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Abstract — We suggest a new channel coded mod-
ulation scheme that utilizes concatenated space-time
codes with multilevel modulation and multiple trans-
mit/receive antennas. The proposed scheme is analo-
gous to binary and to trellis coded modulation turbo
codes and is referred to as turbo space-time coded mod-
ulation (turbo-STCM). Turbo-STCM is a new band-
width efficient coded modulation designed to operate
over fading channels. It combines the advantages of
powerful turbo codes with the transmit/receive di-
versity of space-time coded modulation. The receiver
comnsists of a symbol-by-symbol maximum a posteriori
decoding algorithm is presented. Simulation results
are provided for 4-PSK signal sets with a throughput
of 2/b/s/Hz, achieving significant coding gain and the
diversity advantage.

I. INTRODUCTION

Recently there has been an explosive growth of personal
and wireless services whose ultimate goal is to support univer-
sal voice and multimedia services without regards to mobility
and location. For these services that provide image, video and
local area network, to become reality, high-speed data will
be expected to be transmitted reliably over multipath fading
channels.

Various techniques have been proposed and studied for fast,
reliable wireless data transmission. Channel coding, diversity
combining and other techniques have been applied to improve
the performance of receivers operating in severe signal envi-
ronments. Most of the work published either uses temporal
signal processing alone, such as error control coding, or spatial
processing alone. Coding does not address the multipath fad-
ing problem. Conversely, spatial processing does not meet the
needs for coding. Multiple antennas at the transmitter are an
attractive diversity method to reduce the required transmis-
sion power over the multipath fading channel, since it does not
impose bandwidth expansion like frequency division diversity.
Recent results in information theory show that large gains in
capacity can be achieved through the use of multiple anten-
nas at the transmitter and the receiver [1],[2]. To achieve this
projected capacity, new techniques are required that combine
coding and space-time processing.

Although antenna diversity can be utilized either at the
transmitter (transmit diversity) or at the receiver (receive
diversity) or both, until recently, work has focused mainly
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on spatial diversity at the receiver. Simple combining meth-
ods are available for that, such as maximum ratio combin-
ing (MRC) or antenna selection. Recently, transmit diversity
was recognized as alternative and complementary to receive
diversity. Realizing the benefits of transmit diversity is par-
ticularly challenging because usually the transmitter does not
have channel information. The effect of transmit diversity is
to convert a flat fading channel to a frequency-selective chan-
nel; i.e., a channel capable of accommodating multiple signal
paths and thus providing diversity gain.

In this paper, we propose a new class of codes that extends
the concept of turbo coding to include space-time encoders as
constituent building blocks of turbo codes. The codes are re-
ferred to as turbo space-time coded modulation (turbo-STCM).
The motivation behind the turbo-STCM concept is to com-
bine the important properties of turbo coding and space-time
coded modulation (STCM) into a unified design framework.
Turbo coding consists of a concatenation of simple codes yield-
ing a single powerful code [3]. Turbo codes allow efficient de-
coding algorithms and have been shown to operate close to the
Shannon limit when moderate to low bit error rates (as low
as 107°) are required. Like the turbo codes in the temporal
domain, STCM is a newly invented family of codes. It com-
bines the diversity advantage of space-time processing with
the bandwidth efficiency and error correction coding of trellis
coded modulation (TCM) [4], [5], [6]-

Turbo codes were originally proposed for binary modula-
tion. Due to their remarkable performance, turbo codes be-
came a subject of intensive current research in a wide range
of telecommunications applications. The link between turbo
coding and STCM is very interesting but not obvious. Recent
publications have taken some steps in that direction. First,
schemes were suggested that extend turbo coding to higher or-
der modulations [7, 8]. These schemes combine binary turbo
codes with higher order modulation or, alternatively, employ
multilevel component codes. A serial combination between
turbo coding and STCM was suggested in [9] with the turbo
code serving as the outer code, and STCM serving as the inner
code. Alternatively, turbo coding can be concatenated with
spatial diversity [10].

In this work, we take a different approach, where turbo
codes and STCM are not concatenated but rather merged.
In this arrangement, STCM provides the constituent codes.
The basic principle of turbo coding-decoding is applied by
retaining the soft-decision and iterative decoding. The pa-
per is organized as follows: in section II, we introduce the
main concept of a turbo-STCM encoder based on a parallel
architecture. In section III we derive an iterative mazimum a
posteriori soft-decoder, and present the principles of the sub-
optimal algorithm. Section IV provides numerical results for



a 2 b/s/Hz code. These include a comparison with other 2
b/s/Hz methods such as STCM and turbo-TCM. Finally, sec-
tion V provides the conclusions.

