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Abstract

The transmission rate is increasing due to the video data information are
transmitted through the mobile communication system. In order to satisfy the
requirement of high transmission rate, the Multiple-input Multiple-ouput (MIMO)
were invented. The spectral efficiency had great improvement in MIMO system.
There are lots of studies on how to improve the performance of MIMO system.

The space time block code is one of the studies. The performance of the
golden code and perfect space time code versus Gaussian Random dispersion code
are discussed in this thesis. The sphere decoder which is tree search algorithm
is used to decode the code.

The golden code and-the-Gaussian random code had almost the same performance
during low SNR. As the SNR increasing, the code error rate of the golden code
had better performance than the Gaussian code. This is because the golden code
1s optimal. Because the 4X4 perfect space-time block code was not optimal, the
Gaussian random linear dispersion code had better performance than the perfect
space-time block code in low SNR. There was an intersection between the codeword
error rate from 10°to 10™,10°. As the SNR increasing, the code error rate of

the perfect space-time block code was much lower than the Gaussian random code.
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Multi Input Multi output (MIMO) % (iR ien@m sy > & FBR @ sen
Single Input Single Output (SISO),x %t » = % 2 & g o MIMO % .?Vitt@ﬁi%]z#ﬂfr#%
Joxg i B R A F O F B RE AT 3 AL SISOk SLenE R @ﬂi%]f;‘ o F) P REF AT
4 DB AT E b N B o MIMO AT e AR F o A RAEA]BF T b
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o g A g Roe H P pie B S B b s A K L ERIASK
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= : + (2)
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Hi-#Hz 30t ? AFEE ¢ BB e - dEgnmnst
(drill FRPE2 FERERE ) NI BTEAEE LS o~ [ ET30@ 5 R
(zero mean)?® M= ® 4p & & i (independent and identically distributed) (i.i.d)

AF #c B P40 L (complex Gaussian random matrix) o N H#_i.1.d. B #rign4Erd o

2.2. MIMO % = P
Poav MIMO Hats g iZcnig * & p w2 ARkefE * 254 K+ > 4o: CDMA-2000,
W-CDMA, Long Term Evolution(LTE)(4G), IEEE 802. 11n(WiFi), RFID, #ci= fe -3
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2.3 Alamouti ¥ % 75
(1] &P FPIAI-fAX; R 2R REFAAEY RnE 3N Fr e

Fep 3 M Ti(correlation) Bl AL B 47 MIMO & Sveage il 3 - 14 % 8 0 e s e ®
g e pE g D v MIMO 4 ok B TR o B oF AR 2 o BT L AT
B g ok e 0 03 HAIE R ens N R E R @S R 2 2 53 E (power
gain) s B HELing - BE AMES ERAFREABFAPE 2B HE LR
- i # 5.(Binary Phase Shift Keying, BPSK) % <~ » 5 47 f24-(Quadrature
Amplitude Modulation, QAM)X% A 2 (Quadrature Phase Shift Keying, QPSK) % 7 -
T AR R AT B B S R B AE - BIRA o Wb iht e gl
I EUT i S 2 D 3 R slg (STBC) ~ pE g # 4B (space-time trellis code,
STTC) ~ F* 7 i ¥ & & 75 (space-time turbo trellis code) ™ % & 78 i 7 45 (layered
space-time(LST) code) % % -

Alamouti 2B E 2 BRHGEY > B 5 @ * A 0@ 1 & > & 7 2 758 ¥ (code
rate) 5 1 g > EF AP k4% Alanouti PF 5 /5 hih g o

B 2 5 Alamouti P& % %G en™ BUE > Bk @ * M-ary 3 84850 0 %8 Bas -
BEe? nBFLEAFARAE M = log, N> RiEhRBERS BARLE 1, 1,

HE B (7SBS0 T T R T g AR ()P 6P| B X A
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X
x = |7 7{3} (3)
Lo

bA BRFNRERE > RBFAWIAD A BREIABE > V- BRET
By, LUWFREANd AR #AR2 B RFLY - BOERD ARy,

Wl X AL Wi By M M2 @i B Yy Ay e deaf e (complex

conjugate) °
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Encoder

[nformation [r1x3] . .
‘ Modulator ™ 1 0] Yooo-x
Source 142

A 4

— b 36

B 2 Alamouti P¥ 7% %hig B = HLHE)

