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Abstract. Standards like Long Term Evolution (LTE) employ Turbo coded
QAM systems in order to achieve high data rates. Despite the fact that several
mechanisms have been proposed in order to enhance the error performance of
Turbo coded QAM systems, there is still the need to come up with novel or hybrid
systems which can contribute towards further improved error performances. In
this paper, a comparative analysis has been performed between symmetric and
asymmetric LTE Turbo codes with the incorporation of techniques such as pri-
oritization and regression based extrinsic information scaling. Results demon-
strate that significant enhancement in the error performance throughout the whole
Eb/N0 range can be obtained with high order modulation when these techniques
are used. With both symmetric and asymmetric LTE Turbo codes employing
64-QAM and a code-rate of 1/3, an average gain of 0.3 dB below BERs of 10−1 is
obtained over symmetric and asymmetric LTE Turbo codes.
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1 Introduction

Ever since Berrou et al. came up with Turbo codes - the powerful and near
Shannon-limit [1] error correcting code [2, 3], several standards in the realm of digital
communications have approved their deployment. The Long Term Evolution (LTE) [4,
5] and CDMA 2000 [6] standards have exploited Turbo coded QAM systems with the
aim of obtaining high data rates and reliable transmission. The significant impact of
Turbo codes has led the research community to unearth several techniques such as
asymmetric Turbo encoding [7–10], prioritisation in Quadrature Amplitude Modulation
(QAM) constellation mapping [9, 11, 12], scaling of extrinsic information and iterative
detection [13–15] which have contributed towards the improvement in error perfor-
mance and computational complexity reduction. An overview of these different tech-
niques is presented next.
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Interesting modifications have been proposed for conventional Turbo codes over
the years. In [10], the authors have studied the error performance of asymmetric Turbo
codes and demonstrated an improved performance in the pre-error floor as well as the
error floor regions. In view to proceed with the work of [10], an evaluation of the
performance of asymmetric and symmetric Turbo codes in a channel with Additive
White Gaussian Noise (AWGN) was done in [16]. The results of the simulations
presented in [16], have demonstrated that asymmetric Turbo codes can provide better
performance than symmetric Turbo codes in addition to lower complexity of the
decoder, provided a proper selection of the generator polynomials is made. Addi-
tionally, in [7], the authors have proposed a novel kind of Turbo codes with
un-identical encoders specifically for interleavers of medium size. This scheme has
been devised using the selection algorithm for the generation of polynomials corre-
sponding to the largest spread Quadrature Permutation Polynomial (QPP) interleaver.

The prioritised QAM constellation mapping impacts the error performance of
Turbo codes positively. This is achieved by making use of the Unequal Error Protection
(UEP) property of the QAM constellation such that an increased protection is provided
to the systematic information bits. Lüders et al. have applied this technique in [9]. The
authors of [11] have proposed a system combining prioritised constellation mapping,
adaptive Sign Difference Ratio (SDR) based extrinsic information scaling, and Joint
Source Channel Decoding (JSCD) in order to enhance the error performance of Turbo
coded 64-QAM. The results demonstrate that combining these techniques can help
achieve a gain of 2.5 dB on average compared to conventional system of Turbo coded
64-QAM at Bit Error Rates (BERs) above 10−1. As an extended work of [11], the work
in [12] studies the error performance of LTE Turbo codes with the same combination of
techniques. Additionally, the prioritised constellation mapping is investigated with both
16-QAM and 64-QAM. The results presented demonstrate that with 16-QAM, the
combination of all the techniques can help achieve an average gain of 1.7 dB over the
conventional scheme at BERs above 10−1. With 64-QAM, a performance gain of 3 dB
on average is obtained compared to the conventional scheme.

