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CODIGOS OSTBC

The coder matrix B BH = |

=M
The Tx and Rs signals as well as B.sl(n)
the estimated symbol are: =Tn
an ﬂé W,
sl=Traza&B ﬁ X H

For nt=2 there are
several A 06 @1 06 1 06 &8 06
possibilitieswith  $0 15 &0 -1y &0 15 &0 -1y
entriesentallingno 9 15 &0 -156 & -15 a0 15
operation €1 0y &1 05 &1 05 &1 05




For two PAM symbols (real) and 2 antennas
X_ =B .sl+ B S2

— =1

sl= Trazag:I:‘s‘H R, B LIs1_+Traza8:1. B._us2

—H _Zu
desired 1S
, The no-1SI constrain is:
g ,
CTmTc Traza@l R, B.H TrazangH B,.B u =0 P B.. Bl =07
i Hecamicactons - - -7

Not orthogonal just to be amicable




g =2 00 5 _® -16
=1 %0 1z =2 & 0

_ 82 .
X =B.sl+B 2= °
T =1 =2 882 ﬁ ﬂ

To further achieve full-rate, we need two
additional matrices, that being amicable in
order to detect two imaginary parts, do not
promote | SI with the real symbols.

A 006 & -16
=1 =QO 1_ =2 =g1 0 - =3 24
e (4] e (4]

X_=B.sl+B .s2+ |.B.s3+ |.B .s4
=7 =1 =2 =3 =4 H H
B.B' =B.B
It is easy to check that 52@: :§4_§2H

thisisthe constraint---->
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In summary: $=3
BB'=-B.B" B.B"=-B.B"
=1 =2 =2 =1 —4 — =3 =4

H _ H H H
21 2 - :3'2 22 '24 24 E

The Alamouti’ s code:

d 05 _ . -1 ad 06 _ _ad 1o
B = B = B = 2 B=0 72
0 15 =2 81 0p =° & -1z =4 &l 0gh
+js3 -L+jAs axl -z2 6
X =B Ssl+B s2+B js3+B,.j.s= gﬁl J Is46_ =c., =2
=T = gs2+js4  dl- J.Sgg ez2 71 4

s1=Re(Trazags;' R, X i)

s2= Re(TrazangSH R _Ru)

The receiver------ >
s3=Im(Trazm &g R X, 1)

—H =RrRU

§4=Im(Trazag:B; R .X u)




Unfortunately no such full-rate codes exist for any
number of antennas. There are solution for rates
lower than one like the code shown below for 4

antennas and rate ¥a.
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Convolutional S-T Codes: Trellis codes

output INPUL
© a=[a(1),a(2),.....aR)]T input bits

/ / /
/ | / .
| X= ;gl_g + gz-bﬂu L bits per component output x
AN\ ~ |Measurement equation| | L=2 bits Components
CTmtc " | b=gs a+G bf 0(00),1(01),2(10),3(11) that
e N correspond to the four signals
State equation in a QPSK constellation

Code rate=R/L over n; antennas

g K bitsfor M components of the state vector b




Code specification:

-Number of Tx antennas n;

-Bits/Hz or size of the radiated constelation L

-Complexity at Tx or number of states2KM

-Code Rate equal to R/L

nt (antennas)
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INPUT <: ‘>: =
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STATE
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2" levelgantenna




47 A more compact formulation of the state model is:
an
¢ A

Grouping input and state vectors in a single one
c=[a@® .. a(R) b@ .. bM)]

. " A
AN\ X=gG.CH
CTIC
£ Rzt And, the state vector isformed by thelast M bits after
ashift of a given number of components vector ¢

from left to right

¢
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Modul 2
operation for
x1 and x2
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State 00

Input

Indexesof the
signalstotransmitt
depenfing on the

input

00

01

10

11

Time n+1
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SN2

XN\
> V"‘V

Search fot the lowest
distance coveredto
recover the zero path
(This will be the worst
matrix A to beusedin
the BER upper bound
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For length of N channels access

A=3 (s, b,)(s - b,)"

n=1
Andthe average BER
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15 For st2bhlst2rate0.5
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0D 2 1 0 2y
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Codes for No-CSI at Rx

access to the channel with n; antennas. We will use M
matrixes of ny by N

C m=1M
_—m
y UPA at Tx
cCcl=zl "m=
M =m =n]—
5
Y =250HC +W=r HC
At Rx> =R EN, g==° = ==
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The ML receiver is:

