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ABSTRACT3 We developed a method for optimal
superframe designin the multi-frequency time division multiple
access (MF-TDMA) returndink of a satellite multimedia
interactive network called a digital video broadcasting return
channel over satellite (DVB-RCS) sub-network. To find the
optimal superframe pattern with the maximum data
throughput, we formulated the design problem as a non-linear
combinatorial  optimization problem. We also devised the
proposed simple method so that it would have field
applicability for improving radio resource utilization in the
MF-TDMA return link.

[. INTRODUCTION

The digital video broadcasting (DVB) return channel over
satellite (RCS) system is a geostationary earth orbit (GEO)
saellite interactive network providing multimedia, including
Internet traffic service [1]-[2]. Worldwide companies and
industries are developing broadband interactive satellite
systems. Recently, their commercial availability was
announced [3]. It is expected that the network access demand
will increase and, therefore, strategies to achieve high
utilization of the limited available radio resources are of great
importance to accommodate the increase of demand at the
lowest possible cost.

For thereturn link in DVB-RCS systems, sincethereisneither a
broadcagting effect asin theforward link nor reuse efficiency asin
cdlular systems, achieving high capacity with limited radio
resources is an important focus of investigation. The European
Telecommunications Standards Indtitutes DVB -RCS standard [2]

Manuscript received Dec. 29, 2001; revised May 3, 2002.

Ki-Dong L ee (phone: +82 42 860 5225, e-neil: kdes@etri.rekr), Y ongHoonCho(enrell:
ladder @etri.re.kr), Seung Joon Lee (email: sj.lee@etri.re.kr), and Ho-Jin Lee (e-nel:
hjlee@etri.re.kr) arewith the Satellite Multimedia Research Team, ETRI, Dagjeon, Korea

ETRI Journal, Volume 24, Number 3, June 2002

cals for a return link using a multi-frequency time division
multiple access(MFTDMA) scheme. Thus, we were motiveted to
find the optima superframe pattern providing maximum data
throughput in an MFTDMA scheme for the DVB-RCS return
link. The proposed method could be applied to superframe design
problems in the practical development of an interactive satellite
multimedia network.

1. OPTIMAL SUPERFRAME DESIGN

1. Frequency Utilization Modd of the Return Link

In this Ietter, the totd available resource is defined as a specific
region (whether finite or infinite) in the time-frequency plane
(us*¥MHz) . Weconsider thetotal bandwidth resource W inour
resource utilization model of the DVB-RCS return link. The time-
frequency resource is partitioned into superframes, a superframe
into frames, and aframeinto timedots (Hg. 1). In MFTDMA for
DVB-RCS, transmission is organized in superframes. The time-
frequency plane of the region (-¥,¥) [-W/2W/2]
is divided into sperframes [mTy,(M+DT] [-W/2+
(n- W, ,-W/2+nW,] for mi Zand n=1---,y, .
Each superframe [mTg,(M+)T ]  [nW,,(n+D)W,] is
partitioned into time-frequency frames [mTg +(k - DT,,
mlg + KT, 1" [n\Wg + (I - DW, ,nWg +IW, ]for k =1,---,%;
and | =1,---,y, . Thetotal number of frames in a superframe
is X xy,.Each frame [mT,,(Mm+DT,]" [nW,,(n+)W, ]is
partitioned into time-frequency timedot streams  [mT, ,(m+1)T, ]’
MW, + (I - DW,,nW, +IW] for | =1---,y,. A timedot
stream  [mT,,(M+2)T,]" [nW,,(n+)W,] conssts of
concatenated timeslots in a predetermined order as follows: one
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CSC (common signding chennel) timedot of duretion T, one
ACQ (acquisition) timedot of durdtion T, , X, SYNC
(synchronization) timedots with atotd duration x,,, T, ad
X,s TRF (traffic) imedotswith atotd duration X, T, where
we have T, =T +T. X Tgne t X Ty - The totd
number of TRF timedots per frameis x,, 0¥, . Each timedot
contains a burst surrounded by guard time G, and guard
band G, . A CSC burs condds of a 256 symbol preamble
and a 150 symbol encoded burs, an ACQ burs of a 256
symbol preamble, a SYNC burst of a 256 symbol preamble
and a 182 symbal encoded burst, and a TRF burst of a 48
symbol preamble and a [8(53x,,, +16) + 6] symbol encoded
burs, where x,, denotesthe number of ATM cdls per TRF
timedot, and Reed Solomon outer coding and Convolutiona
inner coding areused [2].
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Fig. 1. Superframe structure in the time-frequency plane.

2. Problem Formulation

Our mgor focus was on finding a supeframe pettern with
the maximum net information rate (NIR) of users. Normdizing
the NIR by the bandwidth and the duration of a superframe
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yiddsan objective written as
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a congant dencting the number of user informetion bits per
ATM cdl.
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We musgt condder the symbol rate S and the roll-off factor
a in determining the bandwidth of a timedot W, . With
quadrature phase hift keying (QPSK), the bandwidth of a
bus W, -G,) shouldbeegud to (1+a)S (MHz),andit
takes n/sps to trangmit n symbols. The n symbols can
be transmitted with a time-frequency resource with a sze of
(I+a)S/s=(1+a)n (usMHz), which is not dependent
on S. For example, with asymbol rate S = m[5, the same
time-frequency resource is sufficient, the required bandwidth is
ml+a)S (MHz) , and the trangmisson time will be
n/(ms) us . However, the capacity is dependent on the
bandwidth (W, -G,,) and the duraion (T eqo-ype ~Gr) »
dthough the timefrequency resource is the same With
a =035 asin[2],itis 1.35n asshownin (2)-(5).