The objective of extrinsic information scaling is to improve the performance of the
Turbo decoder by scaling its extrinsic information using a scale factor. For instance, the
authors of [14] have deployed a constant scale factor in order to enhance the
Max-Log-MAP Turbo decoding algorithm, while in [17], a modified MAP algorithm
which uses a constant scale factor has been proposed. Interestingly though, in [13], a
scaling scheme extending the Sign Difference Ratio (SDR) mechanism in [15] to
dynamically obtain a scaling factor at each iteration for each data block has been
proposed. In [18], a novel early stopping mechanism and extrinsic information scaling
based on regression analysis for LTE Turbo codes was proposed. The results
demonstrate an improved error performance in addition to reduced number of average
iterations as compared to both the conventional scheme and the one making use of
SDR based stopping and scaling.

The work presented in this paper aims at analysing the performance of LTE Turbo
coded QAM systems integrating: asymmetric encoders, prioritisation in QAM con-
stellation mapping, and regression analysis based extrinsic information scaling. At the
transmitter side, the symmetric/asymmetric encoder operates on the input systematic
information to output the encoded bits. Prioritised constellation mapping is then
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performed such that the highest priority is allocated to the systematic bits on the QAM
constellation. Finally, a regression based extrinsic information scaling mechanism is
used in the decoding mechanism at the receiver side. The performance of both sym-
metric and asymmetric Turbo codes was found to be almost similar but they outper-
formed the conventional LTE Turbo codes when prioritization and scaling were
incorporated.

The organisation of this paper is as follows. The complete system model is
described in Sect. 2. The simulation results and analysis are described in Sect. 3.
Section 4 concludes the paper and provides some future works.

2 System Model

The system’s transmitter block diagram is shown in Fig. 1. The information bits are
sent through the encoder in blocks of length equal to the interleaver size to output the
systematic information S0 and the two parity information P1 and P2. The asymmetric
encoding is achieved with the different generator polynomials for RSC1 and RSC2 [7,
10, 16]. After the sub-block interleaving, a prioritization QAM constellation mapping is
performed so as to provide more protection to the systematic information bits. The
modulated symbols are then transmitted over the AWGN channel.

The receiver side is shown in Fig. 2. P0t;P1t and P2t are the soft information
which are forwarded to the turbo decoders. P0t corresponds to the systematic bits while
P1t and P2t correspond to the parity bits.
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Fig. 1. Transmitter system.
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The equations of the Max-Log-MAP algorithm [3, 19] for conventional turbo
decoding are given next. The probability pertaining to the branch transition for DEC 1
at time instant t, starting in state l0 and ending in state l with an input bit i(i = 0 or 1) is:

c1 ið Þ
t l

0
; l

� �
¼ log p1t ið Þ: exp � P0t � S0t½ �2 þ P1t � P1t½ �2

2r2

 !" #

¼ log p1t ið Þ� �� P0t � S0t½ �2 þ P1t � P1t½ �2
2r2

 ! ð1Þ

Where,
P0t and P1t are the de-mapped soft-information bits corresponding to the bipolar

equivalent of the transmitted systematic bits S0t and first parity bits, P1t respectively;
logðp1t ið ÞÞ is the natural logarithm of the a-priori probability corresponding to input

bit i computed from the extrinsic information of the channel and fed to the first decoder;

Fig. 2. Receiver system [18].
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r2 is the noise variance.
The forward recursive variable, a1t lð Þ, at state l and time t for a decoder with MS

states is computed as:

a1t lð Þ ¼ max a1t�1ðlÞþ c1 ið Þ
t ðl0 ; lÞ

� �
; for 0� l

0 �MS � 1 ð2Þ

The backward recursive variable,b1t lð Þ, at state l and time t is computed as the
following:

b1t lð Þ ¼ max b1t�1ðl
0 Þ þ c1 ið Þ

t ðl; l0Þ
� �

; for 0� l
0 �MS � 1 ð3Þ

The Log-Likelihood Ratio (LLR), ^ nð Þ
1 tð Þ at time t and nth iteration for the first

decoder is given as:

