International Journal of Science and Engineering Vol.4 No.1(2014):297-300

297

R (EThAREE 7 Z AR SRS T 2x2 B2 Axd4 BEUR MRS TASZ
B5E

PREE ~ SR
EhE2 Pl oS L AR E N

= A BfISHEHESE Alamouti FYZZHHE
PRHE(space frequency block coding,SFBC){E 2x2 W%
5 A (Multi-input Multi-output, MIMO) 24 &1 1%
R 4G E a5 RIS IS B B E T2k (peak to average
power ratio, PAPR)HNAVEREL » JRHEIERIRY SFBC
REE(E PAPR  #£ 4x4 NS T » IRBREINETETE
(diversity) R (rate) (IR » IRIMEIEREER EHE
B BB (Quasi-orthogonal SFBC, QOSFBC) » Dl K ¥
SFBC Hi§F R #afH 25 4 S F5 fiif (Frequency Switched
Transmit Diversity, FSTD) Zk % =& H PAPR Ei
BLER(Block Error Rate)3jgE - *

—~  fEN

3GPP LTE/LTE-Advanced 5 FH B 4 98% T1%
HY(Single-Carrier FDMA, SC-FDMA){E £y 1T HiES e
o 25 R 45 (g A2 TR FH Y [E5 77 €5 (Transmit Diversity)
77 =0 & & Alamouti 75 Z [1] » [2] ° Cyclic Delay
Diversity(CDD)[2] K #8 3% %X #: {& & 47 #& Frequency
Switched Transmit Diversity(FSTD)[2] > 1F R fR (S R 47
W& AN %77 Alamouti 772 >
Alamouti 77 Z& H 5 g & 30K 27 18 1 & R BUE ARG T T
4R HETE > ke e & B (space frequency block coding,
SFBC) » ZA1f SFBC ¥ T R A HStaV4EHE - BEET
{E T L (peak to average power ratio, PAPR) % fij Ay i

TERP AR EER GBI T » E45HY Alamouti 4FHEJ7
A A R 3 EAE BUEACEET ~ 243 %(full diversity) 1
AR (Tull rate) Y ERFR[3] o i [4181 3 PURR i K43 LUK
LR I A Y R R B B Y 8 T A 22 A & B AR (Quiasi-
orthogonal SFBC, QOSFBC)4mtE /5=, » HE 75 4 HR{H it
EEER| R > FFEA S PAPR HUGREL - FE[5]H /48
TEVURR iR 4apiE4E & SFBC HASERAT A5 S0 1T
(Frequency Switched Transmit Diversity, FSTD) J&f £
TR R 4R - IR T T @ BIESE T - BEAEY
% (HEAER| 2R H A S PAPR HYGE: -

R B g o RO E R R GEER T - 1
AT Ry B R ] 2 HRARA T - I i3
P PAPR (Y7718 B IE R Z2 AR RS o A » 3k
TIESEhY 2x2 BRSO Sy A0 26 T {dig 45T sml (. PAPR
PERISAH S - Wik HE IER ARG BRI L Alamouti

ARBRSE BRI E B - SHEARSE NSC 101-2221-E-011-073 - (HY
PR B e A RN HAL).

Corresponding author:m10007617 @mail.ntust.edu.tw
DOI:10.6159/1JSE.2014.(4-1).76

K Yan FRH Ry ZE SRR AR IS [6] (bl » HIURHR HAvE
TERIZZ SRS BRIEFE Y x4 BHEN 2 HE 2 T8 24000
1 QOSFBC K454 SFBC EHi FSTD my4mbls =U/ERLE
B o e S @miE T A 2 B R ERET
PAPR B2 BLER(Block Error Rate) 731 -

= RApEE

Subcarrier N-IDFT
2| Mapping A
' T 1

Q
Turbo QPSK . SFBC 1 i T
coder Map. MDET IR pocoder ' | H I Txk =
| L
| Subcarrier - %
Mapping NIDFT g
v
Rx 1 Bé
Subcarrier N.DFT ! %
De-mapping !
Tubo QPSK SFBC !
M-DFT T
decoder [€ De-map. €] € Decoder
Rxk
Subcarrier
De-mapping N-DFT

