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Evaluation of a Layered Coding Scheme for Integrated Mobile Satellite
Systems
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ABSTRACT

This paper evaluates the performance and effectiveness of a layered coding scheme for an integrated mobile
satellite systems, where the main target services are multimedia broadcasting and multicasting services (MBMS).
In this integrated system, the satellite and complementary ground components (CGC) cooperate to provide high
quality services. A layered coding scheme is a receiver driven adaptive schemes which adapts to the channel
condition at the receiver. In this paper, we introduce a layered turbo coding scheme, and evaluates the
performance in various scenarios, and discuss its effectiveness. The demonstrated results in the paper can be

utilized in order to design an efficient integrated mobile satellite system, in the future.

complementary to and operates as part of the MSS

I. Introduction system and, together with the satellite component,

provides an integrated service offering [2]. In such

The satellite can provide the best and most systems, the ground segment is controlled by the
comprehensive coverage for low—density populations, satellite resource and network management system.
while the terrestrial network or the ground Further, the ground component uses the same
component can provide the highest bandwidth and designated portions of the frequency band as the
lowest cost coverage for high—density populations in associated operational MSS system. An integrated
urban environments [1]. system provides a combined (integrated) single

International ~ Telecommunication  Union  (ITU) network that uses both a traditional MSS link and
defined ‘an integrated Mobile Satellite Service (MSS) terrestrial transmission paths to serve mobile
system’ as a system employing MSS and a ground end—-users. With proper network planning and control
component where the ground component is of both the space and terrestrial segments of the
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system, the operators can use the assigned spectrum
extensively and efficiently to provide indoor and
outdoor coverage in urban, suburban, rural, and
remote areas, including direct satellite service to
small handsets.

A typical integrated system comprises one or
more multi-spot beam satellites and a nation-wide
or regional ensemble of terrestrial cell sites, where
both terrestrial and space components communicate
with mobile terminals using a common set of MSS
frequencies. The global ‘umbrella’ coverage is
supplied by the satellite systems, mainly based on
geostationary earth orbit (GEO) satellites.

MSS systems can provide ubiquitous connectivity
through their wide—area coverage characteristics and
offer instant and reliable communications within their
coverage area, while terrestrial-based networks have
their strength and traditional role in providing high
capacity communication networks in suburban and
urban areas, including inside buildings.

Multimedia broadcasting and multicasting services
(MBMS) is a broadcasting service that will play an
important role in future mobile system. We can
expect an integrated scenario where the satellite
cooperates with the terrestrial segment to provide
mobiles users with MBMS service. Due to the
unidirectional nature of MBMS, downlink strategies
should be focused on improving the performance.
Recently, various cooperative transmit diversity
techniques have been proposed for these integrated
networks, using repeaters as the ground components
with appropriate signal processing capabilities. In
these schemes, the user terminal with multi-path
signals from the satellite and terrestrial components
can achieve spatial and time diversity gains. As the
name transmit diversity indicates, these techniques
are basically driven at the transmitter.

On the other hand, there are some techniques
driven at the receiver, and these are hierarchical
modulation and layered coding techniques. In these
methods, the receiver operates adaptively by itself
without any control commands. The hierarchical
modulation is one of the most popular adaptive
schemes that can be applied to MBMS applications
[3]1, and the purpose of this adaptability is to allow
the service quality to be upgraded for a new
terminal while maintaining backward compatibility. On
the other hand, the layered coding scheme is used

to compensate channel impairments adaptively at the

receiver [3]. In this scheme, a receiver selects a

suitable demodulation/decoding scheme for the
channel condition without any knowledge of the
channel quality information (CQI) from the return
link.

In this paper, we investigate a layered coding
techniques which can be applied to integrated
satellite and terrestrial systems. We first introduce
the architecture for integrated mobile satellite
service (MSS) for MBMS. Next, we propose a
layered coding technique and develop it to
cooperative ways so that it can be effectively
utilized in integrated systems.

This paper is organized as follows. Section II
describes the system model of layered coding
scheme for integrated mobile satellite systems. In
addition, the integrated satellite and terrestrial
network architectures where cost—effective MBMS
can be provided will be discussed. Section III
presents the proposed layered coding scheme for
Section 1V

presents the performance simulation result. Finally,

integrated mobile satellite systems.

we draw conclusions in section V.

O. System model

1. Integrated mobile satellite system for MBMS

Recently, the ITU defined the concept of an
integrated MSS system, as a system employing MSS
and a complementary ground components (CGC)
where the ground component is complementary to
and operates as a part of the MSS system and,
together with the satellite component, provides an
integrated service offering [2]. In such systems, the
CGC is controlled by the satellite resource and
network management system. Further, the CGC uses
the same designated portions of the frequency band
as the associated operational MSS system.