2.4 AL~ 3¢5 (linear dispersion code, LD codes)

7] &30 % @;ﬁg?lff adict AR fF AR pE > V-BLAST AR 2P B 5 247 ek
PE BEDGBRRE N B R - RAmBED o hapf o B A FREIR
B BB X Alcd pF oo V-BLAST fi‘uﬁ Ab s 4 T e IR ISR NEE RS Ak

b £ HBEE i ¥ A+ S (base station)FEG 9% AficE ¢ £ 8 (handset) 7 o { i&

%A g B b & V-BIASE A M 5 {33 S BE A b TR A AR R
TRBREFRIHIAND BE TRTVERE RRE Y - 2 5 ’”ﬁ’\’a\“: PFEAREL L%k

FAsrr s fA I e e R G WS A TN S ¥ LF R T

Pl M o T [T FdipE @ TME] FROPIRAWEFEG LmBRey

felhenigpgl > @ ¢ &5 V-BLAST &3 i 7 l@ﬁ&] FPefR g H i o LT B AT
BEPBFERAT AR o BT TR AR Y A e bR I TR

B SRS ATRT o MM AT G T R
(a) & 7 V-BLAST ™ 2 P& 7 % 54§ -
(b) 5§11} cheh fdsg -
(c) P * AiZ T niBiE ~ e b o

(d) + 4 F % %fs o



(e) ¥ 17 5 it f 8 cnslUlh S ok 57 K j2A5 o B 4o @ V-BLAST ~ 3% 3} 245 -
GRS TEES SILETFNISET S 3
(@) 3 B A0 e i 1 (R0 T g AR AR 3 B - (0% 2 RO 23

B4 (Mutual information) o

2.5, XEPFLAE
REPF AL gne ¢ Eala- BT L MIMO i seerprf o 2 AE e &
A& ik #c(cyclicalgebra) > * &% 2,3, 4, 61REBHA MR L - MxM chz £ g5z
FHAB IR REBEFL G TR
(a)% st * QM & 2 HEX P i S 855> @ E - BRI ML
(linear dispersion)#s °
() 578 s | 7705357 3 R 0 2 J= S0 o » 72 W2 X 7 5] 3t

ek v

‘?2\

(non-vanishing determinant) - H ¥ & & 75 i 0¥ 12 i
B-EAL R
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DESR S TRV L AR £ Rl

(Dl FwR? > 5 - TIALEF - RenT2RER T - - FeAss
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- 325
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5 | ialc + d0) ala + b)

1+ +/5
Et’a’b’c’d’;K{J&EﬁM—QAM.&@B&%ﬂéﬁ?ﬁ%’9: \/_

2
5=1_2\/g’a=1+1'—1'6”5=1+j—j§o

b

RANPRAE 4

ga-brcd

Y
a1

€]

(10)

d (10) » =L+ uprin s 8 - a(unitary) > Flt 2 & (c) »
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2.7. 4X4 =2 P2 75

dole 22 X 2% £ ko] &[] 44 R E P RHAEY > & F QA chEELK

eiF B o T ARATE S F=Q()) ¢ £ 0=§15+§1;1:2cos(i75[) k=030 5 (i)
Q(0) e & - d 20 p(15)=8 [Q(0):Q|=4 > 12+ [Q(i,0):Q(i)]=4 - Q(0) 2%

F5 11250 B P8 5 py(X)= X X2 —4XZ 44X +1 o K/Q(i) et # 2 d

. =] 2 25,
01615 +615 F G5+ 805 E

ek i A

T B P RTNL[] B A

v ={(1—3i)+i92,(1-3i)9+i93, —i+(=3+4i)0+(1-0)6°, (-1+i)—-30+6* +93} -

Fpt T U B 0T AXA Skl B
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R, =

1 n
E(Gﬁ (Vk ))k,/=l
0.2582+0.873i 0.2582-0.3122i 0.2582-0.7633i  0.2582+0.2136i
B 0.4718+0.1596i 0.3455-0.4178i —-0.0540+0.1596i —0.5051-0.4178i
~10.1596+0.0540i —0.4178+0.5051i 0.1596—0.4718i —0.4178—0.3455i
0.7633+0.2581 —0.2136+0.2582i —0.0873+0.2582i 0.3122+0.2582i

8. B AT ML 4T

AMIMOAS e * > F @ X B i n il D ATHE? GEmE, hig v

R AT S 0 RELAREAATE 0 T LA AT

nT
CL-a G
i=1

2 a; = Wz M -ary QAM PR Ci gvf?‘g\.ﬁq:;gki s HIg 4 d ETaE e E AR i
Bt Vb 2 AF B RS Rl S o