— S AR RS T ARG

& — A5 2% &l Adg H (Multi-input Multi-output, MIMO)
A 2 A5 16 1 4 85 BELFIORZ 0 P 20 {5 S 4R 2R it - [l
KFERKRGEH - BRHEL 2 M B DFT(Discrete Fourier
Transform) itz iy Eig=RsE X 41F

X=[x,..., %Xy ] (1)

1 (1)FNE S SFBC Gt )5 =il LG B4 FIHYRER -
EF o BHTITE o UM 4B RIR (R 4R
(K=2) e PUAR [ R AR (K=4) Y ZE S SR AR S 15 T

2.1 Alamouti ZZJEIEBRAE
£ 2x2 ZERRIE SRS SHO R % TR0t B2
AR S R 4R DL S IR BSR4 » o Alamouti 25 B l&
SRARAE 7 =05 B R (B E R 5 —4H A 4R S > 41(2)

Xflamouti — [X11 XZ]
XzAlamouti — [Xz’_XI]
Hop X, BB K IR RGH95% 0 () Rt
R ©
PETAREVEITTIR Xy, Xy, - - - FERELUE R E TSR B —
SHLAQ)HY T TR -

)



298 International Journal of Science and Engineering

2.2 Yan ZZ5gIE DS
Yan 1£ 2x2 ZEAHIESRTS BEEOK 742 T 2G4
HIR[ER Alamouti FY4RES 772t 40(3)
X =[X,,..., X
S o

X = [ =Xy s e or=Xag s Xe yeees Xog 0]
Bl Alamouti 455 7 = ELEA#KAY PAPR[6] -

2.3 QOSFBC
TE[B] $14F 4 AR EHfim R 4R E2 HHAY QOSFBC 4wt /=t
DIEFVU(E TS B4 ERIBAHS © 40(4)
X255 =%y, %50 %5, X, ]
XFOFEC =%y, =X, =%, %]
XSO = [Xg, X0 =%, =X, ]

X4QOSFBC = [X4 ) _X;v X5 _XI]

(4)

A FLAERE T ACEI TS X X Xy s Xg - FIEELATIE
P By 4L DL (AT R HETARTS © QOSFBC 4RSS
AT LUEEI 2R - [HRMERE S5 -

2.4 454 SFBC B2 FSTD
FE[R]THEEINY FSTD J57k Rl B 2K B} 73 B B0 73 31E
Wi 25 [RIHSH B (8 - For 7 (40(5)

X]l-:STD — [X(l) O ]
XFSTD _ [O X(Z)] (5)
FSTD _
o XU o X@ s mim ttdzort X g st

o 210 B Ry R FEAHE A (A & -

TE[S]42H SFBC Bl FSTD 45& fE FIAE VIR R AR AT SRS
J72K 0 K Alamouti ZESHIEBRIEAS S ARSI L T Y
PURR R R 4R T

XlAIamouti/FSTD — [Xi, X;,..., XL_l, XI,O, ) ..,O ]
XM — [ X\, X, =X 4, 0,...,0]

Alamouti/FSTD __ * *
X3 =[0,...,0, X 1 X oo s Xpps X ]

Alamouti/FSTD * *
X, =[0,...,0, X5y =X qre-er Xy s —Xp1 1]

(6)

— ~

BEREHERRSET A

3.1 BIERZEEERES
Jh 2x2 ZEBHIE SRS SO 1R % TR THE A
ZEHAE BRGNS - RS EEIFE(E PAPR (sG> &
F[TIHITE T AR R G — SRS FEY 1 7 =& E K I 4AE
SREVEEZI T > a0(1) - EREAVEEY T g A R Ry
PAPR -

\

BAFIETam R G YRS TT 20E R (8 (S T 9 s — A R
POE IR TSR RS 2 L (ST R f—H B EH
P70 Ho L R EnrrafB A my 12 - DL (@6
BT R — SRV R AR — R J77EH0(7)

