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Successive overrelaxation iterative detection algorithm for 3D spatially
correlated massive MIMO channel

WANG Lin, ZHOU Yigang, ZHENG Liming, MAO Yu
(School of Electronics and Information Engineering, Harbin Institute of Technology, Harbin 150001, China)

Abstract: To reduce the complexity of Massive multiple-input multiple-output ( MIMO ) signal detection, the
iterative method is used for signal detection. Based on the implementation of the iterative method with matrix
decomposition, the successive over relaxation algorithm is introduced and the range of relaxation factor is deduced
by determinant calculation. Simultaneously, a three-dimensional spatially correlated channel model is built based on
two-dimension with geometric method and the analytic form solution of spatially correlated channel is introduced by
neglecting the high order. The simulation results show the three-dimensional spatially correlated channel model
aggravates channel correlation and decreases detection performance. Under 8 times iteration and certain bit error
rate, the signal-to-noise ratio of successive over relaxation iteration decreases with the optimal relaxation factor. In a
definite signal-to-noise ratio, bit error rate decreases approximate two orders of magnitude, diversity gain promotes
and detection algorithm performs equally 16 times iteration, which can also decrease computational complexity. The
successive over relaxation detection algorithm can perform better in less iteration and achieve better detection
performance with optimal relaxation factor by considering the signal-to-noise ratio and the complexity.

Keywords: massive mimo; three-dimension spatially correlated channel; detection algorithm; successive over

relaxation iteration; optimal relaxation factor

Massive multiple—input multiple—output ( MIMO)
TELRFA AN R AR TCLA 5 AR 22
—. Massive MIMO & Gt i 45 75 JE il 77 2B AR 1) K
LRI 4] e G5 Al R B e O R R
MIMO HEA A ) F Gtk RE4 T 84K mT 0, {H 5
SRAREE Z BE A A I TR T 2 A A e B SR
R (MLD) ),y U35 b R 3R 35 3 e/, (3
LA R B2 WA A 326 v RO WL A 88 H SR 4R B0 I,

Massive

I, 2017-03-06

E£WH . HRARF#E4(61401120)
EZEEN: £ HR(1990—) 55, Bi-E0F5E A
EIS1EE . A, zhouyg@ hit.edu.cn

HLAE Massive MIMO RSt R A R ILIER. 458
MIMO LRI | i anse A I 53 dRe/ Ny
7R 22 K I B 35 ( Minimum Mean Square  Error,
MMSE) /N 7 i 22 SR AT AR Sk | Rk BE—
ERERE RIS 2 B (H il TR A M R A AR A
B SR 00 AT ASAG IN0 B0 12 5 2% R A7 o o) 29 A 00 4 R 1Y)
A, JUHAE Massive MIMO 28 45, 610 550 1 42 4%
JER R BB I T R G S B

TR B 0 R T R i e A R I )
P R 7. A SCH I 2k A7 2251 AE S R
Hhv R FH 26 AR S T AR 3 o SR 300 ke vy v S 2% BE
FRa g 3 S B P st PR | PRAIEAE — S A6



55

EHE, %5, Massive MIMO 3D 25 [] 4 G5 18 AL SHUAS I % 213 -

RET, Wb 2 (OB W 5 . I he
PP AR | B b = 42 AR (35 R
SR AR, o HEFERLOT L, A
2 T 25300 PR W T R D

1 Massive MIMO % % 4 A

1.1 RgER

T 1 Fr7~ Massive MIMO RSl % 5 K2k
BHR Ny, BBCREEE R N, BOEFETE WA
RSN AP R A IE. R 5 1 AR BRICR
LTS y, AT LR

yﬁ;lhusswnz- (1)
s by, FOREE T IRBWCRZ S5 b AR A S R ]
MR REL, n, R 5 | RGN 19 e =
s R (1) o R IE X
y =Hs + n. (2)
X y HEBFE S, H AEERE, s HEIMES,
n MER

