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Optimal BD Precoding Algorithm for Indoor Visible Light Multiuser MIMO System
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Abstract: Block diagonalization (BD) belongs to a traditional linear precoding algorithm with mﬁltiple inputs and
outputs, and its core idea is to find the orthogonal basis of the null space in interference matrixes through singular value
decomposition (SVD), so as to eliminate the multiuser interference (MUI). However, as the number of transmitters and
receivers increases, the BD precoding algorithm faces more complex computation, which has become one of the key
factors restricting its development. Therefore, this study proposes an optimal low-complexity BD algorithm. The
algorithm is based on the combination algorithm of Schmidt orthogonalization inversion and lattice reduction operation in
orthogonal decomposition, and it replaces the SVD of two high-complexity operations on the traditional BD algorithm by
Schmidt orthogonalization inversion and lattice reduction operation and thus reduces the algorithm complexity. The
results show that the computational complexity of the optimal algorithm is reduced by 46.7%, and the system and capacity
are increased by 2—10 bits/Hz. Furthermore, the bit error rate is improved by two orders of magnitude.

Key words: block diagonalization algorithm; multi-input multi-output (MIMO); algorithm complexity; singular value

decomposition (SVD); multiuser interference

1 51 5 B R IEAE 5 R AE R A (light emitting diode,
A W5 (visible light communication, VLC) LED) T, it LED & H! & i WIS (A 4R 15 5 34T 5.

© Y hr it 18 : 2022-04-18; 1& X []: 2022-05-22; SR A [H]: 2022-06-13; csa 7528 HiJi i H]: 2022-08-24

Software TechniquesAlgorithm B PF45 R Hi%: 227

© EREERREST  hup/iwww.c-s-a.org.en


http://www.c-s-a.org.cn/1003-3254/8874.html
http://www.c-s-a.org.cn/1003-3254/8874.html
mailto:cas@iscas.ac.cn
http://dx.doi.org/10.15888/j.cnki.csa.008874
http://www.c-s-a.org.cn

it E RGN

http://www.c-s-a.org.cn

20224F 55313 5123

S AT IG5 R G0, ORI AU, 18 F22%
MR, B THN . %Atk R itnt,
fES N VLC £ P MIMO RHirh, KU o — Mk i %
A LED 4L, Bl A %/ F ™ 4030, (R B0 5
HE L, BT K ARG, T T DA 5 i
B AR, AR B0 P AL AT, P
RENS BECEI AT LED K th 055, MUT f R0 B2
i3k, 7 MR T 2 GebE ), H00 MUT ROy %14
VLC (BT . 7 T ATHER T, o TP A ] D
P e, 9 PR 7 1 - P 0 0 1 K 3 i 47
R

0 5D B 25 S 5 P 0 47 S0 b 3,
{754 22 A PP 435 A BRI FRUAR D (49 LED 47 16 51) L
ST 4738 £ 76 T S 30 1 U6 D 500 g L £
FHEN S BD UL HE, 1445 7 kS VD $
46 2 TP MIMO {3 R B 4 1 /26 )
MIMO {5, 52 A BRI T3, B B S 50 T s
F 52 4 TRECO. 5 R P MIMO. R Gee, B 5ed
AL BL KPS BRI, BB P 25T B AR
O A, SRTT BID T S L 1 AR 1
BN, B i3 52 7% 8 7 0 I 7 2 g L) 7
Yo 5, T LA AT S 1 L0 82 1. Chou 2517 7
EACHE 9 5 AR R0 5 R P MM 238 i 47

L6 oAl 7 T A AR B TE. Wu 20 4R T R
FF O 035 555 QR 4MRAX B BD TS S0 % —
YEF B AR T I, FEE— B3R B 77 2, VAU
B L (TR RESR VD, VMR ST 2 . I, A f™
SRR T S0 V¢ QR 4R R 40 2
A A AR 000 B P T R, X R T AR
R bR IR, BRI 7 AT 4%, (L i B0 1 TS
RO EEERTF. Zu 4 B4 BD MgRID LS
Fe S0 B AR 46 4, 19 B OB TE 5 BD $3%
AT 07 EOX LR, 00 A 2 B A B AR 1 [ 22 5
AL AE A T NG, (02 R R% R A
7. N