X proposed — [ X proposed (1) X proposed (2) ] (7)
2

e X PP gy XPOPO® et 2 L BT -
DAL S0 ot B — AL BT A ac b e =
- 10(8)
Xg :[XL’XL—l""’XZ’Xl’XM’XM—l""’XL+1]
X5 =Xy s Xy greees Xoeee Xy X, ] ®)
X5 =X g XUiareeos Xy s Xy s Xgyee e X ]
I R (8) I A LW R B SR Al & BB X R &

RHaaT > 5 E IR E R ARAT S TE AR 22 SR SR 4R 5
40(9)

leroposedA — [X1 yeees Xy ]

X [ K,y X g Xy 11 XL
X Proposed® [ L%y, ]
XEroPOSE X X ey =X e — X5, X, ]
XProposedC [y Xy ]
X;mposedc = [_Xi+1v_xz+2""'_x*"/' ’XI’ X;WX;:]
©)

Hep(9)xArhry4miB 70 C BAG){HY Yan ZEAHlEBR5
& > BRI LA 520 AR B 1F R MR IR ZE 0
ERBEES

3.2 BIEREERZEREIINS

£ 4x4 ZESHIE RIS O 302 T &4 - BTE
o $t $ 2 B e AR R HY QOSFBC {FEIE @ [N K
QOSFBC [FAlfEt A PAPR E=HYHEL - AT AR EAE
MAITIRIRT T A - R AR — ] E Fo R AA H 2EER 5 DA
PRIFIR(RAY PAPR « fERGR " ~ = ~ TUAYHRSITT3E
FERMIRAE)APHya~ b ¢ =TT PUARR
EREIVHEFIEE - PRI AR aat R A - hO ASLEE
B SR ST B IEAYHY QOSFBC » 411(10)

X=X, Xy ]
Xz :[—X:,Xi_l,...,—XZ,XI,—X:A 'X:A—l’---’x;l]
Xy =X Xiaareor Xons X0 X X ]
Xy ==X Xy greeer =X e = X5, X ]
(10)



00000000DDOOOD0O0002x2044000000000000 299

3.3 BIERZEHERBAESHRTREETE
HRBFISTEHE 44 Z 8P E R 2 SRS T 2K
EIE - FATRFO) = HYE IR ZE SRR RS U (6) =
Alamouti ZEFHIEBEEBAYEL 7Y > 1S EIE LRI ZE A RS
EEETARIRE A Y B RIE TR - DRIET A Ky
Bl - SEE IR H R o AR AT VIR R AR E S RS 7 2
w1(11)

A/FSTD
Xl

=%, %X, X4, %, 0,...,0]

XAFTO [ X e =X X100, 0]

A/FSTD (11)
X5 =[0,...,0, X1 X_0s--s Xpp 1 Xp ]

A/FSTD __ * * *
X, =[0,...,0, =Xy, Xy gs---» X 1]

591 Yan Hygmts 5 UEME IE R Gmtfs 53 B tLLUARREIRY T
TGS G PR AR SR B o7 SR 15 B IR K &R By gk 51 5
# o

g~ RS R T

eI HOVE R ZEIHE SRR 2x2 K&
Ax4 W ERHOR 1R ZS T 2400081 Alamouti 2= AR SRS LA
K Yan ZefEIEBEEERY PAPR K BLER(BIt Block Error
Rate)ff{LLEL » 2x2 ZHAAVIEEESEL[E][6] » 4x4 Z&iHIME
2R 2#6] » WKERENE T UMk - % |/ PAPR
B £ 2x2 Z2%iH M=60 > 4x4 Z%4iH M=120 -
# 1 BLER S > 11 2x2 2478 M=12 > 4x4 24
th M=24 -

=1
PAPR 5528
2H BE
System SC-FDMA
Subcarrier Mapping LFDMA
Modulation QPSK
DFT(M) 60/120
IDFT(N) 1024
%1
BLER 2
el BE
Carrier frequency 2.0GHz

Transmission bandwidth 10 MHz(IFFT size N=1024)

TTI length 1.0 ms (i.e. 1 subframe or 2 slots)
DFT size(M) 12/24
Modulation QPSK
Channel coding Turbo encoding with rate of 1/2
Subcarrier mapping Localized
Spatial Channel model 3GPP SCME with fixed
parameters
Scenario Urban macro (NLOS)
Velocity 30 kmph