K1 K1
. RS fz vl
A il
i | OF Ktk NV§< s, | |5 R
L2 il
i .
A5 SNy A5 SNy
Il 45
5| 73
L |t

1 Massive MIMO F G455,
Fig.1 Massive MIMO system model

1.2 =Z#ZTEEXFEEER
A AR S AR S AR R Z3 M 15 3 AH S
H=HR". (3)
Massive MIMO {55 1 A9 AH G4 32 223 30 0 A [FH]
KR A ST (AR 22, Qn1&] 2 57 et R 51 K
LR,

KV, )

o
" RekgEa | KA&NBd
2 Massive MIMO % E1H %518
Fig.2 Massive MIMO spatially correlated channel

MIMO &5 KA A AH A h 20 (4) 153 %y 20
g3,
R = E(exp( = j2mdsin ¢/A) ). (4)
A d o MIMO KRELFEFIFEICIRIEE, A R 155K
K, o BV IS RE IO Z R ff , H sl or
A AR RS &, Y ME R @, T 220 o, 1 AR
ST AT A e
o0 2cos ¢’> x eXp|:—j(1 - %)ésin go]
(5)
B AR BB AR T ) B AR e
V4 [R5 e KO- A BRG] L AR B ek A 7
Yk [AAH DG B . {5 A L 3.
T AR 20,

R = exp( -

YT
3 Massive MIMO 3D Z [E{8X%{51E
Fig.3 Massive MIMO 3D spatially correlated channel
L3 v F 0 53 o R S i 7 2 5 [ %) £ 2
W, AR KV B 1 EA R R R =
Yros AIAHOCIH B AL, 1] 3 AR
cos ¢ =cos(m/2 —¢) Xcos i, (6)
FRASK(4) 7
R =E(exp( - j2wdsin(w/2 —@)/A)). (7)
P (5) 18 1 Massive MIMO = 4 25 [i] #H e (5 18
AR ATIE 2 R
a'iéz cos’(m/2 - @)
2

R = exp( -
ol . ,
exp[—j(l —;)GSin(Tr/Z—(p)]- (8)

2 KM E

PG D332 A1) FH — A ISR B S B30 7 5 1
(VR AR I 402 1 G 00 B35 0 6 18 2 A ) 457
/N7 2% (MMSE ) #6100

x=H"y. (9)
O H A {5 T 1 PR 3

MRS H KT RS REBE . {FiEH

PR i KRB B, PR asi 4 P AR



- 14 - 7 - D | A = - S ¢ %50 &
H+=(HHH)71HH, (10) N (i+1) (i)

() = —( 27

fRA(9)15: K P, zp’” " zjilp’”' )- (27)

x=(H"'H) 'H"y. (11) SR (27)  FEEAR T R, AR U IE AR 2 A

BRI A3 FEAG I Bk Rk 2
M H"H N A S B O 6 0 B R R R
fHH
H' = lim (H"H + 1) "H". (12)
AP T R BANIAERE R 8 MG SR ol 5 X, NS
W]
H = lim (H"H +
AR (9) BIFE
x=(H"H + o) H"y. (14)
R R /N T 1R 2% (MMSE ) A6 0550 5 e ik =X
3 HREWE X
3.1 WNEERENFRIEE HIERH
F MMSE K 5k 8k 20 (14) 15
x=Py, (15)
P=H"H + oI (16)
A, PBUERE, HY M58 M) 2 L hist &,
P 2 P e FRME 0, DU RS HY HL S X6 R S

o) 'H", (13)

y=H"y. (17)
WAFEREE RO AER S & X A
X # 0=HX # 0. (18)
HR 3 R0 — kT EE e A
(HX)"HX = X"H"HX > 0. (19)
Hli FrE g K TE, WAUERE.
P=(H"H +d’I) > 0. (20)

BOERE P oA R IE 2 R, R R R PR IE E 1
AHEACREA IG5 582 1 B 55,
32 EESBEERES

H(15) 2B R
Px =y. (21)
PR P o3k
P=D+L+U. (22)