Pr(Y,./C,) = k-exp- §Traza(Y.S 'x" ):

= k,.exp- gTraza(;(.(I:H 'cl'.C )\=( )

U=
u
u
a

f=argmax TrazaY, C" C v")

gm’m:l'M

- e

Perfect detection occurs when:

Traza(\_(R-Qs c.Y" ) > Traza(\:/ c'CY, )

N H 4 H y _ H _ 2 ~H
Y J=L+C B HEC =141 CT R, C =L+r|Ho C)'C
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2
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(..j;j
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AN\ et y
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It isimportant to remark theloss due STEN 5

to the absence of CSI at Rx
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In order to compare both cases, note that:

‘I_—C c" \ =1+c cc c'-c c'-c.c

= =0=1 = =0=1 =1=0 =0 =1 =1=0
H

2|_ g g glgo B éNOCSI _cs ANOCS|

Asi  pues,

A =

=C3 =NOCS
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Codigos ST Diferenciales

Assuming that thereis CS at Rx

X,-E2HC | P €= Max &Re(Traza(HC X))

S '==mlg

Pk expg = Trazm(R, CC" 4=k g =4 n €C™h
é 4N, = ==74 g ANy =17 T
1
_kZO E o l\J
" detal +—=CE" S |
e AN, == =g
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Using two symbols first estimate the
channel second to decode.

Rx estimates the channel

\ Rx: symbol

Time: Channel access
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The differential receiver

¢Lu L
v C
A e=al é |_ u =a
X y u
N, . §a+ u é |_ U ga'gfﬁl
I L e~ 0
w ggawzﬂ _— gagaﬂgaﬁ

AN\ The desired word
CTTC® receivedis z =QcC

X, =HZ +W

-1 —n-1

snapshot Z=Rn-
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Hereafter it is shown that the ST code
produces, in fact, a new channel together
with 3 dB. increase of noise.

=HZ .C+W =(X.. ,-W ]C +w

—R,n-1 —n-1/ =n

= X C (W Wn En) =—nuevo En +\ﬂnuevo
Regardless the system is full-rate the
decoder requires of two received
codewords

X -X C|bp C=
=R,n =R,n-1=n| g gn; =1,M @

Max éR (Traza(é C X

H

R,n-1 —=n =—R,n

);

u

0
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A compact formulation for two channel
access:

X

- e

Two data received géR,k- 1 Rk

New codeword gk_l Zk 19ku Qk

with
H
k

—H =
gk 'gk_

1O
10

y =21

c" k-

—k

Optimum detector for no-CSl at Rx that arrives to
the same result

e el C ooxx" ou
Traza§ X X ) C_H _I —tl=TrazagX  C'X .
k

e—Rk 1 =Rk _Q X =k =R,k-lH
e é_Rk a_ju

el C6
Ly
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Also, the matrix A for the average BER is as follows:

F
( o
2R

dz,.¢,-z..¢)(z.,c,-2.c)

—k-1=1

=2 &l c)le,-c) 2l f=A,

Where, taking into account the orthogonal character
of the received codewords and the commutative
property of the determinant, resultsidentical to the
CSl at Rx case with 3dB loss.
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Some examples of differential ST codes

. , aa 00
For 1 bit rate only two matrixes F =%¢_ =+
&0 1g
s - 16
Withinitial D :é 9
matrix = & 1y

BPSK as contellation and rate 0.25 and 2
antennas, Gain 8

2 hits, rate=1, 2 antennas, rate 0.5-> four
matrixes, BPSK, Gain 4

I a4 056 a® -1l
F=i+ '
]

% 157% o P4
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QPSK, 2bits/seg/Hz, 8 codewords, Code gain 4,
Rate 1
‘[aéOoaa Ooae0103@Jou

"Tt% 15780 -5t 0578 o

“guaternion” similar to Alamouti’ s code

For higher rates the codewords are formed as:

w, =exp(j2p /Q)

W, 0 f
= ) oQ; ;m=0,2Q- 1y
I b

Q=8 Rate 2 Gain 1.531 // Q=16 Rate 2.5 Gain 0.7804
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