Figure 1 shows the system architecture of an
which

designed to provide MBMS in a cooperative way. In

integrated satellite—terrestrial network
this network, a satellite in the geostationary orbit
(GEO) and an ensemble of CGCs are deployed. The
main purpose of these CGCs is to relay the satellite
signal to the users who are not in prevailed line of
sight (LOS) condition, such as in urban areas.

The main purpose of these CGCs is to relay the

satellite signal to the users who are not in prevailed
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line of sight (LOS) condition, such as in urban areas.

Gateway

A &
PSTN/PLMN (@
PSDN/WWW %

Fig. 1. An architecture of integrated mobile satellite system
providing MBMS

Urban area

2. Layered coding scheme for satellite system

In MBMS, coding may be designed to address the
worst case fading condition. The receiver can
choose to operate either with the symbols encoded
using the high rate code, or with the symbols
encode using the low rate code, according to the
required BER and the received SNR. The layered
coding scheme was proposed in [4] with serially
concatenated turbo codes, and demonstrated
performance improvement. It is used to compensate
channel impairments adaptively at the receiver. A
receiver selects a suitable demodulation/decoding
scheme for the fully concatenated codes, so that it
can produce a large coding gain. A receiver in the
mild channel condition selects a decoding scheme for
a simple outer code only and, thus, reduces the
decoder complexity [1].

Figure 2 illustrate an example of the layered
coding scheme. As shown in Fig. 2, the user
terminal can use a suitable demodulation/decoding
scheme according to the channel condition. A user in
good channel condition detects a QPSK symbol,
consisting of one parity bit and one systematic bit,
from a received symbol, and estimates the original
information by using a single step decoder such as
the Viterbi decoder for Encoder 1 [4]. On the other
hand, the user terminal in bad condition detects a
8-PSK symbol consisting of two parity bits and one
systematic bit, and estimates the original information
using an iterative decoder such as turbo decoder.

An efficient layered coding scheme with block

turbo codes (BTC) which may produce various
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combinations with A/-ary modulation was introduced
in [5]. In this scheme, the BTC consists of
multidimensional product codes that can be separated
into lower dimensional codes and operate in different
ways. The user terminal can choose to operate
either with the symbols encode using the high code
rate BTC (ower dimensional code), or with the
symbols encoded using the low code rate BTC code
(high dimensional code) according to the required bit
error rate (BER) and the received signal to noise
ration (SNR).
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Fig. 2. The structure of the layered coding scheme

II. The proposed layered coding scheme

Although receiver diversity may achieve high
performance gain, it is impractical to implement
multiple receive antennas at a small user terminal.
Considering this, based on the advantage that the
CGC can provide low cost coverage in high-density
population areas, the CGC should have additional
encoding capability rather than merely being used as
a frequency converter and amplifier, and the user
terminal should have

decoding capability.

Furthermore, we need a delay compensation
algorithm in order to make the signals from the
satellite and the CGC arriving at the same time to
the user terminal.

In the proposed scheme, we utilize the advantages
of the CGC, which relay the satellite signal to the
user terminal, and applied the layered coding scheme
to the transmit part. At the CGC, we may increase
the modulation to higher order in order to transmit
more information. It can viewed as hierarchical
modulation applied to channel coding schemes.
Hierarchical modulation scheme consist information
bits in a basic layer and an enhancement layer [3].

The user terminal can receive the symbols from
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basic layer and enhancement layer, then the user
terminal can  demodulate  with  high  order
demodulation scheme to recover the information bits
in both basic and enhancement layer, or at least
detect QPSK symbol with the basic layer, which is
depended on the channel condition of the user
terminal.

Figure 3 shows one of the system architecture
where the proposed scheme is utilized. As shown in
figure 3, the satellite and the CGC component an
integrate system for MBMS. In this scenario, the
satellite and CGC may cooperate to transmit signals,
and the CGC have a signal processing capability to
re—process signals rather than being a simple
amplifier. By applying this idea to integrated satellite
system employing CGC, a lower order modulation
symbol with basic layer is transmitted through the
satellite. After receiving the satellite signal at the
CGC, enhancement layer information is added and
the symbol is transformed to a higher order
modulation symbol. By this way, the signal
transmitted to the satellite will not have serious
nonlinearity problem caused by traveling wave tube
(TWTA) at the

Therefore, the user terminals can use a suitable

amplifier satellite transponder.

demodulation/decoding scheme.

