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Wideband Non-Coherent Space-Time-Frequency Block Coding
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Abstract Based on orthogonal frequency division multiplexing , this paper proposes non-coherent
space-time-frequency grouping coding schemes in frequency-selective Multiple-Input and Multiple-Output(MIMO)
antenna Rayleigh fading channels. Pair-wise error probability analysis show that combing subcarrier grouping with
orthogonal space-time-frequency block coding , the proposed method can attain maximum spatial diversity and
frequency diversity with low coding and decoding flexibility and neither the receiver nor the transmitter need
knows the channel state information. The paper gives the code design criteria and simulation results, which confirm
good performance of the proposed scheme in frequency-selective fading channels.

Key words space-time-frequency coding; grouping; non-coherent decoding; diversity gain

A S 3 A B T R 52 B AT VR D3, 7 2 433 30 v b S ol 2 2 17 VAN AL B R Y 22 1) 34,
M LA TS A AR 04, KOCHE & T 2% A\ £ % i (Multiple-Input and Multiple-Output, MIMO) &4t )43 4E
W5, HATHFC 2 & AT 0 i, Sl & 2 EERESE R, A IR s i . A
SCREH T A AEA T A IS AR 2 GRS T e R SRR3R 2 IS A3 2R, PR N B A 5 Ae sl I
(i) B 2 — Y 2% (] o3 L G B, AN R 2 I S R B2 A 5 SR FH IEAS 43 43 2 1% 53 1 (Orthogonal - Frequency
Division Multiplexing, OFDM)J7 Ui il g A . fEelion, 8 AEAHTRUBR T 55, AT EZETERSE
B RKBE THT R T EATHE BT IE R RA R 44, 30 7T AR T2 Ao 4105 () de e, F
T X MR 22 N 2 R IR AZ Ao 2 T (MIMO-OFDM) 1 2 15 % &8 AT S B B0 e K70 R 1 2
2, =N,N, L (N, RN, ZERFFIHEWORLEHEL, L, A E M dmNACRE) . 5 SCIR[41 7 iEAH LG, 7RSSR
FER RO EENG OU T s ARSCEE I vl it 2 A1, 4nhid s 5 40 BRI iSO B 0 ¢, BRAK T w5 R0k
MILAER, Bk T GmiE RIS I S0, REETE % OFDM R Ze, 1% 5 kB AL T SCHR[41 ) 77 i
1 Z=Rsa4H

R MELR, H N, AR RGN N, MEBORE, 8N REMNOFDMATS5H N, NN L
IIEFRATEE, BRSSP R N 10 55 FR T 2 4 B,

Y, =PI NH X, +W, )

A Y, XORTH, Z3 2 g AU S I S NFERE R 2 AR SV (R TE A A B O R s W 2 v S0 e 7

Wk FI: 2004 — 06 — 23
TEH RIS RERA959-), %, 1L, EEMILLMIMOMLEE AT B,



%230 KR S5 el A TS IN ) 21 9 i 169

il e MR G O N %, T 22 IR L2 B CN(O,1),  p R HBUOR 2
BRI S AR L. RYECQ), SCHRIBIWEIT T AEMOH LA (R TECIR A5 5 AN IR 0 73 AL ) 1) i B R e )
Jiih o ASOR EFIUE AU SO LAL HEAN KA TEARES A5 BAR D0 T 2 ALA5 (1 G B AT A 535 o

2 AT BER T ENFERE S
T AR 53 LTS5 R 3t A 6 4504 410

BEHAEN], JRIEWIARAR TINB A T AR R 2 j I 7
PRI, SRR NN, Ly - BN | ] polorouinm Sk

t

VIS AEA 25 B A4 2 R ARLAR i i N T
2.1 EKIAARERD e
WFFUEIE H, RANN Q) A5 5 R RS . R SC G| I orom i%uj IOFDM ]

IRIBIO B SR R R & R T, % o
Bt ST H S RS S M, TN UL RAEL(L), F1 MIMO-OFDMASHAL
PR IHALR IS BI04 R, BRSSP A 1, R AR ) B R e el B 5 2 0 Y, AT) R

TSI, WU Y, BTy, AR S .