% F Tk, DA SCBR OS5 40 B0 BD Bk
¥ R S AR FEHEAT T RS, S BD BV IRID R
DL B G A I B FIRAL. N T 51 4L BD &
VEI R GEERE, ARSI — R T TE 28 50 1O e 2
ESTAL 5 i 5 4% S L0 (414 1O B0 BD 035, R
I WA T 09 4 2, 3 FL7E 35T 0 28 6 3 e
A9 T R4

2 ARG
B TGRS L 2 L MIMO 599 ] WOE &
GERINIE | TR, BRSSO A

Pt A AL B, BEAIK T BD Filgm i il SRR SRR, H 2 s R \ B
___________ . T T T e Ny W — — — 17
r . i E LEDI I Fi 711 PD
| B N, . /L —»*\ sy = [ e [ I
e | QPSK |m(® | 2 : \ '\* ; Gl
| v | BUER N | ;’i o L Il %MFFNEI
I —y= | ]
! -~ fR |
I I |
: HEE :: K PD I
KR N . —y3 \* e i K
X L Ny | 1
I PR e fith LLEDN « [ :
S
e g I pk
1 MIMO = A 1] W JG38ME & G il
Y iy K
Bk RS H Np AR S, KA, A H Vi = HyWexg + Z H(Wjx; +my (1)
j=1,j#k

K
AT N AL, WEBBCRIEA N = Y N, A
Pk B9 BT LA € OOV B
50 e S H = (HTHT, - HETT. Pk B S
FRRN:

Horp, o R P ke ROE R AaEE, W 2R ki)
TGS FE K, nye R HI K B m i VS BRAh, 25
AL 2 BRI k #IEIRsR B e
G, A SIERT I T IUE S, MR ER

228 AR H % Software TechniquesAlgorithm

© TEREBIK R

http:/fwww.c-s-a.org.cn


http://www.c-s-a.org.cn

20224F #5314 55 121

http://www.c-s-a.org.cn

i H AR SN A

T
T A A 5 it MUT EAT VR B, A% 0 JBAR
ST AN A B T gm A R R, TS S T A
TG, A TR 4 T %A P &2
[F] Hh, RERE A 25 R ok B A H P i 288 90, B
230 (2) FIZIR:
HW;=0,k+jHO<k, j<Ng ()

3 BD Figmbd 5k

BD 4 5355 A% o 2 6 45 F £ 425 3 6
AT R SVD I3 SR A B AR W, LAk 219 4
P A B SR T4 AR S &k A, 765 19K SVD
B, 6 TP FEHEAT SVD SR, LA 75 50 3 3L
i FE P 0 00 TG B W 55 2 Yk SVD 1R, o
S50 A M HEAT SVID BRdE SRR A P 1) Bl i
SBT3, IR Z W, 455 2 A
G SR g WP DRUE, B P kI T4 B B B W =
Wew?, R4 BD Sk K B AR IR,

O K IAMERE A A

I:]k:[H—lrerzrv'“>H];F_13H];r+ls“'3H[T(] (3)
Hrb, Hi e kS TERE R
Xt H#AT SVD i85
7| 20 |0 o
Hk_Uk[ - ][Vk VO )

Jorp, VO R AIHT L = rank(Hy) < Ng— Ne M 2551
5, VO 8 B G Ny — LA 25 54 e, VO %
HIR T B B2 /N EACHE.

TES K SVD IEHE, AW = V% T 3K
155 K M) R G AR, X MURTE T SVD B 5

SOk SR A F = HWe, X
SR A AT SVD 2 T 7
S0

I:Ik:HkW;::Uk[ 0 0

:|[‘7]£1)"7]E0)]H (5)

Hor, VY RIRA AL, = ranl’c(HkW',’:)/l\Enﬁ,r;%fi A] &,
M Pk B TgmissE FE R 28 2 3589

wp =0 (©)
FTEA, L k ) Tdm b 7 B W AT LR A
Wi = Wewp = 7Oy )

T R, 1351 BD S 0 Tl i By

W= wew? = [VO7D .. yOpDH ®)
[FJ I, H2YSCHRE B 7T AR 7R 9
B = U/fl )

