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Abstract

Due to the increasing demand for low power communication in the field of remote control & monitoring, it is necessary to introduce a
communication technique to meet the various QoS requirements even in an inferior radio channels. In order to ensure these QoS re-
quirements, we propose a communication technique that applies the channel code, diversity scheme into power-efficient modulation. It
makes the radio possible to dramatically improve BER by reducing the uncertainty due to fading channels. A core of proposed communi-
cation technique is to maximize the performance gain by adopting diversity technique and channel coding scheme. Diversity gain and
channel coding gain further increase the performance difference (gain) between power-efficient modulation and conventional modulation,
resulting in a signification BER improvement. By adapting the proposed communication technique it is expected to improve the usability
of low-power radio according to the satisfaction of the various QoS requirements.
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1. Introduction

Recently, the usability of low power communication due to the
convergence of various heterogeneous technologies is gradually
increasing (Joonseok Park andMikyeong Moon, 2016). Although a
short-range radio communication related to IEEE 802.11 or IEEE
802.15.4 is still highly available, other low-power communication
is developed that can be applied in the medium range and long
life-cycle. Although not related to global standard such IEEE and
ETSI, the dedicated protocols which can be directly connected
without link-connection are studied only for these low-power ra-
dios. The usability of low-power communication, which is con-
vergence of heterogeneous technologies, is increasing, the type of
QoS requirements are gradually diversified. In order to meet these
QoS demands, the performance improvement of low-power radio
is basically required.

Most of low-power radio devices transmit the data stream at
transmit power of 10mW (Jose A. Gutierrez and Edgar H. Calla-
way, 2004). Since the electromagnetic waves are used, the replica
signals reach the receiving station via multiple paths. The problem
is that these replica signals cause serious signal distortion when
synthesized at the receiving station. Assuming that the replica
signals pass through independent paths, it is possible to reduce the
fading influence by using diversity scheme primarily. Next, by
applying the channel coding scheme, hidden errors can be correct-
ed; therefore, it is possible to achieve an additional performance
gain. The proposed communication technique applied the diversity
technique and the channel coding scheme into power-efficient
modulation to maximize the performance gain.

In this paper, PSSK modulation is adopted as a basic modulation
platform. As PSSK is a kind of hybrid modulation technique com-
bining PPM and PSK(D. K. Kim and H. S. Lee, 2009). It includes
a silence period in a symbol period and applies a lower one-step

modulation order, allowing it to perform better than a PSK with
the same modulation order (Edward A. Lee and David G. Messer-
schmitt, 1993). MRC diversity is adopted to aggressively suppress
the fading influence. MRC diversity provides a method to maxim-
ize a performance gain by intentionally weighting and synthesiz-
ing the received signals of all branches (Murat Torlak, 2017).
MRC diversity has an advantage of producing output with an ac-
ceptable SNR even when none of individual signals are them-
selves acceptable (John G. Proakis, 1997). Convolution codes is
adopted to achieve an additional performance gain. A Convolution
code provides a method to identify and correct hidden errors the
mathematically most likely message from among the set of all
possible transmitted messages (BERNARD SKLAR. 2001).
Therefore, it is possible to avoid deep fading and achieve perfor-
mance gain simultaneously. As a result, the performance differ-
ence between PSSK and PSK system become larger due to diver-
sity and channel code effects. In order to verify the performance
enhancements of the proposed communication technique, we
evaluate the BER curves through computer simulation and derive
the performance equations.
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2. Communication model and performance
analysis
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Fig. 1: Simulation Process of Communication System.

Fig. 1 illustrates the simulation process of PSSK system using
schematic diagram. First, binary data are input to convolution
encoder in transmit stage. Here, coding rate is 1/2, constrain
length is K= [7], and the generators are [171], [133] (Begin, G.et
al., 1990). PSSK is one of the derivative modulation scheme com-
bining PSK and PPM. PSSK modulator determines the symbol
position in symbol period according to MSB value. Then, the
modulated signals are transmitted after pulse shaping with SRRC
filter. The transmitted signals are corrupted by multipath fading
and white noise. The fading model assumes Rician channels. In
this paper, it is assumed that each of signals is received via an
independent path. MRC diversity can capture and synthesize these
signal via independent paths using multiple antenna. Here, MRC
is a diversity scheme that maximized the SNR by multiplying all
signals by a weight coefficient. Then, the post-processed signals at
diversity stage is delivered to the demodulator. Finally, Viterbi
decoder is used to decode the bit-stream encoded with the convo-
lution code.

M-ray PSSK modulation is the combination of M/2-ary PSK and
PPM. M-ary PSSK firstly examines the most significant bits of
binary data, and then PSSK modulator maps M/2-ary PSK sym-
bols into the valid symbol position (D. K. Kim and H. S. Lee,
20009).
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Fig. 2: Constellation and Symbol Duration for (A) 8-PSK and (B) 8-
PSSK.

In Fig. 2(b), PSSK symbol duration is T/2 while PSK symbol

period is T as Fig. 2(b). Symbol error probabilityof 8-PSSK signal
in AWGN is derived as follows (Jung-Yeol Oh, 2010).

P(e) = 6Q(3y) )

Where v is bit energy per noise power spectral density ratio En/No.