—_ * — p *
V _E[yjyj]_ IN,L+ﬂGgGg (2)

X ER« 5 R on WA ML de B, A, Gy A[X, DX --D™7X'], D A diag[A] 7 »
AAexp(2nN, il L)1y, > i=01---,L-1, G, b X, B M55, diagdersxt M. ML LS Hrid 70
WA, BATIARSCHEREM ], EASCSTI Sy, A T FRoRfis, Lindittig. RSN N, ik
B 104 2L PR 45 P MR 2R 25 1 R A B
PLYIX) = exp(-Tr(YV ™ (XN)Y D)
a NV OO

RIE(E), IR LRI, GG =LN 1, (N, &EAF S HOFDMAF 545 . IR (5 5 BRI 2
HAK, WEH ARG 5 AR AT R -

X = arg max (TH(Y GG Y") %)

A
Xe{X1. Xy, Xk }

®)

2.2 SERRSRY BT SRR LR AN IHEN
BT C 25 Y 7 ARA 28 N5 A% A 705, T 23 B 23 A5 PR e JF 4 th gt T s Rl . 21t
WO 772, SRR T2 X 455 A MR 1Y) Chernoff L BRAT 4 P BE 8 F (AR dE o SO0 755 AR 5 7
&y BERIHUR SRS S X, BN UHRR I g 2 X, o WSR2 Chernoff 1 BR B
1
v, ©)
[1-(1/(N,L)})GG,G,G,]

PIX, > X, }<
(o/N,L)*(N L)
4(1+ (p/N,L)N L)

FAUSCHRIB], P 15 P 20 5 18 2 A SR 18 R 4R Fr ok 7 Chernoff B[R . H150(5), fEmIfEMELLAAE T, BT
LR ES O UMW LB VAE

I+

—gd
pN
P{X > X }<|—— 6
(X, > X,} (4N&] (6)

t

X ZHg Mg, KBG, MG, WEMRME, XM ¢,G,G,) ANK{(NLI -GG,G,G,},

J m-m—j
. N, 18d JIURYON L las 2 YAEVN L=
2.(G,.8) A[I-(UN,LYGG,G,G,| - Hilr g, Fl g, Ml Xy M S A AN 35, HUEDAIG I i

S, % g, AR RO AT A 58T, g, IR KT R NN, Ly« SEILIX— 45 HL 110 06 BE A 1 2




170 R s AP N = 35 %
N.LZ2N, L8N, Z2N,, MLZL o HL<Ly,M, HKRIPEMGZEN,NL, W ARER DA HIEE
e L ESAH R W] OFDMMTEL S 5 K, (H 2 AR I8 my FUR S R R 2 IS DL, BEORUERT AR AT P
5 SR K 46828 N N, L, WIER N L= KN, L, IXAESERR RIS, NR KA AR K e IR
MG Zontt, Kt RHHEN, =2N,. g METEZEHRG MG, MHKIEIE, HG, MG, AN
BRI, Wgeh, 4G, MG, AKX, g, =1l A L Ll Eoatr, ARSI B HENI R, A
KIS R EX: (1) fif rrgjpg[,(em,e,)%jz(fr%@WJ); (2) it Tjglge(Gm,G‘,.)B%j((ﬁﬂﬁ‘/ﬁmﬂ)o

3 MRNRItAGE

AR AR EA SR, R MTEA R 2 AR T (s S, I P AR AN W 2 AR E 1E
(AR PE RS . MIXERS I 7R 2, R F Hadamardfish, 25 B i L kA8 R 23 ) 2 4 RS 2%, AT IR ] LA sk
P ) 2 I ARy A, AR [R) 5 VA 1 A AR R 1k RE SR AN R ) o AR SCR T T FRT (PR T B A k) 1) 5 4K
AR .

il RN, =2, N,=1, Ly =2. N TWHLHEEM, N, =4, nISCE KRR 24, P
FHER: X =@'[F,], i=12,K. XTF,, &R NLEFFTIRELS A EmI R R FERE, @ =

diag(ehEI)ﬁ‘O“, uE R A S EL, ARIEDIIE X, fEABITD=diag[ls, —la], HEFLFm, X, KT E
Wl G=[X; DX{1= @'[F, F. :F.,,—F, ,JHIEZS. LA F  RORHEREF,, (L4)MF, ,, &R
BEF o (5:8,1) SRIGHERAEME SIS 2 I KOS B, T GG, IXFRYE, RSm—k, HIERFE%
BG,G,j=01-,K-1. LLEFBIEL=L,, WMt st g, =N,NL, GRL=L
Weg,=NN.L, -

g, Ui ELEIL T A RS REEFI— AN OR 2 RGE A T 00 A RS 1 Pk g o M RESRFR ZNA
OFDMAF M BB S ik e, A T A B RAEA AE E ) & A e e, R T 48— ISt ek
R=05b, ZEAIH, EXHEHER=NmI(N, +L)~m, miEEA TEIAERTT SRS (1) AE
HO RN MERE LU, IR Ly =1,2,3, WIS E L = L, o (E07 FL R TR HUE48, BEIif{JOFDM
FF5HN= 40 ML= 21, K=16, SSAIHIEN=24, (FAREEPEAIEFFTHISLAIZ35]. L=3i, N,=16,
K=64, MFHPEEFFTRIEE0M 3. X TL=11 R Se by bt & s 2 I OFDMAY, & RAIH T ¢ ] 43
G, BATFIREERIR . SRR, K3 73R R K2R, AR, fEEE
WELL I, BEAE (S SRR 0, T PEREV BAe M. () EBRMEE KL L, DT KL PERE,
BT L= L, WRERE, MR TL=3, 1L, =12, WRAEATITIBERHT, ARG Sps al SCHLm
IR ERIE SR 03 e NN, FI2 NN, o BI3F7r it 0 JAG vkt RS e RE, TRAE R, L, =LHI2I R
ik oy B R PR 285 A 155 O AH LG B 3 AR ], RIS 25 R — 3, YLHATE L > L, WIXPIRD TSR RER F SE B fis
EARPE M A, ORISR S ANE, Wi L, = WRE LI B ANE .

