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Abstract - In this paper, we propose space-time block codes based on constituent
intersectant orthogonal designs. After channel model was formulated, we
studied the space-time block codes from constituent intersectant orthogonal
designs. At last we made simulations for the space-time block codes from
complex orthogonal design and the space-time block codes from constituent
intersectant orthogonal design to compare their performance. Compared with
space-time block codes from complex orthogonal design when code rate is the
same and transmission rate is fixed, space-time block codes from constituent
intersectant orthogonal design with more transmit antennas can reduce bit error
rate and symbol error rate, and these new codes have the same low decoding
complexity as the space-time block codes from complex orthogonal designs.
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INTRODUCTION

Nowadays, since the third generation mobile communication system requires much higher
quality of speech than the current cellular mobile communication system and requires up
to 2 Mbils/s high bit rate data service, more and more attention has been paid to transmit
diversity of space-time coding. Space-time coding is a new encoding and signal processing
technique in mobile communication system, which transmits and receives information
using multiple transmit antennas and receive antennas. [1] Space-time processing can
greatly improve information capacity and information rate. Space-time coding can provide
more coding gain while not sacrificing transmitted bandwidth. Space-time codes are
divided into space-time trellis codes and space-time block codes. [2] One of the design
criteria of space-time block code is space-time block coding matrix satisfying orthogonal
condition, i.e. orthogonal design. In this paper, we propose the space-time block codes
based on constituent intersectant orthogonal design. These codes have the same low
decoding complexity as the space-time block codes from complex orthogonal design. Rate
I space-time block codes from constituent intersectant orthogonal design exist for two,
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three and four transmit antennas while space-time block codes from complex orthogonal
design exist only for two transmit antennas. Rate 3/4 space-time block codes from constituent
intersectant orthogonal design exist for five, six, seven and eight transmit antennas while
space-time block codes from complex orthogonal design exist only for three and four
transmit antennas. At last we make simulations for the space-time block codes from
complex orthogonal design and the space-time block codes from constituent intersectant
orthogonal design to compare their performance.

CHANNEL MODEL

We consider a wireless communication system which has » transmit antennas and m receive
antennas. Let 4 be the nxm channel gain matrix. Thus the element aji of 4 1s the (complex)
gain factor for the path from the ith transmit antenna to the jth receive antenna. We assume
that the received signal is corrupted by additive white Gaussian noise. Let W be the pxn
matrix transmitted at time 7. Then, the received pxm matrix R can be written as:

R =WA+N (1)

where N is the p>m white noise matrix whose elements are independent identically
distributed (i.i.d.) Gaussian random variables with mean zero and unit variance, and
tr(W'W) = p. The fading we consider here is frequency nonselective Rayleigh fading (or
flat Rayleigh fading), in the case of which the elements of 4 are independent complex
Gaussian random variables. [3]

Space-Time Block Codes Based on Constituent Intersectant Orthogonal Designs: A
generalized complex linear processing orthogonal design of size # and rate &/p is a pxn
matrix Ge(x,...,Xx) in variables x;, i = 1,...,k, which satisfies the following conditions: 1)
the entries of Gy(x....,Xx) are complex linear combinations of xi,i=L...,k and their conjugales;
2) G'( X1yeosXk YGelXts...,Xk) = D, where D is a diagonal matrix whose entries are a linear
combination of | x’f = 1,....k with all strictly positive real coefficients and Ge¢” is the
complex transpose conjugate of G,. When k=p=n we obtain complex linear processing
orthogonal design. [4]

An example of a 2x2 complex orthogonal design is given by:

X1 X2 (2)
- Xiz X‘]
for n=3 and 4, we construct rate 3/4 generalized complex linear processing orthogonal

designs given by
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X3
SR
-x3 a3
3
X3 X3 CXpmX1+X2-X2) )
V2 V2 2
X3 L X3 (Xo+X2HX1mxD)
V2 V2 2
forn =3 and
X3 X3
X X == -
1 2 \/5 J‘Z'
L * x3 X3
-X X == - =
2 ! vz V2 4)
* * * * * L
X3 X3 CX1mX7+X2-X2) (X2-X2+X1-X1)
V2 V2 2 2
x5 x5 orxbixi-xD arxirxa-xd)
V2 V2 2 2

for n = 4. These codes are designed using the theory of orthogonal designs.
We now define space-time block codes based on constituent intersectant orthogonal

designs. A constituent intersectant orthogonal design - of size » of rate &/p, in variables

xi,i =1..kis ap x np matrix W(x1,...,xk) .such that:

