0 :
RE AR
cxmunan P memsmraem [T} L amrm
| [ w0

B 1 G-DBF-MUD &ik4#

2.1 SHFZE

ARG X BEIE S5 B DOA fliit 4558 I 4
P MEER 6.G=1,--.1), T2 325 [\
B2 AP T B T B BT S
MUSIC 8 R Hople o 80k nl DLk 31 20k
FHA MUSIC 8k 1) %5 (8] 3 2k 000

a'(Dald)

a" (O FF"a(®)

Hoy F 55 125 ), a] LUd o %) B 07 22 568 9 R
PEATHRAE 3 A 2 . 5 F— D ANE S BA 2460
ZARen . X 2R EM T E 5. /£ 21T DOA i3t
LR A T B O 25 RE [ R SR I F U Sk
FTEAHT Bisb B

P = , (10>

R +R
2 b
o RYFTR 53 53] S i 16 A1 1) - 98 B I

R = 1D




http://gks.cqu.edu.cn

% 6 w

#.% . CDMA # #1813 2 %P L T4 4149 DBF-MUD 131

A 000 B 15 2 ) £ T —
W LE PS5 40— 4. o TR )
P e 6 T

A9 — 2sin (0. 891 ﬁ), (12)
O SEER A B R
L0 AR RN L1807 >0, > -

=>0,>>0°;

552 40 R4 =8 (1D o158 R 5 R 26y 1 B2 1)

B3 IEAENMNT L0 0+FAD XA P~
SR 1A B E L AP

AL ARAEN T [0ier O0a TA0 XA Y
HPahg gt A, REas L NP, H,
A=L,++L,,g=1,2,;

W5 EENATH AL BB A T/
I3 2 5E R W — 30 G A4 B P RO )
L,og=1,2,.G, 9 H I=L,+++Lg.
2.2 MERENITERE

ST ERBE AR G AHEVE N G AT
DBF 3%, B A S B - A — AR . TN
BRI E SN - A RS
] ] R R X ME AL P LT L, 5B g AR
O A 0, R RIS 0 SR 1

1
0, = » 29 (13)

Horb 0, AL T ¢ 09 L, ANMEE. [FAEAR I
B ) 3R UE W R A e AR B W5 o 2 AR B
R'a,

Ve = a'R 'a,’

Horb a, Sz g vt R R R T ) AR R T B O 25

JE R 2 a2 OO A TR 3. R AR B AT
FOR AN, 58 W4 > S DBE , Hof

v, = wix,g =1,2,-,G, (15

IR BRI T EMNAE S DOA it

22 [a) L (5 3 3% A5 5 DOA Al 115 22 18 & 75 2L

PEAT A B, DT B I RS A e . X A T B N

HE g TS Ty AL 10 55 0 v RE L 0 2 B 9 L S

ARGS o A D0 A 25 LA BT 2007 9% o R X AR B8 B

W 2

(14

R, =R+, (16)
Horp I g LR A O SR T HLAE
A = std(diag(R)), (a7

Horp . diag M FERIX A ICE s std Ronbrifides.

2.3 MUD LM A%

XF T EEAS S 4 AT MUD, i MUD Yy
WAGS v T AEE L, D PGS HAbH]
FUE S BT DBE [4E Al DLk Tl S5 /N 11 W 7
Zmg A, P, MUD 523 325 0T DLk £ 52 44 5 5%
AN R AR DG B T BT PR A L.

T g Ay, B8 HE AT T R . AP
MUD ™4 L, ™R P A PN A%, 405018y, #17
FHOGB 5, |

2, = QPSA"w' +n, a8
Hoh BRI 0 1 T IR RSN T 2
HNJT P PN A OCRE M. LQ ], W HHE @ 47 5 514
JCER A RN 7 R R L P N
FH PRS- D) 30 il 0 X F B, S S 2 JH P A5 R
B R 181 X R B

rol, =J (e (1 des (19)
A= [af ai 1, (20)
P = diag (pf ) 21
S = diag(sf - s§), 22)

I JE R AR A OB AF 5 Atk T ¥R 58 IR

4 MUD
s, = sign(Q7'z,)., (23)

AR T E3 AT T S0 AH T 50 IR AT T AT AR &
MUD, fig AH 5 58 2k 52 B 5 1] B0, T |y T4 9 P 2K
WAL K OR Rl HE M T A Y .
3 MHEESM