4 S PG L AR
BD S T SVD A T 1R B 1 50
FE, F6oR 5 HE AR A IO, R T B S, R
VK SVD $ 1R HEAT B e, AN TR (6 S35 2 B, OF LS|
O\ T 75 0 A0, AT (RAL 3R G0 . BD S35
1 SVD B R FFQRAMIR T ) GSO IEZ LAY ok
IR AP T4, 4 2 U SVD BREHIMA T 28 3
L PR R B4 B 147 5 4. 604 QR 41 5 A5
Fr BRI BA, T A SR AT QR 478
351 8 A A D, S P T8 00 L AT O A,
B B SR A 43R 517 (R FR GSO-CLLL-
BD i, A BT,
VR I B B O T2 R, SR A R AR B A
LQ 73 fi:
H=LQ (10)
Fooh, LR RSNy x Ne e T = S TUH6RE; O 12
SRR BIHING x N IEZHERE .\
(AR R LA R A
HT — HH(HHH)fl — QHLH(LQQHLH)fl
=0 =101, 0 s, Q" Ek] (1D)
BRI, (AR H ORI O E TR AT LA
RN

[ HiQHL, H,0%L, H\ 0Ly
0L, HQ"L, Hy Q"L
HH' =

| HxQM"L, HgQ"L, HxQ"ig

(', 0 - 0

0 L - 0

= (12), ATLAS 31

H. Q"L =0 (13)

Software TechniquesAlgorithm #XAFH AR 5% 229

© TEREBIK R

http:/fwww.c-s-a.org.cn


http://www.c-s-a.org.cn

it E RGN

http://www.c-s-a.org.cn

20224F 55313 5123

MR (13) BB QH Lk F FH &k #MNE AL I % 2
] e G, 38 7 6 QF L AT GSO IEASAIREUIE AS
HiBEGy, G NN RE A % 23 (8] [ IR A 3. 5K (12) AT e
FKIRN:

| HiGy H1G, -+ H|Gg
H2G1 H2G2 HZGK
H[G1,Ga,---,Gk] =

| HxG1 HgG HxGk

[ HG 0 0

B 0 H,G, --- 0
0 0 HxGg

(14)

M (14) ATRAAS 5N, Gl 2 1 % MUL 2K
CG A ke BT R R R 07
Wi =Gy (15)
TE SR AS Pl g 65 FE B B AT =358 90 )5, P & 3520
{BIEHFERT LLR IR
Hy = HkW/? (16)
H T4t BD S50 2% FE 15 18 M R (1) 52,
I TE B AT o, 135 00 MR P ORI AE AT e
ML BEAERT, N T BB G, X P k S5 IE
TR H AT
I:Ik:[ Hy Aaly, ] (17)
Horp, oA i 6 7.
X R M AT R TN L 4R, T AR 2
Ay = H,T{! y (18)
Hrp, ﬁk%ﬁﬁ&i&%%ﬁ%%ﬁ BV LIIAE B Ty
& S 1 B o7 546 .
HH I (18) 7] LAAS 2 L)k Fi B 2 7~
Hy = BTy =[ Hy  Aaly, ]Tk
=| BTe VaTy | (19)
TEAE G IR N2 Sk, SRR A RS B 75 22
o 55 20K 1 T R A BEAT D AR T, Bk R S L)
HEFIF QR AT T OIS AR, (L5 mERE
TR RN,
PSS TE B A, O S B0 AT QR i

230 FAHARH % Software TechniquesAlgorithm

- H Ty . n o 1. O Ry
H = =ORe=| _ |Re=| (20)
\/ETk & QkRk

Horft, Ry RN x Ny 19 1 = #f 46 B 5 O 3 N+
Np) X Ny W) 1EAZ SR Qllcs Qi%%%ﬁﬁi@kﬂ"]ﬁﬁm*ﬂ}ﬁ
NiAT.

i (20) ATLLRAS:

VaTy =0iRe = R = Na(O}) ™' Ty
N A
>R = %Tk 10z

1
, Va

MRS (21) 53t (22), P & BT R
2 #a N

W! =pH! = pAAY (B A

=R"HY = —©OH 1! (21)

= BAROkRi (OkRO)™ Ok Ri)™

= BA QKR (R OF Ok Ry) ™!