Ge(X1...,Xk/2) Ge(Xk/2+1,---,Xk)
WX}, Xy)= N N o 5)
Ge(Xk/2+1,.-..Xk)  Ge(X1..,Xk/2)

where Ge (X,..., Xy») is a generalized complex linear processing orthogonal design of
size n/2 of rate k/p, x; = Re {xi} +7 Im {X; w2k} and where (i + k /2)k denotes (i +k /2)

(mod k).
Examples of rate 1, space-time block codes from constituent intersectant orthogonal

design for n =2, 4 are:
When » = 2, we have:

Ge (X ,---,i2/2)=i1 and Gc(im_._ls---,iz)=i2 (6)
when n = 4 we can utilize (2):
- - - = | X X
Ge (X > Xap) =G (X X0)= l * *2 (7)
-X2 Xi
and
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- o S X X
Ge( Xyn 410 X4)=6c(X3, Xg)= 3* f (8)
- X4 X3
From the above formula we can get the following:
X1 Xz
Wixz = _ N (9

X2 X1
X] X2 X3 X4
_X' X‘ _ X‘ L

me x4y = ? 1 ! (10)

,,,,,

A rate I constituent intersectant orthogonal design matrix for » = 3 can be obtained from
n=4, i.e. by deleting one of the columns of constituent intersectant orthogonal design

matrix (10):

X1 X3 X4 X1 X2 X4 X2 X3 X4
~ % %k * * * * *
~X2 "X4 X3 -X2 X X X -X4 X
W€X|,.,..x4;= _ o ’W?Xl,.,XA)': ~2 ~] ~3 ’W(]m, Xay = Nl ~4 ~3
X1 X2 X3 X4 X2 X4 Xy X2
~ JOT T ok % __* Lk % __*
\" X4 "X2 Xj -X4 X3 Xj 1 X2 Xy

X1 X2 Xa

i# i* i#

—Xz2 Xy X4

W?xn ..... = - N

X3 X4 Xi

—~ i i

-X4 X3-X2

We can thus get the following theorem.

Theorem: Space-time block codes based on constituent intersectant orthogonal
design of rate | of size n exists if and only if » = 2, 3 or 4. Similarly, space-time block
codes based on constituent intersectant orthogonal design of rate 3/4 of size » exists if and
onlyifn=5,6,7or 8.

Proof: Suppose a rate 1, Space-Time block codes based on constituent mier-sectant
orthogonal design of size » exists when n = 6. Let k = 2, then we can get a 2x2 constituent
intersectant orthogonal design matrix from equation (5) which is the definition of constituent
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intersectant orthogonal design. This is in contradiction with the fact that we should
get a pxn (i.e. 2x6) constituent intersectant orthogonal design matrix. Let k£ = 4, then we
can get a 4x4 constituent intersectant orthogonal design matrix from (5) and (2), which
is in contradiction with the fact that we should get a pxn (i.e. 4x6) constituent intersectant
orthogonal design matrix Let k=6, since complex orthogonal design exists if and only if
n =2, while G_ (X2 4+ 1, X6) andG_(Xj,...,Xe/)both are 33 matrix when k = 6, this
kind of matrices don’t exist at all. Thus constituent intersectant orthogonal design matrix
doesn't exist when & = 6. We can also prove that rate 1, constituent intersectant orthogonal
designs of size » does not exist when n > 4.