A D ONXIAMERE, LA =MERE, U L=
R ACAR (21) 5

(D+L+U)x=y. (23)

B ARZ LA
Dx=- (L +U)x +y. (24)
x=-D'(L+U)x +Dy. (25)

SN AT RSV AW/ W)
=D N(L+U)xY +D'y.  (26)
o i EARE BRI R E Rl

i —URAEAC ) 4 o i fcf") , TAETTR: fc?”” B}, B
A3 (0 2”),"', D T R B
FIH. $:&L,Hi§r‘ﬁﬁtﬂﬂ’3ﬁ}£ — AR O R — WK

DRI, PR, 254 PR 2070 0, S

FUBHLIORAM 2070 200 e 2070 AT I

S AL, AT AL AR
G- S - B )

(28)
JIERIEAC S B, 5] AN T o, Bk
MG R
2 =g +*(y, jz,pjm - ipjmfcfn”)

17

(29)
LRI N
i+ 1 ’ < +
ri I)ZF<yf_z 2 ”—ij
Vi m=1 =j+1
(30)

IR AU BT R 258 T
A 5t R X R ZE TN LME IE , #5328 5K

9’;](141) _ j( D b X r< i+ (31)
4¢f:(30)1t/\f(31)ﬂﬂ4
j( i+1) _ ;) + 17(% ZP/ (+1) — z ijx,(nl))
i m=j+1
(32)

Fe X (32) & 1
=D +oL) ' [(1 -0)D - 0U]x?

w (D +wL) 'y. (33)
T3 O st R, AT DA (33) 35 4R
ST
3.3 WmEFEBSEEHE
430(33) MR N
B=(D +wL) '[(1 —w)D - oU]. (34)

BOR AU R AL A A, 4, T
BT
[Bl=[AA,A,[< [p(B)]". (35)

X p (B) kAU M i 42, Rk s A7
B T A A i AN T 1 A

B|" =p(B) < I (36)
S Aw S ERR T W)



55

EHE, %5, Massive MIMO 3D 25 [] 4 G5 18 AL SHUAS I % <15 -

Bl=|(D +oL) ' [(1 —w)D - U] |=
/(D +wL) '||(1 -w)D -wU|=
D +wL|"'|(1 —0w)D -oU|=

(TT ) " x (=) < (TT ) =

(1 -—w)".
(37)
FIF L7 % AT
Bl =|(1-w)"|" <. (38)
BV A5 R 4
0<w< 2. (39)

2PN 45 T 1.0 1, B (28) . A
PERE— AL A st PR 7 i Bl s B L R, H
W T AL PA Bt R 1 — e WA Sh A Bk
SR T AR 2 — A PE AL AN st PR . PR, 3
HA M AR RA S P A T TR L

4 MHEHE
41 HFEEHE
HEAUG ERIER AR T ESHLE 1.

x1 (FESH
Tab.1 Simulation parameters
AT SHRE
P 64QAM
R REHH IS 64
R R H S 128
Rl TP v AR OE
AR 8,12,16
PSR T [F]F 0.2

4.2 iREE4FEBED T

Bl 4 1R R AS TRl A 5t 7 326 A5 7k S MMISE
RN B i 1 R M R SR AR SR E o 8
F1 16, 42 [a] PR 1 AN R st R, R IETRT 0L, ZE A 5t
TR 1.4 B, 3R FURR R M RE BT 1R B 16 Y
T HC R G I BE AN MMSE 460 8k PEfE. 0k
B> 50% , 5 10 dB 3 20 dB Zr4E M 5N
3.96, /G R BRI N TR 1.0 $2TF 171, 16 {5 Mg
Ltk 20 dB B, iR LUARR R T R A B0 4. ]
W A kAR 1.4 BESEELE D AR OB B
R HCRRER | R I A I 05 BB T IR, A
SRR — . AT R R AR B R ERIA
DAL it PR i 0 20 126 AR B (] B ] R il
(ELfifE , B30T RESE R AR U EAIGIR H RR R R .