II. TurRBO-STCM ENCODER

Turbo-STCM applies the basic structure of turbo codes to
space-time coded modulation (STCM). The turbo-STCM con-
stituent codes are two STCM modules in systematic form. A
schematic of a 4-PSK systematic STCM encoder is shown in
Fig. 1. The constituent codes are connected in parallel as
shown in Fig. 3. A pseudorandom symbol-wise bit interleaver
between the STCM encoding modules ensures that the trans-
mitted data stream possesses random-like properties. The in-
tegration of STCM modules in turbo-STCM is similar to the
integration of TCM in the turbo-TCM structure of [8]. In
particular, there are some important differences between the
binary turbo codes in [3] and turbo-STCM: (1) the constituent
STCM codes need to be systematic at the symbol level rather
than the bit level, (2) the interleaver operates on symbols,
(3) the turbo-STCM output consists of multiple streams of
symbols that are being transmitted through multiple trans-
mit antennas.

Consider a wireless data system that employs turbo-STCM
to transmit data sequences of length L symbols, through N
transmit antennas. For clarity, we base the presentation on
a specific example. A constituent 4-PSK, eight-state STCM
encoder is shown in Fig. 2. The input to each STCM consists
of pairs of bits and the output is formed by N = 2 streams
of 4-PSK symbols. Referring to the figure, the two labels as-
sociated with each trellis branch represent the phases of the
4-PSK signals transmitted by each antenna. The signal map-
ping is also shown in Fig. 2. It can be easily verified that
the STCM encoder is systematic in the sense that the symbol
transmitted by the first antenna corresponds to the two input
bits, while the other antenna transmits the two parity bits.

The architecture of the turbo-STCM encoder is shown in
Fig. 3. To best illustrate the operation of the turbo-STCM
encoder, we continue with the specific example. For clar-
ity of presentation, we assume a short sequence of six pairs
of bits. In practice, sequences will be much longer such
that the output of the interleaver is pseudo-random with re-
spect to its input symbol sequence. Assume that the data
block to be transmitted consists of the following pairs of bits:
(00,01,11,10,00,11). For brevity of notation, we use the sig-
nal mapping in Fig. 2 to list the input sequence in terms of
four level symbols (0,1,3,2,0,3). Following the trellis tran-
sitions in Fig. 2, the output of encoder STCM1 consists of
the sequence of pairs of 4-PSK symbols (00, 10, 31, 23, 01, 32).
Prior to being fed to STCM2, the input sequence is inter-
leaved by a pairwise bit interleaver. Let the interleaver out-
put be (3,3,0,1,0,2). When this sequence is fed to encoder
STCM2, the output is given by (30, 33, 02, 13, 00, 22). The out-
put of STCM2 is then de-interleaved (IL™') to ensure match-
ing of the systematic parts at the output of each STCM en-
coder (i.e., the first of each pair of symbols of each STCM
encoder). With that in mind, transmission of the system-
atic components can be accomplished by STCM1 only. Both
STCM1 and STCM2 transmit parity symbols. It follows that
IL™! can be applied only to the parity symbol at STCM2’s
output. Following the de-interleaver, the parity symbol se-
quence becomes: (0,3,0,2,2,3). Antenna 1, which transmits
the systematic part of the codeword, is connected only to

STCM1. A selector alternatively selects the output of en-
coder STCML1 or the de-interleaved output of encoder STCM2.
Thus, the symbol sequences transmitted by the two anten-
nas are (0,1,3,2,0,3) and (0,3,1,2,1,3), respectively. This
arrangement ensures that the 4-PSK symbols are transmit-
ted systematically and that the parity symbols are alternately
chosen from STCM1 and STCM2.