= pAORE T = Lol odiT (22

Va
b, BRI HEB B B T ANy Trace(AH AN ;
AT AR WL HIERE Iy, Ovpay, |-
38 3 T (0, 58] BD SR FOTR LI 1

W = WeW? (23)

y \
5 PRBES BT 51 &

ARIFKA 5 mx5 mx3 m ERBERAE AT R,
FESE R (7). KA 4 A LED FEFIA AL, B4
FE31 ¥ B A 60x60 A LED & . L NS HY),
WP EE LT 0.85 m, HAAF HSHULE 1.

£1 WA EAI DS MIMO £4:5 &

S HE ZH AL
S AR T (cm?) 1.0 fE4E 2R (Mb/s) 1.0
gk 7 3 7 B 0.562 W 52 0.2
EIES 1.5 B ROLHT (uA) 5100
LED¥-I %A (°) 70 e R IS A (©) 60

FEHIE R (Mb/s) 100 || KGRI (A/W)  0.56

ACEEUE G E WAL T RS TERE, Gl 2
fizn, UE BorF AL E, AP R8s LED A 5.

http:/fwww.c-s-a.org.cn

© TEREBIK R


http://www.c-s-a.org.cn

20224F #5314 55 121

http://www.c-s-a.org.cn

i H AR SN A

5m X (m)
;
® UE1
(0,0,0)
* APl * AP2
(1,1,0) (4. 1,0)
8 ® UE2
(2.5,2.5,0)
*AP4 *AP3
(1,4,0) (4,4,0)
y(m)Vv

K2 LED 5H/AME
51 EZESH

TEARTT XS 4 BB AT 40 b, R TF R
0 (flops) X B 24 AT E &, 47 T BD HykfA L

#2 ¥ GSO-CLLL-BD Sy 1B A BE. 1 e Wi 55

V2 P A B0 [ 2 e 7 3 75 VR R BE AT el 4G,

* 2 . g
¥
22 NSRS T R T A
23 I FUEL (flops)
QR (4,xn) 16(mn*—m’n+m’/3)
SVD (4,,) 24mn*+48m n+54m’
LQ (4,x) 12m’n

M 2 AT LA H, QR 4. SVD 4-fif. LQ 4
fifth, SVD AR = AL 1 sl is FAGR B ORI, LQ 4
it BT 5 (37 508 AU /N, QR 4 f#f& . GSO-CLLL-
BD HyEFIFH LQ 2 Al QR 43 fil KARE SVD Jfif 5k
LR, BIE BD 8%, ASCHEH #) GSO-CLLL-BD &

FEA AR E R, X P EE S — TR i

T HGHAT M
% 3 B ARG BD S 4 BT T B S
¥ ‘e

% 3 B AB 4 B Bk 1A 3L B I s M
¥ep =24K> N7 Ny — 2KN7 N — 2K N}
+(56K* — 40K +48K)N7 N}
+(54K> - 162K + 216K — 54)N;
=0(K2N%Nk) (24)

2225 SCHR [14] Fdie A ecst i 2 i 2 R i
QR 73 fiff AT LA L4325 RS A B 1 Dy e, mT DAKOK B
ISR IR, ik 4 R, NOCHR [14] BT i) el
1&% L) FAE R TSR R 5 Dy i 4 A ) R 2% X

HIZE 4 W LAFE HH, B AR R4 L A3, Dhdtia 55 (0 7
RIBFHCRRIE .

*3 BDHIEWMEHERE

SRR AR BHE IR (flops)
SVD(Hy) K-6(9(K - 1)>N} +8(K = 1)>NZN1 +4(K - 1)N(N3)
HWy 8KN2Nr —2KN?
SVD(Hy) K -6(9N; +8NZNr +4N(N2)
W= wew? 8K>NZNr — 2KN¢Nr

4 RIS R R R R (037 AU S
B B (1 4 5 2 14 6 8 10
HEHORT | 145.05 1351.56 4784.58 11557.68 22524.70
CLLL& % L4267 34133 1152 273067 533333

% 5 fin, N GSO-CLLL-BD Hikf— B Hi f& i
FRIB A

%5 GSO-CLLL-BD #yk:4 4=p

S e 411 IS E A4 (flops)
XHEIERFEEATLQA R 12K2NZNp
RINLQF i 1) b = fh A 4K°N)/3
AR P HEATGSOIESZ AL 8K2N}

(CEI IR SHV UL IEFE
BRI ISR R

8K>N7Nr —2KN;Nr
8KNZN7 —2KN?