Kl 5 Fr7x Massive MIMO = 4E%5 [B]AH {518
FRE A ARG I 3 ) ARG T P R Pl TR AT AL, A DG A
SRR DGR 1R L AR T R i A B AR, B

TEAHSCAE XS TR U AR MR, HAH S IE TR b
R T RGeS ARG ARIE B 7 s 42 |, W)
I, FEKSP-J5 1) Rt B07 1) _E#RA A L9 e A = 4
23 AR AR , A He RO EK SO 1) AT M RE D e
Y " HE S AR SR TE , 18 LU i 2 B g U R e
FEARPERE T 25 | 32 Y O A = Al A 2 () A O A5 1
N IHIREFE TR S B 2 22 980/, 5585 FF TE R 26
[ FRAR /I (S TEAR SSRGS K. P, FESEBRPERE S
I, BN A SE AR TE AR S, SR Rl =4 A R
JE 3 RSB £ 3 AR S ) 52

10°

107

—a— SOR 57 N=8 =0.2
—o— SORFk N=8 w=1.8
10 —— SOR B N=8 w=0.4
—— SOR B3k N=8 w=0.6
—— SOR 7k N=8 =0.8
—+— SORFk N=8 w=1.6
—s— SORHL N=8 0=1.0
—o— SORHk N=8 w=1.2
—a— SOR .3 N=8 w=1.4
—o— MMSE 4
—— SOR &} N=16 w=1.0
0 5 10 15 20
LU ARRE R 1L /dB
B4 ARERMEFTEERNERE

Fig. 4  The performance of detection algorithm for different

1 LU RR R

10°

relaxation factor

1 00

107

—— 3D HIKAFIH N=8 w=1.4
—— 2D HIKAFEIE N=8 w=1.4
—— 3D M KAFIE N=16 0=1.0
107 | —e— 2D HIAEIE N=16 w=1.0
—— B E I N=8 w=14

—=— JEHICMHIA V=16 w=1.0

R LR
S

107
0 5 10 15 20

HEAS (R L /dB
5 Massive MIMO Z [8]40 X {5 & TH I 14 AR
Fig.5 The performance of detection for Massive MIMO in

spatially correlated channel

43 HESEZRESH

TR AR T2 A I A rp R Rk
(i FREL. € R I AE — WT N AN AE R RpRE 3
SRy ke i v o M AR . Horp R R
Or AR BORRE TR I3, i AR 02 4 Jm Sk il
#873. MMSE A8 5 32 362 42 308 73 6 435 1 1 1 £y 3



- 16 - /S =S B A N S ¢

5 50 %

T R AU B SR 3 A S S A I A 3R 15 5
IR 3z R0 4. 26 AR B R R 8 0 S SR 7 11 15
WIS FR 5 R A3 2 AR DU R 4, b R B AR
st D 32 A0 B 4 3 (28) 43T, 51 AR Bt IR T4
0 (32) 734

HEE BT L3 2, Horh M i i 1
N, REFREEHE , Ny WIEZREEH, N it

2 HESRE

Tab.2  Computational complexity

EALIKCRES ug i RRORER
MLD UKL MYt(NyNy + Ny)
\MSE gy > Ny 2(Ny + 1) + NpNg + Ny
ITES Ny 2 + NpNy
Hth NpNg + Ny
e
AL JE8: Nyp? + NpNy
LS VRS P ] NyNg + Ny
(HA5th ) Jagk N(Ny(Np +2)) + NpNyg

& 6 JIT 7 ARG B3 (R 153 R 2% . Pl I AT AL
MMSE 6 05532 14 52 2% B e+ 36 AR ARG ) B3 32k 3 —
AN BRI T AR B 8 B,
G AR P A TR . AR R R &
FURMIERREG R, WAk, BEFE R B3 i,
TR ZR B W , 46 8 Ik A A= iR 2 4
JEZ) 5 R IRPE R 8.32% , 156 16 YWk F= AR it
B, S BRI 5.00% , A7 WL, Bk
AT %R 5 LB T N R O R R AR
FEA R AR P R AN T AR AR AR A T, (H
SV B RGN LR AE T R IR B B JE e 2
MMSE I35 | i 2 a2 AR I 40 1 o+ 0 R
ANBfAR R L AR AR T AR Ak, B — B B R R ARG I A3
AR k.