III. THE MAP DECODER

The turbo-STCM system is multiple-input multiple-output
(MIMO) with the receiver utilizing an array of M antennas.
The signals at the turbo-STCM receiver input are modeled as
a sequence of M x 1 vectors, y = (y1,...,¥r), where each
component of yj represents the signal received at time k, at
one of the receive antennas. Then the received signal at the
receiver array at time k is given by

Y& = Hug + zg, (1)

where H is the M x N matrix of channel coefficients assumed
fixed during an arbitrary time interval referred to as frame
(quasi-static flat fading). The 4, j element of H represents the
path gain from transmit antenna j to receive antenna i. The
N x 1 vector ux represents the symbol streams transmitted
by each antenna at the transmitter. Additive white Gaussian
noise is modeled by the M X 1 vector zx. The noise is as-
sumed complex-valued, Gaussian distributed with zero-mean
and variance Np/2 for each real and imaginary components.
The elements of the noise vector are assumed independent and
identically distributed.

Decoding of turbo-STCM is based on the mazimum a pos-
teriori (MAP) criterion. The decoder consists of an iterative
receiver structure as shown in Fig. 4. A sub-optimal MAP
algorithm is derived for a receiver with multiple antennas.

The optimal MAP solution for the N transmitted symbols
(one symbol for each transmit antenna) at time k is given by:

Uy, = arg max P(uy = i/y), k=1,2,...L, (2)

2

where P(u, = i/y) is the a posteriori probability of the signal
ug, ¢t € {1, .. ,mN} denotes the symbol vector index, and m
represents the number of symbols in the transmitter output
alphabet (for example for 4-PSK, m = 2). Turbo codes are
block codes with a block length equal to the length of the
interleaver. This makes the analysis of turbo codes very dif-
ficult if approached from the point of view of very long block
codes. But a major advantage of turbo codes is the avail-
ability of relatively simple sub-optimal algorithms based on
decoders associated with the constituent codes. Each STCM
APP decoder estimates its own a posteriori probability (APP).
Data is shared between STCM APP decoders and an iterative
process is applied to refine the soft decisions.

The soft decoder is based on Bahl’s algorithm [11]. The
decoder consists of two constituent STCM decoders each com-
puting the APP associated with a constituent STCM encoder.
The turbo-STCM decoder is shown schematically in Fig. 4. It
features an extension of the iterative decoder for turbo-TCM
suggested in [8] to the MIMO case. Unlike classical binary
turbo codes, with turbo-STCM, systematic and parity sym-
bols are transmitted through different transmit antennas, but
are received in a combined form at the receiver. Hence, the
systematic and parity components can not be separated as it
is done for the binary case. This requires modifications in the



design of the turbo-STCM receiver. As shown in Fig. 4, the
decoder features two parallel MAP decoders denoted APP1
and APP2, respectively. The output of each APP decoder
is split into two components: (1) a-priori and (2) systematic
and extrinsic. Each APP decoder will pass only the system-
atic and extrinsic component to the other APP decoder. That
ensures that the systematic information is not be used more
than once in each corresponding STCM APP decoder.

Let i € {1,---,m"} be the input symbol associated with
the trellis branch transition at time k¥ between states s’ and
s. The notation refers to the state at time £ — 1 as being
indexed by s’. The states at k and k + 1 are indexed by s and
s”, respectively. The received signal consists of a sequence of
M x 1 symbol vectors y = y1,y2, -, yr. The MAP decoding
algorithm computes and maximizes the APP at time k:

max P(ug = i/y) =max )y Plux=i.¢,s/y), (3)

where the sums in (3) are taken over all trellis branch transi-
tions from states s’ to states s when uy = 3.
Bayes rule can be applied to obtain the APP expression

P(uk :i,s',s,y)
Ei Zs Zs’ P(llk = 1:7 S’, 31}’) '

Note that the denominator of the expression is
Y>> Plup=1,5,s,y) = P(y). Next, we concentrate
on computing the joint probability P(u; =i, s',s,y).

Utilizing a procedure similar to Bahl’s for decoding convo-
lutional codes [11], it is possible to express the joint probability
P(u; =14,5',s,y) as the product:

P(uy =1i,5',s/y) = (4)

(5)

where the recursive expression for the forward probability
from state s’ to state s is

P(uk =1, S’a 8, y) = Otk_l(sl)’)/i(sl, S,yk)ﬁk(s),

P(Sy Ytk yk)
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ar(s) =

(6)

The backward probability 8% (s) in recursive form in terms of
the reverse transitions from state s’ at time k 4 1 to state s
at time k is:

Br(s)

P(yi>r/s)
Z Br+1(8")v(s,8", yr+1)-

P

(7)