1efl ¢ DBF-G-MUD J5 ¥, &4 7 — A4
DBF 3 B IAGR F L 575 8 1> DBF B, 7E ]/
e TRCORES, R 2 AR R IR, W Bk B T4
1 G-DBF-MUD J5#:, — @ ] P — > DBF X %,
N8 G R . BNz 5 5 o#r
AR ATHE G MUK E, B G W INAUCK L,

W e 75 iz B 2 0 D

(I—G)2M? + 6M) , (24)
JIRE =N )

20l —G) (M — 1), (25)

B 5 — DA T 7k T A F 7L
BL o PR A A 4L P A T R — A BRI A T
XA AL BB - BIEE DOA A3t Az i 22 K
BRI RENS BT 1 B AR T A 2 B A F A

IR i DBF . AT 15 2 1A 2 .
B FR—ADHANL ST ZAES . AT MUD ##
Bt 5 A e Bl ok SINR, B3 7E 2K B /N X 3



http://gks.cqu.edu.cn

132 K K #F

BT P e —H BA LA P

I HE 2R hy
P, = (é‘%) . (26)
CHT NS L PIERCE N L VR

XTI 09— S0P SINR

1
— - r
SINR,,, Z]) Tl @D

A DBFE (] 59 4 565 2 3 B AR AR
V{ET%iﬂ:ﬂt;ﬁﬁ I H.4r 41 )5 # + DBF #7241
SN TR 5 . & 4 MUD {02 40N T 40 P 52
Wi o YL A5 5 A BE HE B A o DA TIT FAEAER 1 2 30 250 1z ™ X6F
E IR AL

4 HEDH

15 AR B BE 0l R 12 AR IT 3 A1 L B L B G (]
PR R KN AA 8 AL & H P
SNR ¥l 20 dB, A~ % &£ 1 1;.73» 5B A b
AE 9 R 56°.61°.64°,116°,121°,124°,88°,92°,
& P s ad 64 {1y Walsh r“ﬁlJT}“bFﬁ

4R FH MUSIC 55 5k XF B 51 #2 W A5 5 #F 47
DOA i, 4%k K=100,15%5] I=8 MM JEHE A .

2R 2 pros . SR JE S AR HE L (12) T 45 3 9 R
FE R AO=8.5° % RS 2 1% 43 20 J7 % AR B 4 1%
BLANER 1 s, BV P B3t aroh G=3,

501
40
m 30
T
?{:.;520—
Y 1ot
\/
"/ N
V
-20
30 60 90 120 150 180
Beik 7 Tl
B 2 MUSIC i = 8 i B
®1 HtAERSEA
il
12 3 4 5 6 7 8
i
o4 11 1 2 2 2 3 3

DOA(®) 56 61 64 116 121 124 88 92

SEMH P G il a0 (3D QD 3HE 3 A4

SCHER R AAUR B JESE M DBE . 3R 2 Bk Y
58 DBF-G-MUD 7EAL % 85K fift i ) 3158 5 23 #r

x2 BEAENTHEELE

KRS ERES T Th VAN i is A /K
DBF-G-MUD 2 880 2 288
G-DBF-MUD 1 080 858

B3 O 3 T X 0 B e 8 O 1) B L e
TR P T AL E . B DBE (Y 32 X i 1% 4
R T2 B R AL WA .l T B R A
TP B R T AT A AR B v R A B AR
f k.

-7 i
L - =
-10 ——%3@ /\ oo f\l..‘/{\\/." /\\ —

1
S
=
T T

W I 1) El/dB
i
.

e Y N N
by
]
_—<.
=z
=

k:

|

[V

T
M —
=~

|
[=)
=]

30 60 90 120 150 180
ek TJr i

B3 BRHEAPWMKERAEE

%1~ DBF 32 #% i th 15 5 43 5 47 0F 5% 04 fi A
K MUD, I B R E RS s . B4 HAHCH
AR A R {7 M ttTE’\Jweﬁ%Z&:HHéizElo A LLE
DBF-G-MUD 1 % 2 1 fig i1 £k 5§ G-DBF-MUD 4
WAL, HG RS AR /N TALE AT MUD A6 I i 1 152
b2 i Al WL, ok ) )5 35 G-DBE-MUD 5 & &
DBF-G-MUD #f Lt , 7E iR i R M g Lt S AR /N, fH 52
BRAE BE 20 KRB

