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ABSTRACT

This paper presents performance of two level turbo coded 4-ary continuous phase frequency shift
keying. In this system,, to provide phase continuity of the transmitted signals, turbo encoder and
continuous phase encoder (CPE) are serially concatenated at the second level, while first level consist
of only a turbo encoder. Simulation results are drawn for proposed system over AWGN, Rician and
Rayleigh channels for three iterations while frame sizes are chosen as 100 and 1024. High error
performances are obtained for proposed system compared to Trellis Coded CPFSK system
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1. INTRODUCTION

Turbo codes have been shown to provide
excellent coding gains [1]. The performance of
these new codes is close to the Shannon-limit
with relatively simple component codes and
large interleavers. Turbo codes are the most
efficient codes for low-power applications such
as deep space and satellite communications, as
well as for interference limited applications such
as third generation cellular and personal
communication services.

In trellis based structures, to improve the bit
error probability, many scientists not only study
the channel parameters as in [2] but as in [3]-[6]
they have also used multilevel coding as an
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important band and power efficient technique,
since it provides significant amount of coding
gain and low coding complexity. Multilevel
encoder is a combination of several error
correction codes applied to subsets of some
signal constellation. The multilevel coding
scheme employs, at each signaling interval one
or more output bits of each of several binary
error-control encoders to construct the signal to
be transmitted. An important parameter of a
coded modulation scheme is the computational
complexity of the decoder. Usually, a kind of
suboptimal decoder, called the multistage
decoder, is used for multilevel codes [5]-[7].
Nowadays, there are also many attempts to
improve the performance of Multilevel Turbo-


mailto:niyazio@istanbul.edu.tr

108

Performance of Two Level Turbo Coded 4-Ary CPPSK Systems over AWGN and Fading Channels

based systems. In [8] the author discussed the
impact of interleaver size on the performance of
Multilevel Turbo based systems. Power and
bandwidth efficiencies of Multilevel Turbo codes
are also discussed in [9],[10]. In band-limited
channels, such as deep space and satellite
communications, Continuous Phase Modulation
(CPM) has explicit advantages, since it has low
spectral occupancy property [11],[12]. To
improve error performance and bandwidth
efficiency, we combined Multilevel Turbo
Coding and Continuous Phase Modulation.

2. SYSTEM MODEL

2.1 Encoder Structure

Two level turbo coded 4-ary CPFSK system
structure is consist of two parallel turbo
encoder/decoder levels as in Figure 1. There is
one binary Turbo encoder at first level of
multilevel turbo encoder and Continuous Phase
Encoder (CPE) is placed after the second level
turbo encoder. Here, CPE is used to achieve the
phase continuity of the transmitted signals and its
state indicates the initial phase of the instant
signal. Each turbo encoder is fed from one of the
input bit streams, which are processed
simultaneously. The outputs of these encoders
can be punctured and thereafter only the second
level output is passed through CPE. Then, these
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outputs are mapped to 4-ary CPFSK signals
according to the partitioning rule.

In partitioning, Xy is the output bit of the first
level turbo encoder where signal set is divided
into two subsets. If x, ;=0 then the first subset is
chosen, if X, ;=1 then the second subset is chosen.
The X, bit is the output bit of the second level
turbo encoder and divides the subsets into two
same as previous levels. At the second level, to
provide phase continuity CPE encoder is placed
after last level turbo encoder. Therefore, at this
level signal set is divided twice and hence the
signal, which will be sent to channel, is selected.
In each level, we consider a 1/3 Recursive
Systematic Convolutional (RSC) encoder with
memory size M=2. For each level, input bit
streams are encoded by the turbo encoders. At
turbo encoder outputs, the encoded bit streams to
be mapped to 4-ary CPFSK signals are
determined after a puncturing procedure. The
first bit is taken from the first level turbo encoder
output, the second bit is taken from second level
encoder output and the other bits are obtained in
similar way. Following this process, the bits at
the outputs of the turbo encoders and continuous
phase encoder are mapped to 4-ary CPFSK
signals by using set partitioning technique, which
is mentioned above. Set partitioning of 2LTC-
CPFSK is shown in Figure 2.
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Figure 1. MLTC-CPFSK Block Diagram
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Figure 2. Set partitioning for 4-ary CPFSK

Here, if the output bit of the first level turbo
encoder is x,1=0, then u} set, if it is x,;=1, then
u; set is chosen. The first output bit {x,,, } of
the CPE determines whether u? or uZ subsets to
be chosen and the second output bit { x, ,, }of the

CPE selects the signal, which will be transmitted
using previous partitioning steps. In our case,
RSC encoder has feedback polynomial g®=7 and
feedforward polynomial g¥=5, and it has a
generator matrix is,

2
G(D)=|1 % 1)
1+D
2.2. Decoder Structure
The received signal can be shown as,
i = AU+, )
where 1, is noisy received signal, uy is

transmitted MLTC-CPFSK signal, p is fading
parameter and ny is Gaussian noise at time k.
The maximum a posteriori (MAP) algorithm
calculates the a posteriori probability of each bit.