If we assume no parallel transitions between states, then the
branch transition probability y(s',s,yr) (the probability of
transitioning from s’ to s with output y) is determined by
the joint probability of s and yy, given ',

v(s',8,y8) = P(s,yx/s)
= ZP(yk/uk =i, s,8)P(u, =i/s,s)P(s/s)

Z ’Yi(sl7 S, yk)-
By combining (6),(7) and (8), the APP can be expressed

ZZP(uk =1,8s/y)

)

P(u. =ify) =

Zs Zsl ak'—l(sl)'yi(sla 8, Yk')ﬁk'(s)
Do 2w 2o k=1(8)%i (87, 8, ¥k)Br (s)
Zs Zs’ ak—l(sl)'yi(sla 8, Yk')ﬂk(s)
= , (9)
P(y)
where the above equation comprises a-priori, systematic and
extrinsic recursive terms. In practice, the computation of
the probability P(y) is not necessary since at each itera-
tion, APP’s P(ux = i/y) in (9) can be normalized such that

> Plup=ify) =1

Sub-optimal Log-MAP Algorithm

Expression (9) provides the APP for each of the possible
transmitted symbol vectors. As a fact, there are two practical
problems that affect this computation: (1) it is computation-
ally intensive requiring a large number of multiplications per
symbol, (2) it is sensitive to numerical round-off errors. To
overcome these problems, a sub-optimal logarithmic form of
the algorithm is adopted. The best benefit of executing the
MAP algorithm in the logarithmic domain is that multiplica-
tions becomes additions and that computations of exponen-
tials is avoided. A drawback is however, that sums of expo-
nentials are not simpler to calculate. An approximation to
a sum of exponentials in the log-domain can be obtained as
follows: comnsider the Jacobian logarithm,

log (¢” + ¢¥) = max (z,y) +log (1 + exp (— |y —z[)). (10)

This suggests that addition in the log-domain becomes a
maximization operation combined with a correction function.
Furthermore, when y and z are not equal, that correction
function is close to zero. Thus a reasonable approximation to

the above equation is
log (e” + €¥) ~ max (z,y) .

(11)

Relation (11) is used to convert (3)-(9) to the log-demain.
For example, (8) becomes in the log-domain:

log D 7i(s', 5, yx)]

7(311 S, yk)

(12)

It is of interest to take a close look at (12). The branch
transition probability in the log-domain can be written

= miaxlog['yi(sl, 5, ¥x)].

log[y(s',s,yx)] = log P(yk/ux =1i,5',s)
+ log P(ux =i/s',s)+1log P(s/s)
1 7TNO

=3 log(—

E .
2 ) — o Iye—Hue||* +log P(ux = ). (13)
0

Since s’ — s occurs only for ux = i, we have P(s/s') =
P (up, =1i). If there does not exist an 7 such that
P(u, =1i/s',s) = 1, then 7 (s',s,yx) = —oo. Note that the
second term of the branch metric computation in (13) is ex-
actly the same as the branch metric used by the classical
Viterbi algorithm. The forward probability o and backward
probability S follow processing similar to (13).
Let the STCM APP1 output at time k be
Mi (uy) = log P(ux = i/yy), (14)

where y,(cl) is the input data to APP1. Ideally, y,(cl) would
consists of the noisy and faded signal transmitted by STCM1.



However, due to the encoder architecture, the input to APP1
consists of: (1) correct systematic data, (2) parity data that is
alternately provided by STCM1 or STCM2, (3) noise. Thus,
the input to APP1 consists of a sequence that contains correct
STCM1 symbols punctured by STCM2 symbols. To overcome
this difficulty, at the times corresponding to the punctured
symbols, the data input to APP1 is set to zero, and the only
input to APP1 is the a priori information. When not set to
zero, the input to APP1 is given by the metric computation

(1)

2
y,(cl)—Huk H , where y,”’ is a vector of non-punctured values

corresponding to decoder 1, the norm is Euclidean, and uy, is
the hypothesized transmitted vector. Subsequently, APP1 is
computed from this metric value and the a priori information.
A distinguishing feature of turbo-STCM iterative decoding is
that the a priori input to APP1 is provided by the output
of APP2. There is a caveat, however. Only new information
generated by APP2 can be fed to APP1. The APP2 output
My (ux) can be written

My (we) = W (v /we) + L (w), (15)

where ¥y (y,(f) /uk) is the extrinsic information derived by

APP2 at the current stage of decoding, which will be used
as the a-priori information of the APP1 decoder in the next
iteration, and L2 (uk) = log P (u =) is the a-priori infor-
mation into APP2. To preclude multiple uses of the same
information, only ¥, (y,(f)/uk) is fed to APP1 as a priori

information. Similarly, the APP1 output is separated into
extrinsic and a prior: parts:

(v /) = Mi (o) = Ln (). (16)

Then ¥y (y,(cl)/uk) is fed to APP2 as a priori information.