If G. is a generalized complex linear processing orthogonal design of size 4, rate 3/4,
then we have rate 3/4 constituent intersectant orthogonal design codes for
n=>56,7,8 Wecangetk =6, p =8 when n= 6, then we can geta 8 X 6 matrix by

utilizing (3) as follows:

~ A3
X1 X2 Nz
R R 2 11
L] E ] —
X x 5 (1)
Ge(X1,..,X6/2)=Ge(X1, X2, X3)=| ~ ~ -~ -~ .
»  J E ] L ]
X X X, -X, + X, -X))
2 V2 2
L] L | L] L ]
X_ f_ (Xy+Xy+ X —X))
V2 V2 2
and
~ 6
x¢ X5 p
. -
-X » A6
5 X, 2 2
Gc(ik}z.‘,p-"!ik)zGc(itls iSvi6)= i ~ -~ ~ -~ ~
] * * *
Xg  Xg (-X,—X, + X -Xg
V22 2
L] * ] a
X X R+ X +X, =X )
2 2 2

we can then get W°x,,_xe) as follows:
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—~ — — P
(X2+X;_+X; -X1)
2

X
V2
Xs
V2
~ ey | o —
(-X4-X4+X5-X5)
2

(K5 + X3+ X4-X2)
2

—~ “16
X X —
4 5 15
* . X6
- X5 X4 75*
o~ -~ -~ ~ % — vy
X6 Xe (Xg4-X4+X5 Xs)
2 2
Xe KXo (Xs+X5+Xa-Xa) (13)
2 V2 2
% % l
1 2 72
- X3
: V2
~R — . ~ e
X3 X3 CX{-Xi+X2-X3)
N 2
- * g * -
X3 X3 Xo+Xp+X)—X;)
N 2

A rate 3/4 constitutent intersectant orthogonal design, matrix for n = 5 can be obtained
from n = 6, i.e. by deleting one of the columns of constituent intersectant orthogonal design

matrix (13). In other words:

ws(xly LR Xﬁ) =:

or

5w oz Xy

X X2 X4 Xs \/E

o ._,' Na ~t ;\,"6
TXy X TXs X ﬁ

X, X X X (XXt Xs5)
V2 2 2 2 2
X X X X WstXstX4 Xa)
V2 2 2 2

- s = s pe)

Xa Xs X X2 \E

N' ~o ,-_* Na L
- X5 X2+ TX2 A \E

Xs X X3 X5 CRORETX)
V2 V2 V2 V2 2

* * * £ ] L] *
E_ﬁ_i{,_j’;__f ()?2"'1?2*1171—;\;1)
V2 V2 2 V2 2
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- X . Xs
A JE A Xs JE
o X P
X2 JE Xs X4 JE
X P P (P I o1 Xs Xe CXa— Xt Xs)
V2 2 2 2 2
_55'_ (v Xt % %) X5 _th_ (Fs+t X+ X X
V2 2 NI ) 2
N X - X
Xs JE X X2 JE
iy Xs s X
Xs JE X2 Xy JE
Xe CR™ Xt X5~ Xs) X X CRoXTRR)
V2 2 N 2
SRS AT RS A VNS S SRS B 2 )
V2 2 NN 2
or
- X5 % % X
XZ ‘\[2‘ 4 x:v 1/'2-
< X IS X
X] ‘Jrz‘ xS X4 JZ—

- - L] ® L] - -
X3 (—X|“X;+Xz_i2) X l ('X4_X4+X5_X5}
V2 2 V2 V2 2
* - * L] £ * *
X Xt X% %) Xs X R+ Xt X=X
V2 2 2 2

Xe v« 3 X
X5 2 X X2 J2
< Xe v % X
X4 JE Xz X JE

* * * * L] . *
X CXy "X+ Xs— %) X3 X SR XXX
V2 2 Y2 2 2

L] Ed L) L) - *
X ErXARTXD) X X EKtEHttR XD
V2 2 V2 2 2

or
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~ ~3 ~ ~
X5 _‘[‘;— X4 XS
~% ~3 o ¥
X1 —fz—‘ - X5 X

(3“(2““)7(2““3?,—5”(1)
2

X X
V2 2 V2 o2
X3 Xs
V2 V2

N Xe ~
Xs "E X 2

V2

XXt X~ Xs)

i4 " i2 iI
X X X
V2 2 V2 V2
X X
V2 V2
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2