Let 7¥(S, —S,,,) denote the natural

logarithm of branch metric ¥ * (S, — S.1)

where s; is encoder state at kth coding step and
st is the decoding stage, then

7 (8 2 S) =Ny (s, >5,.1) ®)
~.=InP[d, ]+ InP[r|x]

where,

InP[d,]=zd, —In(L+e™) 4

Z¢ is the a priori information which is obtained
from the output of the other decoder. For every
decoding stage of MLTC-CPFSK, zero and one
probabilities {P%, P1} of the received signals
are calculated at time k and decoding stage st
{1, 2, ... ,log;M} as below,

(M/st)-1 1
k.0 = Z st \2 (5a)
j=0 (Vk - uovj )
(M /st)-1 1
Pl= Y ———— (5b)
1 " (Vk _ ULJ )2

where, v, is CPFSK demodulator output and
{ug'; . u; } are signal sets which are obtained by

the set selector using previous stage turbo
decoder output {d,, }. In MLTC-CPFSK

scheme, each digit of binary correspondence of
MCPFSK signals, matches to one stage from
most significant to least significant while stage
level st increases. Signal set is partitioned into
the subsets due to the each binary digit matching
stage depending on whether it is 0 or 1. After
computing the one and zero probabilities as in
Equation (5a) and (5b), received signal is
mapped to {-1,1} range using 0 and 1
probabilities of the received signal as,

st

PN (6)
F)k,O + Pk,l

These probability computations and mapping are
executed in every stage of decoding process
according to the signal set. In our decoder
scheme in Figure 1, signal set selector operates
using (5) and (6). In Thus, Equation (4) becomes

7S = Se.y) =1n P[dk]—%ln(nNolEs)

E n-1 . 2
e Y [E - (2x - 1) ] 7)
No q=0
Now leta™(s,) be the natural logarithm
ofa™(s,),
a (Sk) =Ina” (Sk) 8

Niyazi ODABASIOGLU



110

Performance of Two Level Turbo Coded 4-Ary CPPSK Systems over AWGN and Fading Channels

B (50 =1 %)

=In >
Sk41€B

where B is the set of states sy, that are connected
to state s, , and we can calculate the Log
Likelihood Ratio (LLR) by using

Sexi(5)+7°6 =S+ B 6]
=g ___.(10)
> X (5) 745 =S+ B 6]

S

oxp| 7 (5, + 7% (5 skﬂ)]} ©)

Askt

where S, ={s, —s,,,:d, =1} is the set of all state
transitions associated with a message bit of 1,
and s,={s,—s,:d =0} is the set of all state

transitions associated with a message bit of O.
At the last iteration we make the hard decision
by using the second decoder output A(st,2),

o,

k

{1 if A(st,2)>0
(11)

0 if A(st,2) <0

3. SIMULATION RESULTS

The Bit Error Ratio (BER) versus Signal to
Noise Ratio (SNR) curves of two level turbo
coded 4CPFSK system are obtained for AWGN,
Rician (for Rician channel parameter K=10 dB)
and Rayleigh channels. The results are shown in
Figure 3,4. Here, frame sizes are chosen 100 and
1024. To compare our scheme’s performance, we
selected a well-known best code from literature,
which is presented in [13] by Naraghi-Pour. In
our study, these reference codes are called Ref-1.
Ref-1 is binary trellis coded 4-ary CPFSK
scheme with Ry=2/3 coding rate. Our example,
2LTC-CPFSK system, is very suitable for
comparison with Ref-1, since they both have 4-
ary CPFSK with R=2/3. Our proposed system
have better error performance than Ref-1 in all
channels and SNR values. As an example, the
proposed systems have coding gain between 3.1-
5.7 dB for the same channels with a bit error rate
of 10 when compared to reference system. For
the frame size 1024, at a bit error probability of
10, 2LTC-CPFSK system provides 4.2, 4.4, 5.7
dB coding gains over Ref-1 for AWGN, Rician
and Rayleigh channels respectively.

Furthermore, there is only approximately 0.5 dB
gain by increasing frame size from 100 to 1024.
Thus, in our model, even if small frame sizes are
chosen, sufficient bit error probabilities are
obtained.
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Figure 3. Performance curves of 2LTC-4ary
CPFSK System for N=100
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Figure 4. Performance curves of 2LTC-4ary
CPFSK System for N=1024

4. CONCLUSIONS

In this paper, error performance of two level
turbo coded 4-ary CPFSK system is studied.
Binary turbo codes are used instead of classical
convolutional codes at each coding level in Imai-
Hirakawa type multilevel coding scheme.
Besides, multilevel turbo codes and CPFSK
modulation are combined at one structure.
Beside, multilevel turbo coded CPFSK systems,
which has better error performance than the
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corresponding reference system, is obtained.
Also, 2LTC-CPFSK system’s error performance
curves are obtained via computer simulation over
AWGN and fading channels. In our scheme,
decoding delay can be minimized, since
sufficient bit error rate is reached in a few
number of iterations. In this case, we have shown
that, 2LTC-4CPFSK  system provides
considerable coding gain up to 57 dB.
Furthermore, since CPFSK is selected, proposed
system has also bandwidth efficiency.
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