IV. SIMULATION RESULTS

In this section, we present simulation results on the per-
formance of the new turbo-STCM scheme for multiple trans-
mit and receive antennas. The simulation was performed for
frames of 1024 information bits and 4-PSK modulation trans-
mitted over a quasi-static, flat Rayleigh fading channel. The
quasi-static assumption means that the channel was assumed
constant during a frame, but independent frame-to-frame. For
illustration purposes, performance is also provided for a 4-
PSK, eight-state conventional STCM scheme with N = 2
transmit and M = 2 receive antennas as given in [4], and
for a 8-PSK, eight-state turbo-TCM single-input single-output
scheme [12]. The interleaver/de-interleaver is chosen to be
pseudo-random and the STCM trellis diagram has no parallel
transitions. Note that all schemes correspond to a throughput
of 2 b/s/Hz per transmit antenna.

Fig. 5 and Fig. 6 shows the bit error rate (BER) perfor-
mance of turbo-STCM with two transmit and two receive an-
tennas for various number of iterations. In Fig. 5, the BER
is plotted versus the ratio E,/Ny dB per receive antenna. It
is observed that at BER = 1072, the gain achieved by ad-
ditional iterations is respectively, 3 dB, 2.7 dB, and 1.7 dB,
where the last figure is for the gain obtained by adding four
iterations for a total of eight iterations. In Fig. 6, the BER
is plotted versus the number of iterations for various FEj/No

values. From the two figures, it can be seen that the decod-
ing methods converge, i.e., little is gained by performing more
than four iterations. Four decoding iterations are used in the
comparisons with other schemes.

Fig. 7 provides a comparison of the following methods: (1)
4-PSK eight-state turbo-STCM with 2 transmit antennas and
2 receive antennas (2T2R), (2) 4-PSK four-state turbo-STCM
2T2R, (3) 4-PSK four-state turbo-STCM 2T1R, (4) conven-
tional 4-PSK eight-state 2T2R STCM, and (5) 8-PSK eight-
state turbo-TCM 1T1R. It is observed that at BER = 10~ *,
2T2R eight-state turbo-STCM has the following advantages:
2.8 dB over 2T2R four-state turbo-STCM, 4.7 dB over eight-
state 2T2R STCM, 10 dB over 2T1R turbo-STCM, and 20
dB over single antenna turbo-TCM.

V. CONCLUSIONS

In this paper we introduced a new class of turbo-codes with
space-time codes as the constituent codes. The new turbo-
STCM codes combine the high temporal performance of
turbo-coding with the spatial diversity advantage of space-
time processing and the bandwidth efficiency of coded modu-
lation under a single framework. We outline a parallel turbo-
STCM encoder scheme with two constituent systematic space-
time codes. The bit-wise interleaver is replaced by an inter-
leaver operating on groups of bits. A sub-optimal MAP iter-
ative decoder is also presented. The decoder operates in the
logarithmic domain to avoid numerical problems and to reduce
the MAP decoding complexity. Using simple STCM compo-
nent encoders (four or eight states), system performance is
studied for a 4-PSK turbo-STCM code with 2 transmitter an-
tennas and 2 receiver antennas. It is shown that significant
gains can be obtained in performance over a Rayleigh fading
channel. In particular, an advantage of 4.7 dB is achieved over
conventional STCM.

Such turbo-STCM codes can be easily extended to higher
efficiency modulation, larger interleaver size and more than
two parallel constituent STCM encoders for additional coding
and diversity gain. These codes have the potential to facili-
tate high-rate data transmission over fading channels in future
wireless networks.

References

[1] G.J. Foschini,Jr and M.J. Gans, “On limits of wireless
communication in a fading environment when using mul-
tiple antennas,” Wireless Personal Communication, Mar.
1998.

[2] T.L. Marzetta and B.M. Hochwald, “Capacity of a mo-
bile multiple-antenna communication link in rayleigh flat
fading,” IEEE Transactions on Information Theory, vol.
45, pp. 139-157, Jan. 1999.