107 —— MMSE 5%
—— SORE ¥ N=16
—— SORHEEN=12
10° —— SORBE ¥ N=8 v=14
—o— SOR %7 N=8
% +SOR%?§N=4
X
&
20
g e T - - - - S M
=
10
10°
0 5 10 15 20 25 30

LRI LL/aB
Be KUNEXTHERE

Fig.6 The computational complexity of detection algorithm

44 FRESHESRENES R

K7 PR fEiR RN 107 fFR L 51
SLARVERT A I e P AT L A AR st IR 54 1.4
A E R AT 1.0, SRR ECK 8 I, By
fEME LR RRIT 4 dB, TR LU R PR RE 5 ALK 16
FE , B S 2R AR 20% , PRAbFa st e - 1.4
PR AURE BEAE T S 2R BE A5 I LU 25 T S Bl
BRI,

25
20
| |
=
= o .
#® 15| ™ SORFTIEN=8w=1.0 va o
ﬂ\\_:
i e SOREEN=12w=1.0
X
MMSE %}
ol * Bk

A SORHIE N=16 w=1.0

v SORH L N=8 w=1.4

5

10° 10° 10 10° 10°
SHORBUEL
B7 FRILSERXERES
Fig.7 The trade-off between the signal-to-noise ratio and the

computational complexity

5 # #

RS S AR KI5 1) L BAT A1 8 31 J s T
B = I/ B I v & 0 N e g L R
HAEY TR = 4 == [ M S A B 2, 4 A
AR TIE XA . R IR AR E 2 L i 1R
(e S VA RS AW RS i R R o M i R K
SRR =225 (AR S A T R TR AR L 2 2 () A
RAFTERIY MRS ARG, RO rA st 70 1.4
A B R AR AR B 8 ARSI T2 1.0 iR 1L
FER107 0, Iras (R LUREARZY 4 B, 7043 £ 42 Tt
171, Hm AR EC 16 1R LR A A I PERE , 1
I ZRPE AT 20% , 7R AU 73 A7 5 e LL A58 42
ZRBETHOLT , BEARAFE LA P RE.

5% ik

[ 1] MARETTAT L. Noncooperative cellular wireless with unlimited num-
bers of base station antennas|[ J]. IEEE Transactions on Wireless
Communication, 2010, 9(11) ; 3590-3600. DOI; 10.1109/TWC.
2010.092810.091092.

[2] RUSEKF, PERSSON D, LAU B K, et al. Scaling up MIMO oppor-
tunities and challenges with very large arrays[ J]. Signal Processing
Magazine, 2013, 30 (1): 40-60. DOI. 10.1109/TWC. 2010.
092810.091092.



55

EHE, %5, Massive MIMO 3D 25 [] 4 G5 18 AL SHUAS I % 217 -

[3] LUL, LIY G, ASHIKGMIN A, et al. An overview of massive MI-
MO benefits and challenges[ J]. IEEE Journal of Selected Topics in
Signal Processing, 2014, 8(5): 742-758. DOI. 10.1109/JSTSP.
2014.2317671.

[4] NGO H, LARSSON E, MARZETTA T. Energy and spectral efficien-
cy of very large multiuser MIMO systems[ J]. IEEE Transactions on
Communication, 2012, 61 (4). 1436 — 1449. DOI. 10. 1109/
TCOMM.2013.020413.110848.

[5] HOYDIS J, BRINK T S, DEBBAH M. Massive MIMO in the UL/
DL of cellular networks how many antennas do we need[ J]. IEEE
Journal on Selected Areas in Communications, 2013, 31(2) : 160-
171. DOI. 10.1109/JSAC.2013.130205.