04y
——DBF-G-MUD
——G-DBF-MUD
0.3 e MUD
¥
& 0.2
S

4 TEEREZGTAREENIREE



http://gks.cqu.edu.cn

% 64 -

%, % .CDMA # 3 i@

15 2% ¥ & T 4404 DBF-MUD

133

5 & &

BT 40y DBE 45 G fif AH 5C 22 1T P A D ) 5
% G-DBF-MUD, i X} {£ % DBF-G-MUD J; ¥ 52 8
I 2% I ROR AR T 158 A 2R PR e A2 B T B B . [
W B B BE A A Ik T CDMA &R 49 “ it 1 %L
Wi LA KR s (R 9E T 28 M 7 A2 19 DBF [ A Bl

S 23K

[ 1] ANGELOSANTE D, GIANNAKIS G B,
SIDIROPOULOS N D. Estimating multiple frequency-
hopping signal parameters via sparse linear regression
[J]. IEEE Transactions on Signal Processing, 2010,
58(10): 5044-5056.

[ 2] ZARIFI K, GHRAYEB A, AFFES S. Distributed
beamforming for wireless sensor networks with
improved graph connectivity and energy efficiency [J].
IEEE Transactions on Signal Processing, 2010, 58(3):
1904-1921.

[ 3 ] SULEESATHIRA R, JINDAPUN J.
adaptive antenna array and RAKE receiver [ C ]/

Proceedings of the 2006 IEEE Tenth International

Combined

Symposium on Consumer Electronics, June 29-July 1,
2006. St. Petersburg, Russia: IEEE, 2006. 1-5.
[ 4] MUNDARATH J, KOTECHA J. Optimal receive
array beamforming for non-collaborative MIMO space
division multiple access [J]. IEEE Transactions on
Communications, 2010, 58(1). 218-227.
[ 5] PELLETIER B, CHAMPAGNE B.

space-time multiuser detection with user sharing [J].

Group-based

IEEE Transactions on Wireless Communication, 2007,
6(6): 2034-2039.

[ 6 ] PELLETIER B, CHAMPAGNE B. Multistage MMSE
PIC space-time receiver with non-mutually exclusive
grouping [ J]. IEEE Transactions
Technology. 2008, 57(4): 2070-2080.

[77L1] Q. LETAIEF K B, CAO Z G. A group oriented

on Vehicular

multiuser detection with beamforming for multicarrier
CDMA systems [ C]/Proceedings of the IEEE Global
Nov. 25-29, 2001,
San Antonio, TX, USA. IEEE, 2001, 2. 733-737.

Telecommunications Conference,

[ 8] MAR J, KUO C C, WU S R. Implementation of the
the SDR DBF of

robust null extension for two-

dimensional array antennal C]/Proceedings of the 2010
International ~ Conference Electronic  Devices.,
Systems and Applications (ICEDSA), April 11-14,
2010. Kuala Lumpur., Malaysia: IEEE, 2010. 26-30.

VARDHAN K V, MOHAMMED S K,

CHOCKALINGAM A, et al. A low-complexity

on

L9]

detector for large MIMO systems and multicarrier
CDMA systems [J]. IEEE Journal on Selected Areas in
Communications, 2008, 26(3) . 473-485.

SCHMIDT R O. Multiple emitter location and signal
parameter estimation [ J]. IEEE Transactions
Antennas and Propagation, 1986, 34(3): 276-280.
RAMESHWAR K. Performance of different types of

[10]

on

[11]
array structures based on multiple signal classification
(MUSIC) algorithm [ C]/Proceedings of the 2009 Fifth
International Conference on MEMS, NANO,
Smart Systems (ICMENS), Dec. 28-30, 2009. Dubai,
United Arab Emirates: IEEE, 2009. 159-161.

JALALI M, MOGHADDASI M N, HABIBZADEH
A. Comparing accuracy for ML, MUSIC, ROOT-
MUSIC and spatially for 2
users [ C]/ Proceedings of the 2009 Mediterrannean
Nov. 15-17, 2009,
IEEE. 2009.

and

[12]

smoothed  algorithms

Microwave Symposium ( MMS),

Tangiers. The Kingdom of Morocco:
1-5.

[13] VAN TREES H L. Optimum array processing: part IV

of detection, estimation, and modulation theory [ M.

New York: John Wiley &. Sons Inc. , 2002; 46-48.

[14] LIU W L, DING S X. An efficient method to determine

the diagonal loading factor using the constant modulus

feature [ J]. TEEE Transactions on Signal Processing,

2008, 56(12): 6102-6106.

[15] PHAM T T, NGUYEN H H. Decorrelate-and-forward
relaying scheme for multiuser wireless code division
multiple access networks [J]. TET Communications,
2010, 4(4). 443-451.

mE & #