Channel Estimation
MIMO receiver
Turbo decoder

Perfect channel estimation
MMSE receiver
Linear-log-MAP (i.e. MAX-log-
MAP plus linear correction
function) with 8 iterations.
The total received power per
receive antenna to the noise power
ratio in frequency domain.
Antennas at Mobile Station(MS)
with 0.5 wavelength spacing.
Antennas at Base station(BS) with
10 wavelengths spacing

Definition of SNR

Antenna configurations

M
2 ﬂﬁ

=3
it
o
i
& 5
o % iy
& % kY
& 10 )
o
[ 8 &
[ —&—Tx1 Alamouti 'Fa -4
r| —B—Tx1Yan ‘I‘JI% \_&h
H —F—Tx1 Proposed A 71%
Tx1 Proposed B % ﬁ%
10° ' ' =
3 4 5 6 7 8 9 10

PAPRO(dB)

B = 2x2 28 RG—H) PAPR 3AEH]

o,

= :
I L
E L ——
Y
e
5 k[ LY
Ed L
L T % Q%ﬁ
T2 e
& 1 e i
, : Y %
[| —&— Tx2 Alamouti "fo iyl s
H —=—Tx2 Yan b %
H —f— Tx2 ProposedA 5
Tx2 Proposed B Lﬁjﬂ
10\-’ T T IIEI
3 4 5 G 7 g 9 10

PAPRO(dB)

B = 2x2 %4 hR4E 8 PAPRHEEE

1E 2x2 &4 BPEHR ARG —BLRAE AE
PAPR (IR L BB EHEE Alamouti 4RH5 - 75 K4 8l
Yan HY4RI5 T ZAHLE > IRV A PAPR (KA Yan
HI4mIE &Y 0.5 dB -

10°

BLER
2

10° NN
—&— Alamouti [teration#8 el
—H&—Yan lteration#8
—t—Proposed A lteration#3
Proposed B lteration#8
1[]4 T T
-2 0 2 4 6 8 10

SNR(dB)
2x2 Z &R BLER RgERE
PO ch g 5 1070 Bk o ff BLER MY£H
I MR AT T AL Alamouti 89/ 0.3 dB YRS - 5
Yan &Rt 4F 0.2 dB HIESS -



300 International Journal of Science and Engineering

X

Pr{PAPR>PAPRO)

3 %
10" H —+— Tx1 QOSFBC &
Tx3 QOSFBC a,s‘
| —&— Tx1&Tx3 Proposed QOSFB A -
| —B— Tx1&Tx3 Alamouti/FSTD iy ué‘ -
—&—Tx1&Tx3 Yan/FSTD 3
Tx1&Tx3 ProposedA/FSTD & é‘ S{%
. —=— Tx1&Tx3 ProposedB/FSTD %:Y— % S%;
10’ I I Y
4 ] 6 7 8 9 10
PAPRO(dB)

[ x4 2 REG— R EG=HY PAPR SUREHE

X
ff!ﬁ

e
L F?F

=) L -
H 558 %
@ LI
& 'z %
& Ay
& 4 hi
o iy L
2 5
107 H —+—Tx2 QOSFBC Th + %
Tx4 QOSFBC i " e
—&— Tx2&Tx4 Proposed QOSFB ‘E \':I:I ﬂgﬁ\
—F— Tx2&Tx4 Alamouti/FSTD % & 1

—5— Tx2&Tx4 Yan/FSTD
Tx28&Tx4 Proposed A/FSTD
—4—Tx2&Tx4 Proposed B/FSTD
T I L] A
5 6 7 3 9 10
PAPRO(dB)

B 7\4x4 T R "SRRGV PAPR ZAE R

{»—F"B’ g
"
;—s;

e
i =
jﬁ"

107

FHIE 7o i@ SERZR 2 FR PR QOSFBC FEIUfR K
4 ES KA PAPR - Proposed B Ei FSTD 45&770(E
FSTD 434H 1 PAPR B/ -

1[]'9 Frmee

BLER
=

[ —H&— Classical QOSFBC .