Condraints (6)-(8) show that the numbers of superframes
frames, and carriers are upper-bounded in the frequency domain.
Condraints (9) and (10) show that superframe duration and the
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number of frames are upper-bounded in the time domain.
Congraint (11) shows that a frame has X, SYNC timedots
and x,, TRF timedots induding one CSC timedat and one
ACQ timedot in thetime domain. Egs (12) and (13) show thet a
frame has a mogt 2048 TRF timedots and a superframe has &
mog 32 frames In (14), c, is the target cgpadity for the
number of smultaneoudy ective RCS terminds (RCST9). If
there are alat of short payloads, such as web browsing requests,
the optimd vdue of X, might be less then 4 in redlity.
According to the payload (treffic) cheracteridtics, varidble x,

could be regricted by an additiond condraint. However, an
RCST is generdly a group terminal where payloads are merged
beforetranamissonin DVB-RCS.

3. Solution Method and Numerical Examples

The optima design of the frame pattern is known as an NP-
Complete problem [4], [5]. The Lagrangean relaxaion
dgorithm [6] and a.column generation technique [ 7] arewiddy
used for finding the near-/globd-optimum of NP-Complete
problems. Even though the objective is not linear, an
optimization problem could be smply solved by norHlinear
convex programming techniques if the objective and feasible
st are dl convex [8].The objective and condraints of our
problem (P) are not linear, and the feasible sat cannot be
guaranteed to be convex. Thus, solving (P) is more difficult
than solving a generd Kngpsack-type problem with a linear
objective and condraints. We can eesly show that (P) canbe
reduced to a pure integer programming (IP) problem that can
be solved by asmple agorithm.

Some important properties are andyzed for a smple and
exact solution dgorithm. At the optimum, equdity holdsin (6),
(7), (8), and (10). Using (6), (7), and (8), we can express red
vaisbles W, , W, , and W, by W, vy, y,, and Vy,.
Using these results with (2)-(5), and (10), we can express (9)
and (11) asapurefractiond integer condraint. Thus, (P) can
be reduced to apure | P problem.

Condgder asub-problem where some of the decison variables
arefixed. For any given (yg,Y,.Y,) ad X, inthefeadble
S, (Xt s Xne s Xeat) :(L2048/ ytJ"VCR I(X; ¥y y‘)—‘,4) is the
bes. With the given (yg,Y;,Y,) and the best (X, Xync) 5
T, is degermined by (2)-(5), and (11), with the result that
X, =|Uy /T, | is the best. If there is a least one decision
vaiable that vidates the postive condraint, it means tha the
sub-problem is infeasible, and anew st of (y4,Y,,Y,) ad
X; mug be consdered. Since R(X,y) is neither convex nor
lineer over the feasble st of y, the problem is not essly
solvable. An enumerdive method could be used to find optimal
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y (integer vaiables y,, y,, and y, have the respective
upper boundsin the feasble set). The agorithm efficiency isnot
an important requirement in the superframe pattern design.
However, developing an effident dgorithm is an interesing
futurework.

In our numerical example, system parameters are specified
asshowninTablel. G, and G, aedesgnpaameersand
their ranges have been pecified through smulation and chosen
within the respective ranges. The spedified valuesof U, and
C; awe based on the development specificetions of ETRI's
BSAN sygem[9].

Table 2 shows the reaults of our numericd example The
optima solution vector is (x',y’) =(13,4,1024,4,1,2,2) .
With this supaframe paten, the maximum number of
dmultaneoudy active RCSTsis 208 (the number of SYNC dots
per superframe) and the maximum NIR (i.e, the upper bound of
the retum link capadity) is R(x',y") =12.999 Mbps (using
QPSK and ¢ =384 hits). With 12.999 Mbps, 90 RCSTs
with the maximum average rate 144 kbps, 180 RCSTs with
72 kbps, or 203 RCSTswith 64 kbps aedlowable

Table 1. Parameter values of our numerical example.

MHz us # of items
W 224 Up 10000000 Cr 200
Gu 0.1 Gr 12
Table 2. Numerical results.
Optimal solution MHz ps
X 13| Wy 24| Tg4 6291857
Xsne 4 W n2 T 483989
Xirs 1024 | W 56| T 111
Xcell 4 Tacq 74
Yy 1 Tone 100
7 2 Tot 472
Yy 2
I11. CONCLUSIONS

We developed amethod for optima superframe pettern design
for the DVB-RCS MFTDMA return link so that the system data
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throughput is maximized. To find the optima superframe paitern,
we formulaed the dedgn problem as a nonHinear
combinatoria  optimization problem. The proposd
optimization approach can be used for throughput performance
improvement in the DVB-RCS return link based on M
TDMA.
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