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The water-pouring principle capacity of S parameter conjugate
matched MIMO system

Zhang Yanhua Wu Cai Zhou Tao

(College of Computer and Information, Hohai University, Nanjing 211100, China)

Huang Liuqun

Abstract; Large-scale MIMO systems need multiple antennas in a limited space, which will inevitably introduce
coupling and will affect the performance of MIMO systems. This paper studies the Water-Pouring capacity of MIMO
systems based on S-parameters. Through the S-parameter network model, the Water-Pouring Principle is introduced on
the power distribution of the transmission end, and the capacity closure formula under different matching conditions is
derived. The capacity under different matching conditions of the receiver is simulated by Matlab, including: no
coupling, self-impedance matching, optimal matching. The results show that the introduction of the Water-Pouring
Principle maximizes the power of the transmission end and the system performance is greatly improved under the

condition of optimal conjugate matching at the receiving end.

Keywords: compact coupling; MIMO system; matching network; channel capacity

51

i 5G 15 R G KM MIMO £AR 142, = 5 5k
V22 F50 BHE 4 MIMO R4 R IFMH G, ZHA
FE B AR a0 0 oR FH 22 K AR A T sl A B il R
4t (SISO) . MIMO £ R K K48 & TEE AR, h L LE
15 ZRGe R (L T 0 4 1) I O o R BB A R L (R
RUEARME AR ERREZHRESTIARE, LR
T 350 H I T R I BELT R R 4 i A BELT B S DG B, A T o
Rer= R Y, R B A R A MIMO RS H Wi
Tk — P S SEUA T, ST 4% St 11 A8 0 A% i s o3 —
Pl Z ZHOYHTE, R B O BREMBRN X R, &
SCRHM S MG ik EHRARER L, k2]
{7 38 X AL St A AT BB LR B2 T — AN S S50

il

Wi H 3 . 2018-10

==}

LA SCHR [ 3-4 JF S8 AE ff A DT L 77 KT, R G R
Ko SLARRMBFFER Be T K L B T R0 1) A 15 0 #
23 S O LA R AR N A BV RE B2 WA 4 . RSO T 2 AT
WEFER T S S 800 45 452 750 73 A 7 DU S A9 A XRS5 LA K2
B, AF 5 AV PC 190 265 1A% i i ) 2 3R 2 T 2 0 T R G E
A B T O

1 ETF SSHH MIMO % % [T Fi W 25 1= 1§ 1& 5
1.1 HiEmEEERRRE .

W LT/ Srs Sk S 53 B2 K 2k 19 245 4 i 3 4
W 32 W S 6 TG I TR 246 AR 1 . S B UBF ST MIMO R 4%
Ak R T A X e AR DR 190 46 B3, TR0 A S 9 A R 5
W) KRR

¢« (3 o



842 % woF o

T # K

2

Y

B
53

11
Il

B 1

Ll
2]
Nzl

\a,
/\)\EZ
S 2 %504 Wi o G T ) 2% A5 7Y

b = Sa (D

R a IREASH R b BRI AR S H S B
IR0 244 5 I
Sk T 3 Ak AR 1 DA VB S 38 67 2 1 4 B Dy 3R L 1 B0

BeE| AVCEE % Sy & 1 AT

[;1 Sll Sl2 a,
_ |5 s J @
b, S, Sy a:
Hop AR 1A 2 3 AR R A A i L
ax = by .by = a, 3

A O R L VG I 190 46 2 T 5 B0 L R R G 4o
VLRt 0 o, = 0, R (2 A[15

b, =S, a, )
b, = S, a, 5
H1 S S 40 45 A5 R m]

/;R - };o+§RR (;R (6)
R OMRAXG6)

b, = S, by )
;H\:EP b EI]EJ‘%‘:{ZT‘BE

bR:boJrgRRg‘”al = a, (8)

BN (7) L (8) 4 3K i A% i 3 DT TS £ 280 A 5 9 2 3k 5L
b, 5‘7:

/;2 = §21 (Ifgme §11) ] [;o €))
B L B R ST R4 W B R AT R 4 Y IS R
ZH

S, — |5 S (10)
Skr Ske
AT A5 AR S5 B T O () R G ROA
by Str St (ar}
= |- _ (1D
br Skr Ske ar

T8 22 WA S R £ R ke 55 g TR 4k B L R BB T L T AR
. 64 o

Hgﬁiﬁ §TR =0 [“]a%ﬁ(ll)*nﬁ(g) HCX‘TEI’?%(‘ /;<> = §RT
ars MRAMAGHERIERRD .

b, =S, (I —SgS1)" Serar (12)
22 8 e AT i T 7 AR TR D) g AT o L A R R O
Ve =27,""S, (I —SpS,) " Sgrar+N (13)

== X

1.2 DUfL M2 us O e 5T 5 806 BE K %

ELA1 Sy 51 5 A4 N S, Sy = 17, 254 % 5
{8 43 (SVD) 1] 45

Sy = U11A22V{II
5‘12 = &11(1 - 2\22) 1/2{/2
(14)

521 = *E]zz(l *Iz\zz) 1/2‘:/{{1
g‘zz - 6227\]227‘:/;

R, U, =U, MV, =V,
1.3 JL#hE AT A B 45 4= =X

AT AT TC VR E I 45 %) PE e S ) Y R FE L AR S
ATCHE G I R G TERE™

D EHA L

I U 5 2k 2 (I A DS L R4 Sy ARSI

T, gll = gzz = 07512 = §21 - }’ AR — e B 2, =
1, D) gkt ) 55 T R

H = Sy (15)
2) B BH$T VL fid

AFLHCIC IR . S, = diag (Si) . fEHHER .