Doty
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Sl e
e

Xo
V2
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2

> *

_& ('fl_fl'.'fz—fz)
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. o X5 N Xs
X Xz ‘JE X5 JE
JE X5 < %e
X3 Xy JE 4 5
& & (-il_il+i2_i2) Nﬁ ('L_i-t'{"is—is)
22 2 2 2
g__ _E},_ (i1+§2+§1_i1) __& (§5+§5+i4_i4)
V2 W2 2 2 2
% % Xe % X
X s ﬁ 2 ‘E
s X4 JE 1 JE
& & (-34_24-"3‘(5_?5) 23_ (-ilwi1+i)_—§i2)
2 2 2 V2 2
_st_ _Hﬁ (is+'xs+i4_i4) _& (i2+i2+il—il)
L2 2 2 V2 2

When r = 8, we can get k=6, p = 8. Then we get a 8 x 8 matrix by utilizing (4) as follows:

— ~ i} i]
S 7z
R % e
R g B4 14
Gc(il""’iélz)=Gc(il’iz’iJ)= . » . . .
% % Cx-o%t%%) (X%t %)
N 2 2
X X (ia+x2+xl %) _(i1+il+i2—i2)
2 2 2 2
and
(@ s & X
X4 5 JE \/5
% % = -
s 2 2
Ge(R 0% =0 (X %52 %9 = . . . . (15)
K K XX AETK) CRCX TR TR
2 2 2 2
X % &AEGTR R RARARX)
V2 2 2 2

We can then get Woxi,... xs as follows:
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/ ) .
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A rate 3/4 constituent intersectant orthogonal design matrix for n = 7 can be obtained
from n = 8§, i.e. by deleting one of the columns of constituent intersectant orthogonal design

matrix (16).

SIMULATIONS

We make simulations for rate | space-time block codes from complex orthogonal design
of n = 2 and rate | space-time block codes from constituent intersectant orthogonal design
of m = 3, 4, and make simulations for rate 3/4 space-time block codes from complex
orthogonal design of n = 3, 4 and rate 3/4 space-time block codes from constituent
intersectant orthogonal design of n = 6, 8. Transmission rate is 1bits/s/Hz, m = 1. Simulation
results are shown in Figure 1 and Figure 2. Simulation results show that rate | space-time
block codes from constituent intersectant orthogonal design exist for two, three and four
transmit antennas while space-time block codes from complex orthogonal design exists
only for two transmit antennas. Also, rate 3/4 space-time block codes from constituent
intersectant orthogonal design exist for five, six, seven and eight transmit antennas while
space-time block codes from complex orthogonal design exist only for threc and four
transmit antennas. Compared with space-time block codes from complex orthogonal design
when code rate is the same and transmission rate is fixed, space-time block codes from
constituent intersectant orthogonal design with more transmit antennas can reduce bit error

rate and symbol crror rate.
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Figure 1: Rate 1 space-time block codes from complex orthogonal design (old codes) of n =2 and

space-time block codes from constituent intersectant orthogonal design (new codes) of n = 3,4 (m

=1

Bit Error Rate (BER)

0 2 4 6 8 10 12 14 16 18 20 22
SNR (dB)

Figure 2: Rate 3/4 space-time block codes from complex orthogonal design (old codes) of n = 3,4 and
space-time block codes from constituent intersectant orthogonal design (new codes) of n =
6,8 (m=1)

CONCLUSION

In this paper, we introduced the space-time block codes based on constituent intersectant
orthogonal designs. The space-time block codes from constituent intersectant orthogonal
design have the same low decoding complexity as the space-time block codes from complex
orthogonal design. Rate | space-time block codes from constituent intersectant orthogonal

design exist for two, three and four transmit antennas while space-time block codes from
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complex orthogonal design exists only for two transmit antennas. Rate 3/4 space-time
block codes from constituent intersectant orthogonal design exist for five, six, seven and
eight transmit antennas while space-time block codes from complex orthogonal design
exist only for three and four transmit antennas.
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