S RSEMEEFCLLLERAE SRR R s, 4, S
S B HEHE AT QR AR SKON]
SRILQRAMIR S 1 1 = i \ B TR

ST 5 T L e e _8K*N2Ny — 2KNi Ny

1

\H % 4 )77, GSO-CLLL-BD Hik s L % fiia
HHCN:
¥Gso-cLLL-BD =(26K” + 8K)Ny Ni —4KNr Ny
+ (§K3 + 161(2)1\7,3 —2KN}
+ f+2KN;
=O(K*N?Nr) (25)
B 3 i, B A P BB RECE N N=2,
IR 55 v AR WL o PR 4 H AR SE R N No=KN,, L BD
SRR SR I 53 Y GSO-CLLL-BD $EBE % H
FEE AR SR S B 7R VR S B AR R L. B 3
A PLE H, GSO-CLLL-BD $.y%:4F BD Sk 3Eht L/
PR T 46.7%.
E 4 s, [E @ P 3B N K=2, RFREEE N
N=KN,, W BD LA S frefdk i) GSO-CLLL-

Software TechniquesAlgorithm X fFHi A5 231

© TEREBIK R

http:/fwww.c-s-a.org.cn


http://www.c-s-a.org.cn

I EN R SN H http://www.c-s-a.org.cn 2022 4F 4313 45 12 1]

BD HERE A &N EEE R E AR S i & AR AT Ll g 2,
PV AR . AT 4 BT DL, 2 P 3 SNR,
& %H 9 10 B, GSO-CLLL-BD 5% 7E GSO-LDL- Ci —Zlogz(l N ﬂ)
BD SLERIEERE_ - T T 40.62%. =
. < Nilog, [1 + VR [ Zaz]] Q@7

106 = (27) oTLAVE H, 24 HA S H 1T A8 AH S5 I
(H R IEASHERE), 555 Rl or i R ik B oK. S H W3
FAE KN B, (F1E @ii@%ﬁyyﬁﬁ

Z /" MIMO {5 &% & 7] u;‘%l FEZA B

MIMO 1*“ @%ziﬁn. B8l ik, TTRLXT B - MIMO {5

10°

10

10°

— BDalgorithm AR fﬁﬁﬁ JETXS AR 5 By gk 1) BD SV AT
—v— GSO-CLLL-BD algorithm -
0P B . A kA SR
1 2 3 4 5 6 7 8 9 10 "
Number of users K C = log,(det(I + o, HW W H))(bits/Hz) (28)
A3 GSO-CLLL-BD Siii il P 8t o % SRR TEFE BB AR A, 185 K A 25 A Ok 3R R R B 2
o SEAE A E L. B By 2500 Neond (Hy), W] LASR
NN
100 Amax
cond(Hy) = 1T (29)

10°

S NRRION | I, ZAE N IE AR, 73 R M
SRR, B A S A AR IS, T A M
R, ST FF % 550 A W Sk B R G P
_._ggglarﬁu% S Bl 5 i 7, GSO-CLLL-BD 5 ) 56 20 {7 18 R B
o BT S0 U5, 2 S comd(Ai fE X0 SR T fry
2 sin Te us:f dataéstrea;N s T R L (pr%bablhty density function, PDF) 4} 4 #5
: " . 1 S\ Bt 00 2 20 3 T A
B4 GSO-CLLL-BD &kt H P s im 4 i B2 4% Q’jj’;ﬁ\ﬂ?):, 2% B A N S A, (B L N, T
BRI LA IE AT M T AT A S RS T AR B, TR 7 R 4
DLFRL 0 & 90, (LS AT SRR 5T e
T, TR AR S RIS T, A5

10

10°

Flops

—_

R LR b :
1.6 @ —©— Before the CLLL algquthm
ot —+— After the CLLL algorithm
C = 10g2 det (Ik + HkHH)
g
SN, R 2
logzdet(lk+ kUAUH) §
§D
=log, det (Ik + ) %
SNRy,
= Zlogz (1 T al) (26)
Horr, SNRy 2275 P WOR 2 1 A SEAE MR LS 4 20
H 4T SVD #AF 513 25 i >33 AR T 7 Bl 5 L RLLI 5 H 2 BT o B M 25 1 o 2