[3] C. Berrou, A. Glavieux, and P. Thitimajshima, “Near
Shannon limit error-correcting coding and decoding:
Turbo-codes,”  Proceeding of ICC’98 Conference, pp-
1064-1070, May 1993.

[4] Vahid Tarokh, Hamid Jafarkhani, and A. Robert Calder-
bank, “Space-time block coding for wireless communica-
tions: Performance results,” IEEE Journal on Selected
Areas in Communications, vol. 17, pp. 451-460, Mar.
1999.



[5]

[7]

(8]

[12]

Fig.

A. F. Naguib, V. Tarokh, N. Seshadri and A. R. Calder-
bank, “A space-time coding modem for high-data-rate
wireless communications,” IEEE Journal on Selected
Areas in Communications, vol. 16, pp. 1459-1478, Oct.
1998.

V. Tarokh, N. Seshadri and A. R. Calderbank, “Space-
time codes for high data rate wireless communications:
Performance criterion and code construction,” IEEFE
Transactions on Information Theory, vol. 44, pp. 744-
765, Mar. 1998.

S.L. Goff, A. Glavieux, and C. Berrou, “Turbo-codes and
high spectral efficiency modulation,” International Con-
ference on Communications (ICC), pp. 645-649, May.
1994.

P. Robertson and T. Worz, “A novel bandwidth efficient
coding scheme employing turbo codes,” Proceeding of
ICC’96 Conference, pp. 962-967, 1996.

Gerhard Bauch, “Concatenation of space-time block
codes and turbo-TCM,” Proceeding of ICC’99 Confer-
ence, pp- 1202-1206, June 1999.

A. Stefanov and T.M. Duman, “Turbo coded modula-
tion for systems with transmit and receive antenna di-
versity,” Proceeding of GLOBECOM’99 Conference, pp.
2336—-2345, Dec. 1999.

L.R. Bahl, J. Cocke, F. Jelinek, and J. Raviv, “Opti-
mal decoding of linear codes for minimizing symbol error
rate,” IEEE Transactions on Information Theory, pp.
284-287, Mar. 1974.

P. Robertson and T. Worz, “Bandwidth-efficient turbo
trellis-coded modulation using punctured component
codes,” IEEE Journal on Selected Areas in Communi-
cations, pp. 206-218, Feb. 1998.

4 PSK

ey T sy
g - 4P 4

4-PSK _____:37
~| mapper

1: Systematic STCM encoder for 4-PSK, four-state, 2 transmit

antennas, 2b/s/Hz.

Binary
Inf. (0,1)
/100102030 ) Set-partitioning
| 01112131 mbol Mappin
a 12023222 S ping sk |1
13033323 0—=0
NRN 01 :
—> 32221202 10— 2 ZOO J
b, 33231303 11— 3 3
Fig. 2: Recursive systematic STCM encoder for 4-PSK, eight-state,

2 transmit antennas, 2b/s/Hz.

13203

a1

TX2

,3,0,2,2,3

parity Symbol
0,3,2,3,0,2

Input sequence: 0010,31,2301,32
(0,1,32,03) ’
systematic
STCM1 - 7 031213
E
symbol
— i
pairwise
bit IL
(33,0,1,0,2)
systematic
STCM 2

Fig. 3: Turbo-STCM encoder, 2 transmit antennas, 2 b/s/Hz.

TLg.

Tsz

pairwise
bit IL

metric |~ STCM | M1
APP1
a priori
L1 - ?
pairwise
symbol bit IL
IL”
L2
metric STCM
APP 2
detected symbol
M2 | hard decision__
and I

Fig. 4: Turbo-STCM decoder.




10’5 1 1 1 L L L L L [N
5 6 8 9 10
E/N, (dB)

Fig. 5: Performance of turbo-STCM decoder, 2 transmit and 2

receive antennas.

BER

10° I I I I I I I
0 1 2 3 4 5 6 7 8

Number of Iterations

Fig. 6: Convergence of turbo-STCM iterative decoding.

T-TCM 1T1R
T-STCM 2T1R
STCM 2T2R
T-STCM 2T2R 4s| A
T-STCM 2T2R 8s

BER

20

Fig. 7: BER for flat Rayleigh fading, 2 b/s/Hz, input block length
L = 1024 bits.