BERREATHFE A FZBIRER 0 U E IS pF Y R B %r’*n"v—:‘;i,
AR RHEE > L ANT hZ B IR NP 2 FITERE L VI T R
RS E Bt B WBBR T IRE ~ Boh R iR - T
R =* | ’}]}“ i‘%*i‘{%‘~ih'§$ﬁim¢—iﬁi v RAE D] o] 1 RS AR FE R 1Y
B \G A\ A SO ) il
WA REDEAGL AT A BEE > FPRBBFREY EEF AL SRR en FR
iﬁgﬁi‘?ﬁt °
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Z o HUBRENIRRE R

WA AT P o - e TR B R R 0 & B R R4 @

~ 5f

v

W

FHTUEL 0§ 3 5 A AT g o B[2]¢ Mg R @k E 4

v Fisg 3 F A4 5 Babai-fRl(Babal estimate) o il 3 e o ff&»{ ‘

£

% it (zero-forcing equalization) e

2. # % EaB ) (Nullingand cancelling) - ## = = ¢ > Babal | A @ * A s
H S - ;'i*u%b)v— TS o AR SRR & & Aro ARG H P MBI 7T F0E
PR B BT A A B Y Al Ml e B A AR s, 58 BB TR b

WM baniiZ o iﬁiﬂki‘i it (decision-feedback equalization) °
3. EhEICHEAR AT ERY o 3R E € X @R (error

propagation)” éFl3f o 4ok — B 4 s, o iR EopFE oS AR riks,, s, ¥ &30

ETIN

ES VR 2

TR AR BRI R F OB R T B33 B (T S

BB o gt ALY & V-BLAST + -

3.1. QR & iz

gm

TR RIS E - BR RGP H S
P H#E S L1 2 o 7@ * Gram-Schmit & 2 v e07 & > $3raei H h7)

H=[h,.h]&F QR4 #a #F 3 H=QR> & ¥ Q=[q,,...,q ] 7| Ed Hehs 3 B4R R
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it LA K A RPIAD 2 bR B AR AR S a0t 2 £4) 0 T R eE A3

E’z'Jj?%‘{F’;\:ﬁ,j:qi*hj °

Algorithm: Classical Gram-Schmidt
1 for k fromlto K do

2 v, =h,

3 for Ifrom1lto k-1 do

4 he=ah,

5 Ve =V, —1,q

6 end

7 i =[]

8 O =Vi /1

9 end

B 3 &% Gram-Schmidt QR 4 f#
@ seerGram-Schmidt AL A@HEe, 7 A LTS Bk -~ d
FpOCUR AR R B e PR A g S el @2 R T o - o HAELF G e T

/‘)7§ - Fv ud His f—?ﬁﬂfﬁ]@g:pbhﬁ#g\, ) ;,‘}, R ed® 3 3N o d AN AR MR R iE

Wi
W

ACESOIE L4 BEE SR TR E IS I = S N T

P nd Ak b R R eny gk © AR At o 3 R QR A R R 2 28]
¢oF D At o L w B 2 AT 2 % Gram-Schmidt iF B F Kk R B AR

7 74k FEeh ] o
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3.2 EHEBILHRE

a2 BEPEREITHS R (lattice point) #2¥ e a[4]7 &
B NPT L BTR AR B AR E R o AR/ AARELAHE
APREBANY R CEF O F e E e s B x E P e s d X Eamp 0 2 FY
TF RS IRFERIPN SR EseZ" o B Bl S HREY FHEBRTOLER AP
0 EFIIRY B RTON R 2 g AF B L BRI R4Y T Il

E SRS TN SRAER T R S

W 4 2k 3R AL R

FaLL L agd o B g a BRSO

. Az @d?E&p e ok EH oL ad s o EHFFR 2 mwﬁ%fg
x5 Fplad éﬁgm&?E#ﬁ&ﬁ%okﬁﬁw%%gﬁﬁﬂﬁd%+’ﬁg
I e 7 AEFRP P FE AT A g fE e
ﬂ&ﬂﬂ~@m%fm%%m1wﬂ w2 X L@%ﬁ%%ﬁﬁﬁﬁﬁd’gﬁi

d ZHX—Hgs

P F T RS G - B R ARF RO RPN o AR

gt SR B RBEEEE T L S LR AMETR N o

2. el MR PRGN SR BT AIEF IR VRK D 2 0 r«,X~HSﬂ’ﬁ

%

,5’}? LZ’E’ %\i‘riﬁpﬁfiﬁii e ﬁii‘ EIE ’fx 2 HS/ J‘l X ?7* ]}ﬂ.u ’ ’{3:‘7 d m:}%'ze Tﬁ
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d22||x—Hs||2 (11)