232 AR H 1 Software TechniquesAlgorithm

© EREERREST  hup/iwww.c-s-a.org.en


http://www.c-s-a.org.cn

20224F #5314 121

http://www.c-s-a.org.cn

i H AR SN A

e EE I L) 45 J5 159 20 1 S5 E TE AR B IR A P T 4T
K 6 b 7 BD 5L Ml GSO-CLLL-BD Sk &5
W AR Y I R R ANE B L. 5 A LS R 2
GSO-CLLL-BD %% BD Hi%, 2GR &R
2-10 bits/Hz.

50
45
40
35
30

Sum capacity (bits/Hz)

—+— BD algorithm
—v— GSO-CLLL-BD algorithm

0 2 4 6 8 10 12 14 16 18 20

SNR (dB)
Al

6 GSO;CLLL-BD G R

53 BRI ¢

ARSCHRE ) GSO-CLLL-BD i 4 fith 443953 i 4% 3
FI LB AR A H L 8] B4, FEEAT R BE R 2
FORFIGIN TAETEM S, HIE S Ko i 28 4E
X S AR TE R B A IR A YRR B 1 3, PRt i 1)
155 DAL Hnme /s LA BB oK, DA A RS 2
PERE. B 7 R2A ST GSO-CLLL-BD Hik 54 4:
BD 5iEH R GRS RS L, M S Rl LA
H, 24 A LED FIZhZIEF] 10 mW I, A SCHE H B0 1)
PR Al IAF] 107 /245, BD Fignfis ik HAEiE#] 107,

l Ol)

10!

BER
S

—— BD algorithm
—p— GSO-CLLL-BD algorithm

10°¢ * *
o 1 2 3 4 5 6 7 8 9 10

Power of a single LED (mW)

K7 RGRIGET

6 Z5it
KR T — Rkt BD T A 0k, 1% 0l

i SR IE 52 53 it v BT 2 Ry LE A2 A A% 48 BD Pl g i
fRIEE 1 4k SVD 73 fif, J8 I IE A2 PR AF (ks HE A 2 B024K
B4t BD HikH 5 2 Ik SVD J3fif. JF LS 2%
fE. RGMEE L RGRIG A 3 AN T7 T A STk

#ER) GSO-CLLL-BD %3k 5 BD 5Lkt A7 i 5xf b 5

IR, ASCHRE ) e BEAE R EIRAK T 46.7%,

BEE P O X AR S S, R R GAAE R

EARF| T 2-10 bits/Hz B4, RN RGE EA5 3T

2 MELHIIAL. ¢\

O sEH

1R A, B I 106G HO T LGB . P B R,
2620, 26(2): 11-19. [doi: 10.12142/ZTETJ.202002003]

2 Rahman MT, Parthiban R, Bakaul M. Integration and
evaluation of hybrid RoF-VLC network. 2020 IEEE 8th
International Conference on Photonics (ICP). Kota Bharu:
IEEE, 2020. 84-85. [doi: 10.1109/ICP46580.2020.9206488]

3 Kumar A, Ghorai SK. Performance of MIMO-VLC system
for different radiation patterns of LED in indoor optical
wireless communication system. 2019 IEEE International
Conference on Advanced Networks and Telecommunications
Systems (ANTS). Goa: IEEE, 2019. 1-5. [doi: 10.1109/ANTS
47819.2019.9118062]

4 TR, AN, 2T iR £ BD FignAS H9 MIMO W] it
BERS. LHTFHEAR, 2015, 35(23: 126-130. [doi: 10.19
453/j.cnki.1005-488x.2015.02.013] .

5 skt EHE %ﬁﬁﬁ%ﬁﬁéﬁ%ﬁ@ MIMO = 4 A] Il il
E ARG IR AL 752017, 43(3): 84-88. [doi: 10.3969/.
iss‘n.1000l3428.2017.03.015]

6 HUEE, TN, BI4RTE. T BD M £ 1 MIMO i
k. {5 8 TR R2E24R, 2010, 11(1): 7-10. [doi: 10.3969/
j-issn.1671-0673.2010.01.002]

7 SR, m i, ARSI TgmAD a9 MIMO H] WL IEAE R4

25 (A A e tE 4 M. 6 HL AR, 2020, 47(3): 190666. [doi: 10.