In the considered communication systems, the wireless channel is
modeled as frequency non-selective slow Rician fading corrupted
by the AWGN process. The fading processes in the MRC diversity
channels are assumed to be mutually independent. The noise pro-
cesses are also assumed to be independent, with identical autocor-
relation functions. In Rician fading, the output instantaneous CNR
of MRC diversity becomes a random variable and its PDF can be
calculated as follows (I. S. Gradshteyn and I. M. Rhyzhik, 1994).
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Where Ti denotes the input average CNR. K represents the Rician
parameter. Further, I (-1 refers to the modified Bessel function of
the first kind and order (L-1).

The output average CNR of MRC diversity, I'o can be derived as
follows:

To = J, VsPurc(vs) dys = L - T} ®3)

Assuming that the received 8-PSSK signal corrupted by Rician
fading in each diversity branch is uncorrelated, we derive the SER
of 8-PSSK with MRC diversity reception by considering the varia-
tions of the instantaneous CNR and average CNR between the
input and the output of the MRC diversity circuit as follows:
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Where T (+) is Gamma function.

The performance of coded 8-PSSK system with MRC diversity is
simulated using computer simulation with matlab in Rician fading
channel.

3. Results and discussion

In this section, some simulation results for the proposed commu-
nication technique are presented using BER curve. As shown in
the following table, Convolution Code and MRC diversity are
used as basic communication technique in fading channels. To
verify the superior performance of the proposed communication
technique, we confirm BER of coded PSSK system with MRC
diversity by Rician K factor.

Table 1: Parameters of 8-Pssk System

Parameter Value
Modulation Type PSK and PPM
Modulation Order 8

Symbol Rate 3.0 Msps
Diversity Type 2-ary MRC

Channel Coding Type
Fading Channel

Convolution Code(7,[171,133])
Rician Channels(K=0~9)

Fig. 3 presents the BER of coded 8-PSSK system with 2-ary MRC
diversity in Rician channels. Fading depth can be set by steering
the Rician K factor. Here, Code rate is 1/2, constraint length is 7
and code generator is [171], [133]. As Rician K factor increases,
the fading depth also tends to decrease. As shown this figure, the
BER curves of PSSK system is clearly distinguished from BER
curves of PSK system according to Ex/No. Also as the Rician K-
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factor increases, the BER performance of both PSK and PSSK
systems improved overall.
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Fig. 3: BER of 8-PSK System and 8-PSSK System in Rician Fading
Channels.

Fig. 4 presents the BER curves of and 8-PSSK system with or
without MRC diversity or Convolution Coding in Rayleigh fading
channel. Also, to demonstrate the performance enhancement due
to the PSSK system, a comparative simulation with 8-PSK system
having the same condition as 8-PSSK system is performed. It can
be seen that the performance improvement is very high when ap-
plied together rather than separately applying the MRC diversity
and convolution coding. En/Nois 14.9 dB in BER=10" when only
channel coding is applied, and Ex/No is 15.1 dB in BER=10" when
only diversity is applied. And Ew/Nois 7.1 dB in BER when chan-
nel coding and diversity are applied. Even though Rayleigh fading
which is deep fading, it can be seen that hybrid effects of convolu-
tional coding and MRC diversity is very significant.
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Fig. 4: BER Comparison of 8-PSK System and 8-PSSK System in Ray-
leigh Fading Channel.

Fig. 5 presents the BER curves of and 8-PSSK system with or
without MRC diversity or Convolution Coding in Rician fading
channel (K=9). This simulation is the same as the preceding Fig.
4, except that the fading channel is different. As expected, synergy
effect related to the BER performance are significant when both
convolution coding and diversity techniques are applied. The 8-
PSSK system without channel coding and diversity technique has
as BER=10" at
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Fig. 5: BER Comparison of 8-PSK System and 8-PSSK System in Rician
Fading Channel (K=9).

En/No=12.6 dB, while the PSSK system with both channel coding
and diversity technique shows a significant performance im-
provement at BER=10 at En/No=4.0 dB.In case of the8-PSK
system, the 8-PSK system without channel coding and diversity
technique has as BER=10" at En/No=16.6 dB, while the 8-PSK
system with both channel coding and diversity technique shows
similarly significant performance improvement at BER=10" at
En/No=8.1 dB.

In summary, although the channel coding and the diversity tech-
nique can achieve the performance improvement only by them-
selves, it can be seem from Fig. 4 to 5, that the performance im-
provement is great when both of them are applied. In addition, we
confirmed that the fading influence is reduced when channel cod-
ing and diversity scheme is applied to this 8-PSSK system.

4. Conclusion

A In this paper, we propose a communication technique which
applies MRC diversity and Convolution Coding to 8-PSSK modu-
lation. By adopting 8-PSSK instead of 8-PSK, a performance gain
of 3~4 dB can be achieved. Here, if diversity gain and channel
coding gain are applied together, the performance difference be-
tween 8-PSSK system and 8-PSK becomes larger. The simulation
results are summarized in Fig. 3 to 5, and it can be confirmed that
there is a significant performance difference depending on wheth-
er or not the channel coding and the diversity technique are ap-
plied. In summary, we have confirmed through computer simula-
tion that the proposed communication technique can contribute to
improving the QoS of low power communication.
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