#| | —&— Propased QDSFBC S

H —6— Alamouti/FSTD

FH —=— Yan/FSTD

i Propose A/IFSTD
—<— Propose B/FSTD

ol

04 4 2 0 2 4
SNR(dE)
B t4x4 Z8i+ BLER ZAEHE

o L gE R 1 107 et ff BLER HY£H
| > Classical QOSFBC HyFH L7 » (BT ML Y
QOSFBC %7 1.5 dB » £ SFBC/FSTD Hy434HH » [FlfEE
L Alamouti AT » FRIHEHAY 7% B 454 FSTD
HIfER Yan 454 FSTD HY4RHE /72047 0.3 dB -

SFBC/FSTD ] % 2 15 N 5] AL - (o FH Wil 2x2 £y
SFBC 4mtE /=t » FiLAE4RAgHEr s B s QOSFBC 2K

(K - i ELARARASEIRF R QOSFBC Z:4f » HHFYIERE
YR AAE SRR ERZE Y QOSFBC £:47

N> F IVEEE S 4wt 5 U TEREFE R -

=111
2x2 Z4RBHY diversity B2 rate
EHE TR, Diversity Rate PAPR BLER
Alamouti 4 1 ik
Yan 4 1
Proposed A 4 1 54fa
Proposed B 4 1 ir4lay
=1V
4x4 RB¢RAERY diversity B rate
miE =, Diversity Rate PAPR BLER Fa=iiran: 3
BB P
QOSFBC 8 1 & e
Proposed 8 1 54[a
QOSFBC
Alamouti 16 1/2 FSTD B
[FSTD R
Yan/FSTD 16 12 %
AISTD 16 1/2 FSTD 18
HRAE
B/FSTD 16 1/2 =3

FRAMLARER PAPR Y77 AR HE IE R 22 AR & B 4R
5 > 1F 2x2 {Hilg 24 81 Alamouti &2 Yan LEER B A # 4T
1y PAPR {E#E > BLER &5y RIF®: Yan FAYI4ERE 18
AX4 EEm et o S RIEEERE S S ENIRET > B
QOSFBC > Alamouti & Yan fHFL 51K PAPR fy{ESs »
A BLER = L AE: Yan fFaUEE: - Br e H
B IE R Z2 AR S SRS AT SR 40 25 R AR 7 ER(EHI0 248 A
DLV EEAFAE -

SERR

[1] S.Alamouti, "A simple transmit diversity technique for wireless
communications,” Selected Areas in Communications, IEEE Journal
on, vol. 16, pp. 1451-1458, 1998.

[2] R1-082943, "Uplink MIMO Transmission for LTE-Advanced",
3GPPTSG RAN WGL1 #54, August 2008.

[3] V. Tarokh, H. Jafarkhani, and A. R. Calderbank, "Space-time block
codes from orthogonal designs,” Information Theory, IEEE
Transactions on, vol. 45, pp. 1456-1467, 1999.

[4] Y. Gangyoul and K. Joonhyuk, "Quasi-orthogonal space-frequency
block code,” in Communications and Information Technology, 2004.
ISCIT 2004. IEEE International Symposium on, 2004, pp. 979-982
vol.2.

[5] R1-094717, Huawei, "Benefits of 4 transmit antenna diversity for
PUSCH", 3GPPTSG RANL1 #59, November 9-13, 20009.

[6] M.Yan, Y. Mingli, L. Jin, and L. Hanwen, "A Novel Space-
Frequency Block Coding Scheme for SC-FDMA," in Vehicular
Technology Conference Fall (VTC 2009-Fall), 2009 IEEE 70th,
2009, pp. 1-5.

[7] TREEE, EIESEYZE Y ZZHE R ETMIMO SC-FDMA
FERZIRTE", BB R A L L, 2012.

[8] H.G. Myung, J. Lim, and D. J. Goodman, "Single Carrier FDMA for
Uplink Wireless Transmission,” IEEE Veh. Technology Mag., vol.
1,n0.3, pp. 30-38, September 2006.