H =S, (I —Swdiag(Six)) " Ser (16)

3) 4 3 11 4L 455 IS fig
TE 20 DI SR IO S T, Sy = St (B4 IR -

H = §21 (I _gkk Sli’k)il §RT (17

2 IRECEMER MIMO REEESEEHESTT
ERAGBENRARIELIRE

TERZEERARE T, BEL Sy = Sk WRIE
K H:

2.1

HKAH"

o

I(Y;X) = log, +1 (18)

fh. H=H,:K, = E{X X"},
S A ) — M 0 A o A M B A AR A
T AL i 3 S B B B KK % I 942 55 i ) 2% B

APy =Tr(Ky) < P,.. HEEMS LG, RN ZE
HH



R FAT S Adey s ie MIMO 242 KE A

Py = H ar H P H Sirar H = a’rH a _S’I"I'H S ar
—_— N —~

X" A X

(19)

B BT R A H Py = Tr(KyA) < P WBEE
(A S
H KA H"
—
2.2 EFIFAEENEBERE

V7K S LA 20X IR A [ 55 3 4 25 1 A4 B K 2% 40 e AS
IR T L (30 25 A OO 43 i A 5 M A L R 22, )
WA LT 5 505538 DR 00 0 2 o OO 3 X — B RS A
VK s R — R B T R A D

~l

I(Y;X) = log, -+ 20)

GAD)]

K. A
- m,)
o

1) = ) log2<1 +
Kb A, W H H' BEER s v, TS A TA538 14 1
A, Dy, = M,

NS AR W N L E

HIbSR
M6*

K (A

Y= (22)

W Dy = My U My R R &

(GELP

M- 0_2 r—ptl1 l

—_ T (14 —

s ey o

USRS 5 9 4 25 2 580 W% 7%, =
0. 3 HLIEFTFH P 2. BRI 0009 T (300082 —
AR 07 e L ELU X B B 9 T 95
B R0 8985 10 5 A H T AR R 0 T
/51 SRR J7 R 5
3 HERESERSH

R T A 2 5 oy 25 R R 4 R L A% B o T R R B R
WENEBMEEE 1. 4R XA, HEBICE, 250
FLHIVCE LA B O T A & 45 R E 2 iR, MR
PE R R T X 4 o 1 R i AN L B 2
LHEVCEAE d < 0. 22 B P35 IR 52 F8-A 10 52 IR 2 1)
R PEWZE /N BE RO 1S B0 - WA RE s i & 1

ST b B A% K v 21 S R A 09 5 i 422 Ao 1 R 2R BE
WEBEARMIERS 1A, 2 N A 1Y, A BPTIC AL, £ i
G DG i JLFR RS O R 9 & i S5 SR A E 3 BR . BRifETE
KW EEETEEE KSR, ol WA W RS S
20 dB SNR Zefifi B, ImA KB RN A W B & T —BREA
B AL 0 O ILPEIC R A B .

4 7R T AL i o A IR R A Y R 8 MIMO %5 &

45 10 1

18

S

3

é

]

K10

R

= gL —— nmc(fBIEHEK)

—& mo(fBIETEK)
6L —— mesi(BIEHK)
0 0 .‘2 0.‘4 0 .I6 0.‘8 1 I.O 1 .IZ
KL% HE B /wavelengths

P2 T S s [A] B — > I e Wi [R] B AT 2

18
16
N
T 148
S12t
uE P
B0y
R —o— mesi(FRAEK)
B sl _|_nmc(f|ZIEE7K)
—z me(fBIEHEK)
6 —— mesi(fEIEHEK)
0 0;2 0,I4 O.‘6 0.‘8 1I .0 1 .‘2

REPE B /wavelengths
P 3 S S5 o ) BE AT A8 4 Wi o [F) B [ 5

IR TR AL A S B A0 L PERERUIR. SR GEIT
BE \ 1 BEATVE FE A K JEVE BE A 00 T B0 2 MR U A e (3L
Pe VT EC N BT A B o s BT A KE BT B0 T - £5  H
o 2% AR AR ) S A TP 2 D ARG P 6 bit/s/Hz, 284
AR JEE B0 2 17 5 I EL 254 e Wi o A A S S 0 5 PR 5 9 ef
o 2 i AR b R % R — v R 5 TR AR . A 8] /N T 0. 22
R o 0 A B Y R IR LR L A A BE R T 0. 54 I it £ 4%
AR HE A X T R REE JLF A AEAE