12086/0ee.2020.190666]

Zayani R, Roviras D. Low-complexity linear precoding for

low-PAPR massive MU-MIMO-OFDM downlink systems.

International Journal of Communication Systems, 2021,

34(12): e4889. [doi: 10.1002/dac.4889]

9 1= B, INBCHR, PR D, S — RISt 1 Bk 4K T G R A
. TEARE 5K, 2018, 502): 112—-117. [doi: 10.15961/
j-jsuese.201601413]

10 SRR, BOOE. —Fu& T2 " MIMO &GRS 2%
[ S-GMI-THP T i 5510 R AEAF S B S 72 b 5
HL, 2019, 36(7): 6-11. [doi: 10.19304/j.cnki.issn1000-7180.

o0

Software TechniquesAlgorithm #1F4i AR« 5%: 233

© TEREBIK R

http:/fwww.c-s-a.org.cn


http://dx.doi.org/10.12142/ZTETJ.202002003
http://dx.doi.org/10.1109/ICP46580.2020.9206488
http://dx.doi.org/10.1109/ICP46580.2020.9206488
http://dx.doi.org/10.1109/ICP46580.2020.9206488
http://dx.doi.org/10.1109/ANTS47819.2019.9118062
http://dx.doi.org/10.1109/ANTS47819.2019.9118062
http://dx.doi.org/10.19453/j.cnki.1005-488x.2015.02.013
http://dx.doi.org/10.19453/j.cnki.1005-488x.2015.02.013
http://dx.doi.org/10.3969/j.issn.1000-3428.2017.03.015
http://dx.doi.org/10.3969/j.issn.1000-3428.2017.03.015
http://dx.doi.org/10.3969/j.issn.1671-0673.2010.01.002
http://dx.doi.org/10.3969/j.issn.1671-0673.2010.01.002
http://dx.doi.org/10.12086/oee.2020.190666
http://dx.doi.org/10.12086/oee.2020.190666
http://dx.doi.org/10.1002/dac.4889
http://dx.doi.org/10.15961/j.jsuese.201601413
http://dx.doi.org/10.15961/j.jsuese.201601413
http://dx.doi.org/10.19304/j.cnki.issn1000-7180.2019.07.002
http://dx.doi.org/10.12142/ZTETJ.202002003
http://dx.doi.org/10.1109/ICP46580.2020.9206488
http://dx.doi.org/10.1109/ICP46580.2020.9206488
http://dx.doi.org/10.1109/ICP46580.2020.9206488
http://dx.doi.org/10.1109/ANTS47819.2019.9118062
http://dx.doi.org/10.1109/ANTS47819.2019.9118062
http://dx.doi.org/10.19453/j.cnki.1005-488x.2015.02.013
http://dx.doi.org/10.19453/j.cnki.1005-488x.2015.02.013
http://dx.doi.org/10.3969/j.issn.1000-3428.2017.03.015
http://dx.doi.org/10.3969/j.issn.1000-3428.2017.03.015
http://dx.doi.org/10.3969/j.issn.1671-0673.2010.01.002
http://dx.doi.org/10.3969/j.issn.1671-0673.2010.01.002
http://dx.doi.org/10.12086/oee.2020.190666
http://dx.doi.org/10.12086/oee.2020.190666
http://dx.doi.org/10.1002/dac.4889
http://dx.doi.org/10.15961/j.jsuese.201601413
http://dx.doi.org/10.15961/j.jsuese.201601413
http://dx.doi.org/10.19304/j.cnki.issn1000-7180.2019.07.002
http://www.c-s-a.org.cn

i E RSN

http://www.c-s-a.org.cn

20224F 55313 5121

2019.07.002]

Zhao S, Li QZ, Tian MX. Capacity-maximized transmitter

precoding for MU MIMO VLC systems with bounded

channel uncertainties. IEEE Systems Journal, 2020, 14(4):

5144-5147. [doi: 10.1109/JSYST.2020.2984692]

12 Chou CC, Wu JM. Low-complexity MIMO precoder design
with LDLH channel decomposition. 2011 IEEE International

1

—_

Conference on Communications. Kyoto: IEEE, 2011. 1-5. [doi:
10.1109/icc.2011.5963033]