real

10° 0
—+ LreaI:]- 10 i %f%
—&— = =
—&- frea::g - /=3
107 real 1071
¥ 3¢
F}—K 2 ":; 2|
e 10 410"
= =
-3 4
10 1073
10 : - B 10 . . . .
2 6 li) 14 18 22 2 6 10 14 18 22
{F 1 LL/dB {5 Lk/dB
B2 L= LERARSTERE K3 Liea< LIKRLPERE

(T485178 M)



178 BT R H K %% B35 4%
Mb 45 HE B S BT EUA )RR LE R GE 5 3N RO 2. S 4h, fERHHENEEARSens 5, m T TiHEA R
Ge T RENESS, BN T A5 TE AL, DR 2 s i B Bl 45 IR BHFEAR R, IX LEH N R G B A 2
T SRR
4 & &

TR AT M A B, nTLLE R ELEO A Sl (5 2 40 K H AR5 18 S ms n] DL K AR A5
b 55 TR, e DASE R 20020 55 1) BH ZE M2 A ARAN 18T o 1717 SR FH 3BT 210328 Ml 45 A SR s AT 4G 1T LA
FAAROB B ME 45 T PHZEME R . R X P P SR 2551 FH AT LA T3 iR LEO P AL A5 R A IR R .

& % X M

[1] Tripathi N D, Reed N J H. Handoff in cellular systems[J]. IEEE Personal Communication, 1998, 5(6):27-37.

[2] Ebersman H G, Tonguz O K. Handoff ordering using prediction priority queuing in personal communication systems[J]. IEEE
Transactions on Vehicular Technology,1999, 48(1): 21-35.

[3]Hong D, Rappaport S S. Traffic model and performance analysis for cellular mobile radio telephone systems with prioritized and
nonprioritized handoff procedures[J]. IEEE Transactions on Vehicular Technology,1986, VT-35(3): 132-146.

[4] Enrico D R, Giambene G. Handover queuing strategies with dynamic and fixed channel allocation techniques in low earth orbit
mobile satellite systems[J]. IEEE Transactions on Communications,1999, 47(1): 89-101.

[5] GMaral G, Jean-Jacques de Ridder.Low earth orbit satellite systems for communications[J]. International Journal of Satellite
Communications, 1991, 9: 209-225.

% OB OANERSE

(L#EFE170M)
4 & &

ANSCRIFFE T A6 35 PR B A 2 V6 A5 1 HH MIMO-OFDM R G5 1) AEAH T 32y L i), o9 AT R4 L. 45 21
RYL, XM G ITVETT LLIE o BT A B AR 4R, JF HEBOHANT 258 A E . 3RS0 5 — M ik
M7 AR I N T G RIS R B2k o AR SCER Y A 0 M R R 1 % R e R (1 B i
ANFIR Z AR 1A AR DG XS B (R P RESE Wi A ik — 2B WES L

2 % x M

[1] Bolcskei H, Paulraj A J. Space frequency coded broadband OFDM systems[J]. IEEE WCNC-2000, 2000,1: 1-6.

[2] Lu B, Wang X. Space time code design in OFDM systems[J]. IEEE Globecom ,2000, 2: 1 000-1 004.

[3] Liu Z, Xin Y, Giannakis G B. Space-time-frequency coded OFDM over frequency-selective fading channels[J]. IEEE Trans.
Signal processing , 2002 ,50 (10): 2 465-2 476.

[4]Bolcskei H, Borgmann M. Code dsign for non-coherent MIMO-OFDM systems[C]. Allerton Conf. on Communication, Control,
and Computing, Monticello, 1L,2002, 345-352.

[6] R&th, RAMIMOLEE 40 £ AR A[D]. AR T HH K, 2005.

[6] Tarokh V, Seshadri N, Calderbank A R. Space time codes for high data rate wireless communication: performance criterion and
code construction [J]. IEEE Trans. Inform. Theory ,1998, 46(10): 744-765.

[7] Hughes B L. Differential space time modulation[J]. IEEE Trans. Inform. Theory, 2000, 46: 2 567-2 578.

[ 8] Hochwald B M, Marzetta T L, Richardson T J, et al. System design of unitary space time constellations[J]. IEEE Trans. Inf.
Theory , 2000, 46( 6): 1 962-1 973.

OB RS