^ nð Þ
1 tð Þ ¼ max a1t�1 l0ð Þ þ c1 1ð Þ

t l; l0ð Þ þ b1t ðlÞ
� �

�max a1t�1 l0ð Þ þ c1 0ð Þ
t l; l0ð Þ þ b1t ðlÞ

� �
for 0� l

0 �MS � 1
ð4Þ

The extrinsic information, ^ nð Þ
1e tð Þ at time t and iteration n for the first decoder is

given as:

^ nð Þ
1e tð Þ ¼ ^ nð Þ

1 tð Þ � 2
r2

P0t � ^ n�1ð Þ
2e ðtÞ ð5Þ

Where,

^ n�1ð Þ
2e ðtÞ is the de-interleaved extrinsic information at time t and the ðn� 1Þth

iteration for the second decoder.
The same decoding operations are performed by DEC 2 using the inputs P0t, P2t

and p2t ið Þ.
Where,
p2t ið Þ is the a-priori probability with input bit i and computed from the channel

extrinsic information to be sent to the second decoder;
P0t and P2t are the de-mapped soft-information bits corresponding to the bipolar

equivalent of the interleaved systematic bits S0t and second parity bits, P2t respectively.
Additionally, at the Turbo decoder side, an extrinsic information scaling mecha-

nism based on regression analysis is deployed. The Regression Analyser [18], outputs

r2ðnÞd which is the factor for scaling. This factor is computed by measuring the linear

correlation between the A-Posteriori LLR K nð Þ
d tð Þ

� �
and the Extrinsic LLR K nð Þ

de tð Þ
� �

,

where, the decoder number is d ¼ 1; 2f g; r2ðnÞd is the factor used to scale the extrinsic
information from decoder d at iteration n; N is the packet length which is 6144 [4] in
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this simulation; K nð Þ
d tð Þ is the tth a-posteriori LLR of the decoder d at time t and

iteration n; The mean a-posteriori LLR, bK nð Þ
d , of decoder d at iteration n and is

computed as [18]:

bK nð Þ
d ¼ 1

N

XN

t¼1
K nð Þ

d tð Þ ð6Þ

K nð Þ
de tð Þ is the tth extrinsic LLR at iteration n of decoder d; bK nð Þ

de is the mean extrinsic
LLR at iteration n of decoder d and is computed as [18]:

bK nð Þ
de ¼ 1

N

XN

t¼1
K nð Þ

de tð Þ ð7Þ

n is the number of half-iterations and take values in {½, 1, … Imax (maximum
number of iterations)}.

The scale factor, r2ðnÞd , is computed as follows:

r2ðnÞd ¼
P

K nð Þ
d � bK nð Þ

d

� �
� K nð Þ

de � bK nð Þ
de

� �
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiP

K nð Þ
d � bK nð Þ

d

� �2
�P K nð Þ

de � bK nð Þ
de

� �2r
0
BB@

1
CCA

2

ð8Þ

3 Simulation Results and Analysis

The performance of the following schemes for LTE Turbo codes have been evaluated
through simulation:

1. Scheme 1: This scheme employs the symmetric LTE Turbo codes only.
2. Scheme 2: This scheme employs the asymmetric LTE Turbo codes only.
3. Scheme 3: This scheme employs the symmetric LTE Turbo codes with regression

based scaling only.
4. Scheme 4: This scheme employs the asymmetric LTE Turbo codes only with

scaling based on regression.
5. Scheme 5: This scheme employs the symmetric LTE Turbo codes with scaling

based on regression and prioritization.
6. Scheme 6: This scheme employs the asymmetric LTE Turbo codes with scaling

based on regression and prioritization.

The generator polynomial in octal for both upper and lower encoders of the
symmetric LTE Turbo code is given as G = [1, g1/g2], where g1 = 15 and g2 = 13.
The generator polynomial of the upper encoder in the asymmetric LTE Turbo code is
identical to that of the symmetric LTE Turbo code while that for the lower encoder is
given as G = [1, g1/g2], where g1 = 13 and g2 = 15. The parameters of the QPP
interleaver are: f1 = 263; f2 = 480; packet size, N = 6144 bits; maximum number of
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iterations, Imax = 12; Code-rates: 1/3 and 1/2; Modulations: 16-QAM and 64-QAM;
Channel: complex AWGN.