13 Wu J, Fang S, Li L, et al. QR decomposition and Gram
Schmidt orthogonalization based low-complexity multi-user
MIMO precoding. Proceedings of the 10th International
Conference on Wireless Communications, Networking and
Mobile Computing. Beijing: IET, 2014. 61-66. [doi: 10.104
9/ic.2014.0074]

234 A ARH 1 Software TechniquesAlgorithm

14 ARfEE. Z2 I MIMO 5 45 b T 4% B A 240 IG5 2% B2 13
G R 4 AR B AT [ 0 2 AL S ] BES: LT R R
2015.

15 Zu KK, de Lamare RC, Haardt M. Generalized design of
low-complexity block diagonalization type precoding
algorithms for multiuser MIMO systems. IEEE Transactions
on Communications, 2013, 61(10): 4232-4242. [doi: 10.110
9/TCOMM.2013.090513.130038]

16 £ 2. b HER L HORTE TR & T RS b 0 B2 AR R,
2021, 54(1): 34-37. [doi: 10.3969/j.@sn:‘1002—0802.2021.01.
006] - :

17 EPER. % ot AR Choquet AN NS5 . 1081 A 4t
540, 2020, 34(4): 57-65.

(B e FhEHE)

© TEREBIK R

http:/fwww.c-s-a.org.cn


http://dx.doi.org/10.19304/j.cnki.issn1000-7180.2019.07.002
http://dx.doi.org/10.1109/JSYST.2020.2984692
http://dx.doi.org/10.1109/icc.2011.5963033
http://dx.doi.org/10.1049/ic.2014.0074
http://dx.doi.org/10.1049/ic.2014.0074
http://dx.doi.org/10.1109/TCOMM.2013.090513.130038
http://dx.doi.org/10.1109/TCOMM.2013.090513.130038
http://dx.doi.org/10.3969/j.issn.1002-0802.2021.01.006
http://dx.doi.org/10.3969/j.issn.1002-0802.2021.01.006
http://dx.doi.org/10.19304/j.cnki.issn1000-7180.2019.07.002
http://dx.doi.org/10.1109/JSYST.2020.2984692
http://dx.doi.org/10.1109/icc.2011.5963033
http://dx.doi.org/10.1049/ic.2014.0074
http://dx.doi.org/10.1049/ic.2014.0074
http://dx.doi.org/10.1109/TCOMM.2013.090513.130038
http://dx.doi.org/10.1109/TCOMM.2013.090513.130038
http://dx.doi.org/10.3969/j.issn.1002-0802.2021.01.006
http://dx.doi.org/10.3969/j.issn.1002-0802.2021.01.006
http://dx.doi.org/10.19304/j.cnki.issn1000-7180.2019.07.002
http://dx.doi.org/10.1109/JSYST.2020.2984692
http://dx.doi.org/10.1109/icc.2011.5963033
http://dx.doi.org/10.1049/ic.2014.0074
http://dx.doi.org/10.1049/ic.2014.0074
http://dx.doi.org/10.19304/j.cnki.issn1000-7180.2019.07.002
http://dx.doi.org/10.1109/JSYST.2020.2984692
http://dx.doi.org/10.1109/icc.2011.5963033
http://dx.doi.org/10.1049/ic.2014.0074
http://dx.doi.org/10.1049/ic.2014.0074
http://dx.doi.org/10.1109/TCOMM.2013.090513.130038
http://dx.doi.org/10.1109/TCOMM.2013.090513.130038
http://dx.doi.org/10.3969/j.issn.1002-0802.2021.01.006
http://dx.doi.org/10.3969/j.issn.1002-0802.2021.01.006
http://dx.doi.org/10.1109/TCOMM.2013.090513.130038
http://dx.doi.org/10.1109/TCOMM.2013.090513.130038
http://dx.doi.org/10.3969/j.issn.1002-0802.2021.01.006
http://dx.doi.org/10.3969/j.issn.1002-0802.2021.01.006
http://www.c-s-a.org.cn

	1 引    言
	2 系统模型
	3 BD预编码算法
	4 改进预编码算法
	5 性能分析与仿真
	5.1 复杂度分析
	5.2 容量分析
	5.3 误码率对比

	6 结论
	参考文献