18

16 N\eaa g B ETEE R R Rt
2 14
£
0 — — nme(FRUEHEK)
&0 P —a— me(PRHEEK)
R —o— mesi(ArAEREK)
B 3 —— nmc(fEIEFEK)

—= mc(fBIEHK)
6 —>— mesi(fEIEEK)
0 0;2 0 ,I4 0 .‘6 0 ‘ 8 1 ,IO 1 .‘2
KR BE B /wavelengths
P& 4 F32 W oy R A fi o 8 T80
4 & ®

ARICAHT T 2X 2 MIMO R % 5 T 5 18 W ps 4L R, 3

¢« (5 o



842 % woF o

T # K

W T A BT 2 3% 1 MIMO 25 4 9 5 il _E X 4% i o

RGN A K EIRII, S T IA K E S WG &

BAR., FELEEN, TAKEHMSARESE ST

SO M RG A4k s — G BL R L # & 15 2R GE Mk RE R AR L

S E A SE 1 B P A X 28 a2 T A AR 4 52 i 5 O L@

i R AR A DT I5C 75 X AR % AR R B2 A AECRS 45 52 ) L IE 52

TRAEPIC R RS RS R RN IR . R

HEVCIC AR REAE AR O PR BE 4 T ZR e 2 ik L (ER AR ME 2 U HL

HEEEAR/NY A 58 A RESC I, AR R R, AR

SR 53 e 0% 16 328 5 25 B 1 B Eh B L /N SEBY JR BR A

S % 3k

[1] WALLACE J, JENSEN M. Mutual coupling in MIMO
wireless systems: A rigorous network theory analysis[ J].
IEEE Transactions
2004, 3(4).:1317-1325.

[2] JANKIRAMAN M. Space-time codes and MIMO
systems[ M|, Fitchburg: Artech House, 2004.

[3] FEIY Y., FANY]J, LAU BK, et al. Optimal single-

port matching impedance for capacity maximization in

on Wireless Communications,

compact MIMO arrays [ J ]. IEEE Transactions on
Antennas & Propagation, 2008, 56(11):3566-3575.
[4] LAU,B K, ANDERSEN, J B, MOLISCH A, et al.
Antenna matching for capacity maximization in
compact MIMO systems[ C]. Wireless Communication
Systems, 2006 3rd
IEEE, 2006.:253-257.
[5] SVANTESSON T, RANHEIM A. Mutual coupling effects

on the capacity of multielement antenna systems C]. IEEE

International Symposium on.

International Conference on Acoustics, Speech, and
Signal Processing, 2001. Proceedings. IEEE, 2001, 4.
2485-2488.

[6] JANASWAMY R. Effect of element mutual coupling
on the capacity of fixed length linear arrays[J]. IEEE
Antennas & Wireless Propagation Letters, 2002,
1(1):157-160.

[7] JUNGNICKEL V, POHL V, VON HELMOLT C.
Capacity of MIMO
antennas [ J ]. IEEE Communications Letters, 2003,
7(8):361-363.

[8] KRUSEVAC S M, KENNEDY R A, RAPAJIC P B.

systems with closely spaced

Effect of signal and noise mutual coupling on MIMO
channel capacity[ J]. Wireless Personal Communications,
2007, 40(3):317-328.
[9] ANDERSEN J B, LAU B K. On closely coupled
dipoles in a random field [J]. IEEE Antennas &
Wireless Propagation Letters, 2006, 5(1):73-75.
BALANIS C A. Antenna theory: Analysis and design[ M.
New York: Harper& Row, 1982.
WALDSCHMIDT C, HAGEN ] V, WIESBECK W.
Influence and modelling of mutual coupling in MIMO
IEEE Antennas and

[10]
[11]
and diversity systems [ C ]
Propagation Society International Symposium. IEEE,
2002,3.190-193.
ZHANG ],
compact MIMO antenna arrays based on network
theory [ C ] 2009
Wireless Communications,
Computing. IEEE, 2009, 2. 1314-1318.
ZHANG J, ZHU H B, CAI Y. Capacity analysis of
compact MIMO system [ C] 2009 15th Asia-Pacific
IEEE Press, 2009.

[12] ZHU H B. Performance analysis on
5th International Conference on

Networking and Mobile

[13]

Conference on Communications.
1-5.
[14] LUSY, HUI H T, BIALKOWSKI M E, et al. The
effect of antenna mutual coupling on channel estimation
of MIMO-OFDM systems [ C] 2007 IEEE Antennas
and Propagation Society International

IEEE, 2007, 6. 2703-2706.
WALLACE J] W, JENSEN M A. Impact of antenna

Symposium.

[15]
coupling on diversity performance: complete network
theory analysis[ C] IEEE International Conference on

Communications. IEEE, 2004,2. 947-951.

E& &

SR L, FE MO 0 O B A MIMO & 484 fig
W5
E-mail: 2863049377@qq.com

KI5 WA FEBFF T 0 8 KA MIMO ({7 18 587
o

B W5 BRI T7 W O R MIMO 7 18 #E #Y
W

BEB VA TR N FPGA 5 R G A