OB REETEAPRY A4l EY ARENQRAFE BEELHEF QR A

R
H =Q[O } (12)

29 ReR™ 5 1z & pu ol i L 2 Q e Q, £

2w

7 QB F4m

(14)
(15)
(16)
:Eré ri’j%\’fl“R— i (L ()T 2%
. 2 2
d*> (ym - r-m,msm) + ( Y1 = ToamSm — rm—1,m—1sm—1) e (18)
-9 EE)

P H-mWrs Ao B o {s,,S, AR FetdEde o d 2V v Hs

BADF RPN DS RAEE S A7 2 (Y N pSy) 0 # GRS, S BT AREP

{—d_+w <5 < {MJ o)
I r

m,m m,m
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B [X]27F AR E0 XS RBIRG [ X] 25 200 200 x e R BRI o

AR RFPMET-s B8 2&d, =d?—(y, -1, .S.) %

m-1 " m,m>m

F_

Yotm = Y1 —TnanSe * %S, EF 2 B3 > FES LG AT AR o

-1,m°m m

dm 1 + ym 1m dm 1 + ym m (20)
o1
rm r-m—l,m—l

£ R 2 S
o AEE P g,
ThA) R ¢ i e L8 F P
RN 45 <0
i o 4ol en

, R
—5‘}\._

k=2 m=4

k=3

Bl b = Va;ﬁﬁj—;{%&’%’ ﬁhﬁ'aﬂs 1%,,!;1@.7‘1- i )



3.3. A EmIFE 2

i ILE R A
() #4211 Q =[Q, Q,] R x y=Qx d-®xk=m
dn12 zdz_HQ;XHZ ’ ym|m+1=ym °

(b) % 2 UB(s,) = I_(dk + yk|k+1)/rk,kj * S = R_dl; + yka+1)/rk,k—‘ -1

(c) s, =8 +1 > x¢f

(d) kK =4k +152
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k=m

Input

Hx.d ym|m+1 ym

A 4

UB(SR) = |_(dk + yk|k+1)/ rk‘kJ

S = |—(_d|‘< + yk|k+1)/rk‘k-|_1

Yigeor = Y = i S

2 _ 42 2
¢ = dica = ez = eninSea)

yes

Output S'and

|

d?—d?+(y,—1,8)°

Terminal Program

B 6 2k %45 Bix 5 242 H
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3. 4. AFHIRA[245

R R R IR ARG S N Aok B R Y AT BCOUELEF > T R SO
i3 5 9 % (real part)®? me%(imaginary part) > AL 5 d & Bib> 0 Bl gile 2 > %
BB KT B EE AR A 72 ¢ RED B S o AF BT NIMO

dET AT A
p i\ (21)
#-(19) & A Bl Bk % 5 F By

YR :|:R(Yc):|1 HR :[R(Hc) I (Hc):|’ XR :|:R(Xc)il’ NR :|:R(Nc)j|
(Y) I(H) R(H.) I(X,) I(N,)

HY R(X) % 7 Podf e B X7 3w £ 5 1(X) & 7 Bodidice £ X m e £ o

R(Yc) _ R(Hc) _I(Hc) R(X) R(Nc)
10 TH ) RHD) Lo [Ty

Bl b A BB ACA e A F Bl A (S o T o A sk A iR Bt > 5

(19)F 114 77 &

B ek EfE 0 L - Bl 5 E 2R R A AT BCUEL Aot - ko TR A B
ﬁ;’&"% o:(ﬁx;'j_!’ ﬁjéi/{ih? lzﬁ%“)—;ilj%lﬁ_«k ,J» ﬁ’]% L Hc_)HR 5 g%g\}%‘! ﬂkrj’]r:ﬁ ]—- ) ‘}JILL
B2 WFFES a3 B d RADONRS2N, > FRAFRAET 40 78

AR RIEE SRS 1Al N TR S E L

3.5. 3+ ¥ MIMO iZ i # < Eb/NO

¥ T A MINO i

Y = JEXHX +W
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