[6] ISHIHARA K, TAKATORI Y, KUBOTA S, et al. Multiuser detec-
tion for asynchronous broadband single-carrier transmission systems
[J]. IEEE Transactions on Vehicular Technology, 2009, 58(6) :
3066-3071. DOI. 10.1109/TVT.2009.2012716.

[7] WU M, YIN B, WANG Guohui, et al. Large-scale MIMO section
for 3GPP LTE algorithms and FPGA implementations [ J |. [EEE
Journal of Selected Topics in Signal Processing, 2014, 8(5) : 916~
929. DOI; 101109/JSTSP. 2014.2313021.

[8] ZHU X, MURCH R D. Performance analysis of maximum likelihood
detection in a MIMO antenna system [ J |. IEEE Transactions on
Communication, 2002, 50 (2). 187 - 191. DOI. 10. 1109/26.
983313.

[9] YIN B, WU M, STUDER C, et al. Implementation trade-offs for lin-

ear detection in large-scale MIMO systems[ C]// International Con-

ference on Acoustics Speech and Signal Processing Vancouver:
IEEE Press, 2013; 2679 —2683. DOI. 10. 1109/ICASSP. 2013.
6638142.

[10]TSUNG L. Some results for fast MMSE —SIC detection in spatially
multiplexed MIMO systems[ J]. IEEE Transaction on Wireless Com-
munication, 2009, 8 (11); 5443 - 5448. DOI. 10. 1109/TWC.
2009.090196.

[11]BAI D, PARK C, LEE J, et al. LTE-advanced modem design;
challenges and perspectives [ J]. IEEE Communications Magazine,
2012, 50(2) . 178-186. DOI; 10.1109/MCOM.2012.6146497.

[12] HACKBUSCHW. lterative solution of large linear systems [ M ].
Leipzig: Springer Nature, 1994. 78-83.

(13] R, BB EEIM]. Jbat.: RBlef i, 2003: 76-79.

WUBoying. Numerical analysis principle [ M ]. Beijing: Science Press,
2003 76-179.

[14]GOLUB G H, WANLOAN C F. Matrix computations| M |. Balti-
more; Johns Hopkins University Press, 2012; 441-443.

[ 15]KERMOAL ] P, SCHUMACHER L, PEDERSENK I, et al. A sto-
chastic MIMO radio channel model with experimental validation[ J].
TEEE Areas Communication, 2002, 20(6) : 1211-1226. DOI; 10.
1109/JSAC.2002.801223.

[16]ZHENG Liming, FUKAWA K, SUZUKI H, et al. Low-complexity
signal detection by multi-dimensional search for correlated MIMO
channels[ C]// International Conference on Communications. Kyo-
to: IEEE Press, 2011. 1-5. DOI. 10.1109/icc.2011.5962771.

(i wH2)

>P3IIIIFIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIDY

Hmw A R

HEE R KBRS REE R R R R R RE T R FRFAHFRAAT RN
AR FURAR A R BT/ R A e B BT ORALAL R W T — A TR 1 A B A B IR A TR
R SRR A K B A OB IE A 40K BB AR IT B AT R 2 | R AR T DL B T A BRI AL B
MEAFN TR LTI, G548, REXEH —KEZAREA RN RETRER, LT W7 #/AM
B AR BEC TRBE BAERURABIRAHEEEZ6EX,HR,BET"F
I G A A AR AT 2 TR R/ R BB 40 oK BB AR, I AR A S AR T RS A A ST
P B OE T R B P BT A%, B SL T U kAL M R - R TR R T R RO AR BT A G AR &
IR O R CIN =R - e DA R XV
X A 3 G Ak A R B 58 ik P B G DR AT A HEAT T AT S, B A ST AR SR AR BR AR AT N R AR F AR AL A T

HAH I T 7 /18 AL

PIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIDY

4

(BCRERKEa,BEKHE,BEA, wREIIAY MXFR)

€€ €€ € €€ €€ CCCCCCECCCCCCECCECCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCKEK

BENTIFE A R FOR MR HATT ER R,

€€ €€ €€ €€ CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCE

<

<