Figure 3 shows the BER performance of the six schemes with code-rate = 1/3 and
16-QAM. It can be observed that Schemes 3 and 4 outperform all the other schemes for
BERs below 10−1. Schemes 3 and 4 provide an average gain of 0.3 dB below BERs of
10−1 as compared to Schemes 1 and 2 and an average gain of 0.25 dB below BERs of
10−1 compared to Schemes 5 and 6. Schemes 5 and 6 outperform Schemes 1 and 2
only for BERs above 10−4 and Schemes 3 and 4 only for BERs above 10−1.

Figure 4 shows the BER performance for the schemes with code-rate = 1/2 and
16-QAM. It can be observed that Schemes 3 and 4 outperform all the other schemes for
BERs below 10−1. Schemes 3 and 4 provide an average gain of 0.15 dB below BERs
of 10−1 as compared to Schemes 1 and 2 and an average gain of 0.2 dB below BERs of
10−4 compared to Schemes 5 and 6. Schemes 5 and 6 outperform Schemes 1 and 2
only for BERs above 10−5.
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Fig. 3. BER performance of the schemes with code-rate = 1/3 and 16-QAM.
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Fig. 4. BER performance for the schemes with 16-QAM and code-rate = 1/2.
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Figure 5 shows the BER performance of the six schemes with code-rate = 1/3 and
64-QAM. It can be observed that Schemes 3, 4, 5 and 6 outperform Schemes 1 and 2
for BERs below 10−1. Schemes 3, 4, 5 and 6 provide an average gain of 0.3 dB below
BERs of 10−1 as compared to Schemes 1 and 2.

Figure 6 shows the BER performance for the schemes with code-rate = 1/2 and
64-QAM. It can be observed that Schemes 3, 4, 5 and 6 outperform Schemes 1 and 2
for BERs below 10−1. Schemes 3 and 4 provide an average gain of 0.4 dB below BERs
of 10−1 as compared to Schemes 1 and 2. Schemes 5 and 6 outperform Schemes 1 and
2 for BERs above 10−6 and Schemes 3 and 4 only for BERs above 10−3.
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Fig. 5. BER performance of the schemes with code-rate = 1/3 and 64-QAM.
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Fig. 6. BER performance for the schemes with 64-QAM and code-rate = 1/2.
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4 Conclusion

In this paper, a comparative analysis has been performed between symmetric and
asymmetric LTE Turbo codes with the incorporation of techniques such as prioriti-
zation and regression analysis based extrinsic information scaling. At the transmitter
side, a symmetric/asymmetric encoder is used and a re-ordering technique is employed
to prioritise the systematic information bits by placing them on the positions of the
QAM constellation with highest protection. At the receiver side, an extrinsic infor-
mation scaling mechanism based on regression analysis is used. Results demonstrate
that significant enhancement in the error performance throughout the whole Eb/N0

range can be obtained with high order modulation schemes when prioritization and
regression analysis based extrinsic information scaling techniques are used. With both
symmetric and asymmetric LTE Turbo codes employing 64-QAM and a code-rate of
1/3, an average gain of 0.3 dB below BERs of 10−1 is obtained over symmetric and
asymmetric LTE Turbo codes. The main contribution of this work is the performance
analysis comparison of schemes with symmetric/asymmetric LTE Turbo encoders with
prioritization and regression analysis based extrinsic information scaling. The com-
parison shows that the performance of both symmetric and asymmetric Turbo codes are
similar but outperform the conventional LTE Turbo codes when prioritization and
scaling are incorporated. Some interesting future works can be proposed based on the
analysis in this work. A straightforward extension would be to assess the usability of
the proposed combinations with non-binary Turbo codes. A more challenging future
work would be to come up with a mathematical equation which would show the
relationship between the error performance, modulation order, code-rates and channel
quality. Further investigations can be performed for improving the performance of
asymmetric Turbo codes with medium interleaver size.
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