Satellite X%

| §PSK

s Tterative turbo decoding
) % [sala] o
2 Viterbi decoding

sl
RSy

Gateway

N

Vilerhi llrtl.'ﬂdmil and Turho encoding
(QPSK symbol with 1 systematic bit {s) and one parity bit (p) for R=1/2 convolutional code

m 8-PSK symbol with | systematic bit (s) and two parity bits (p;,p.) for B=1/3 mrba code

Fig. 3. The proposed layered coding scheme

According to Fig. 3, the satellite and CGC transmit

different parity symbols in a rate—compatible
punctured turbo code. The satellite transfers QPSK
which is consisted of a

modulation  symbol

systematic bit s and a parity bit p;. Consequently, a
punctured code with rate 1/2 is formed. At the
CGC, after receiving the QPSK symbols, additional
parity information bit p, is added and form 8-PSK

symbol with code rate of 1/3. As shown in Fig. 3,
the satellite transmits an encoded signal which
modulated by QPSK, s;, to the CGC and the user
terminal in the ground. After the CGC received the
signal s;, the other one parity bit is added and
transform the received signal s; to a 8-PSK
modulated signal s,, then retransmits it to the user
terminal Fig. 1. Simultaneously, the user terminal will
receive the same signal which directly transmitted
from the satellite. The received signal r at the user
terminal can be represented by,

= 8,hy + syhy +n, (D
where, s;, s, are the signals transmitted from the
satellite and the CGC separately. h; and hy are the
channel between the satellite to the user terminal,
and the channel between the CGC to the user
terminal. n is independent and identically distributed
(i.i.d.) complex Gaussian variables. Subsequently, the
user terminal can detect the received signal r
depending on the channel condition, the user can
detected r using QPSK demodulation scheme and
extract two bits consisting of one systematic bit and
one parity bit. Then, a decoder for the rate 1/2
turbo code is employed. On the other hand, the user
can detect the received symbol r with 8-PSK
demodulation scheme and extract one systematic bit
and two parity bits. Then, a decoder for the rate
1/3 turbo code is employed. In the situation when
both QPSK and 8-PSK modulation signals received,
we can still detect, at least QPSK symbol with rate
1/2 code.

IV. Performance evaluation and discussion

This section presents the performance simulation
results of the proposed layered coding scheme. The
performance of the proposed cooperative techniques
can be varied depending on the signal availability
and its detection scheme at the user terminal. We
use a duo-binary turbo code specified as forward
error correction (FEC) schemes in the IEEE 802.16
standard with an information block size of N =192
symbols, i.e 2N bits. The encoder generates 3N
symbols with the code rate of the mother code, 1/3
for the information with symbol length of /N. The

Max-log—MAP algorithm was used as an iterative
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decoding algorithm, and the maximum iteration
number is limited to eight.

Figure 4 shows the BER comparison of the
proposed scheme over a Rayleigh fading channel.
Comparing to the conventional scheme, i.e., the CGC
directly retransmits the symbols received from the
satellite without additional information. Therefore,
the performance of the conventional scheme and the
proposed scheme are different depending on the

modulation schemes of s, and denoted by symbol,

i.e.,, M, and M,.
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Fig. 4. Performance comparison of the proposed scheme and
conventional turbo coded QPSK schemes

Table I shows main parameters for M, and M,.
In scheme A/, we transmit an information bit and a
parity bit in a QPSK symbol s;, in this case, the
code rate is 1/2. In M,, we transmit an information
bit and two parity bits in an 8-PSK symbol s, with
the code rate is 1/3. Clearly, in these two schemes,
the modulation scheme of s; which transmitted from

the satellite is fixed. The wuser terminal can
demodulate the received symbols with high order
8-PSK  demodulation

demodulation scheme, i.e.,

scheme.

Table 1. Layered coding scheme employing 2 operating modes

Modulation Code

- Demodulation
Ty Ty rate
M, QPSK QPSK QPSK 1/2
M, QPSK 8-PSK 8-PSK 1/3

On the other hand, CGC can provide low cost
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power than the satellite. For this reason, in our
simulation schemes, we compare M, and A, with
various power ratio in order to see the advantage of
the proposed scheme. As shown in Table 2, where

P, denotes the power ratio of the satellite to that
of the CGC. P, and P, are the power of the
satellite and CGC, respectively, and P, = P,/P,.
According to Fig. 4, when P. =1, M, cannot obtain

r
any channel gain compared with A;. Nevertheless,
it is easier to increase the power of the CGC.
Assuming we increase the power of CGC to 10 or
100 times of the satellite, the user terminal can

obviously enjoy better performance as shown in Fig,
4,

Table 2. Power distribution for two operating modes

- P.=1 | P.=10 | P,=100
M, P,=0.01| P,=0.01 | P, =0.01
M, P,=001| P,=01 | P,=1

V. Conclusion

In this paper, we evaluated the performance of a
layered coding scheme which can be applied to an
integrated satellite and terrestrial system. We first
introduced a system configuration of the integrated
satellite and terrestrial system where we can apply
the layered coding scheme with turbo codes. The
CGC add additional information and retransmit to the
user terminal. By this way, the user terminal can
achieve either performance gain due to signal
diversity or complexity reduction by adapting to the
received signal quality. The simulation results
investigated in this paper demonstrate that the
proposed scheme may be effectively utilized for
provision for mobile satellite

economic service

systems.
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