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Packet Scheduling in Interactive Satellite Retum Channels for Mobile

Multimedia Services Using Hybrid CDMA/TDMA

Ki-Dong Lee, Ho-Kyom Kim, and Ho-Jin Lee

Abstract — Developing an interactive satellite mdti-
media system, such as a digital video broadeasting
(DVB) return channel via satellite (RCS) system, is gain-
ing popularity over the world. To accommodate the in-
creasing raffic demand, we ave motivated to investigate
an alternative for improving reham channel utilization,
We develop an efficient method for optimal packet
scheduling in an interactive satellite multimedia System
using hybrid CDMA/TDMA charmels. We fornnidate the
timesiot-code assignment problem as a binary integer
programming (BIP} problem, where the throughput
mepimization is the objective, and decompose this BIP
problem into two sub-problems for the purpose of sohu-
tion efficiency. With this decompasition, we promote the
computational efficiency in finding the optimal sohdion
of the original BIP problem. Since 2001, ETRI has been
involved in a development project, where we have suc-
cessfully completed an initial system integration test on
broadband mobile hiternet access via Ku-band channels
using the proposed resowrce allocation algorithm.

Index Terms — Packet scheduling, throughput, satel

lite, hybrid TDMA/CDMA, DVB-RCS.

ACRONYMS

CDU CDMA demodulation unit

CR Capacity request

DvB Digital video broadcasting

ETSI Buropean telecommunication standard in-
stitute

MEF. Multi-frequency time division multiple ac-

TDMA cess

RCS Return channel via satellite

TCAP
TBTP '

Timeslot-code allocation problem
Terminal burst time-code plan

The anthers are with Radio & Broadcasting Lab, ETRI, 161
Gajeong-dong, Yaseong-gu, Daejeon, 305350, Korea (Tek
+82 42 860 5225, e-mail: kdlee@etrirekr),
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Fig.1 Capacity request (CR) and allocation.

L INTRODUCTION

Developing an interactive satellite rulttimedia ISM)
network, such as digjtal video broadcasting (DVB) re-
tum channel via satellite (RCS) networks, has become
one of hot issues. The DVB-RCS network is a geosta-
tionary earth ombit (GEO) satellite interactive network
providing multimedia, including Intemet traffic service
(11, [2]. Worldwide cormpanies and industries are devel-
oping broadband interactive satellite systerns, and its
commercial availability has been announced recently [2],
[3]. Terminals of most DVB-RCS systems are immuobile.
However, mobile wireless commmunication should be
provided for a wide marketability. Thus, we consider a
mbility-supported interactive satellite system using hy-
brid TDMA/CDMA retum channels over Ku-band.
Such mobility-supported services using a GEO satellite
over S-/L-band channels can be found (e.g, the Inmar-
sat). However, these are narmow band communication
services (about 12Kbps is available) whereas cur system
using Ku-band channels is a broadband service (about
384K bps is available) [4]. Several scheduling algorithms
for DVB-RCS are found in the literature [5), [6]. How-
ever;, these algorithms are based on MF-TDMA and
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thus we need a new algorithm for a mixed scheduling
for timeslot and code assignment in this hybrid
TDMA/CDMA scheme.

In order to acoommodate increasing network access
demand at the lowest possible cost, it is imperative to
achieve high bandwidth utilization. In the retum link of
ISM systerrs, since there is neither a broadcasting effect
as in the forward link nor high rense efficiency as in the
present and emerging cellular systems, achieving high
capacity with limited available radio rescuross is an im-
portant focus of investigation [7]. We consider a retum
link (terminal to hub via satellit€) using a hybnd
TDMA/CDMA scherre and develop a practical method
for making an optimal timeslot-code assignment sched-
ule for each superfrarre in a hybrid TDMA/CDMA re-
tum link so that the (weighted) throughput is maximized
51, (). [7]-

Introducing a penalty weight matrix for active termi-
nals and multiple service classes, we formmlate the time-
slot-oode assignment problem (TCAP) as a binary inte-
ger programming (BIP) problem. The penalty weight
matrix can be dynamically specified according to the
quality-of-service condition of each terminal, such as de-
layed service time, buffer overflow status, and so on. In
order to solve the BIP problem with cormputational effi-
ciency, we use the well-known problem decomposition
technique [8]. As a result, the BIP problem is decom-
posed into two sub-problems, where the optimal as-
signment amount vedtor is determined in the first phase
(solving the first sub-problem) and aterminal burst time-
code plan (TBTP) is determined in the second phase
(solving the second sub-problern). Performanoe analysis
shows that the proposed method provides both solution
efficiency and optimality. Thus, we believe that the pro-
posed method can improve the retum link throughput in
practical ISM systerrs.

II. MATHEMATICAL FORMULATION OF
TCAP

Our dhjective is to maximize the retum link throngh-
put for each superframe. The conputational complexity
is one of the most important requirerments to meet the
time constraint. Becanse the round-trip time in an inter-
active satellite network is about 500ms (retum up/down
links and forward up/down links), it is preferred to have
as short scheduling time as possible in order to sensi-
tively reflect fluctnating demands onto each TRTP.
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1. Retum Link Model

We consider an inferactive satellite nultimedia net-
work with one earth station (lmb), a GEO satellite, and a
murber of group terminals called satellite interactive
terminals (STIs). As shown in Fig. 2, we consider a hy-
brid TDMA/CDMA model [1], where a superframe,
which is defined a5 a spexific time-frequency block
Ty x Wy (s MHz) in the time-frequency domain,
includes a group of frames, and each frame, a specific
time-frequency block T, x W, consists of physical
random access channel (PRACH) timeslots
( Topqoy xW, ), acquisiion (ACQ) timeslots
( Tpoq x W, ), synchronization (SYNC) timeslots
(Tgne x W), and dedicated data channel (DDCH)
timeslots ( Tppey X W, ). The resources in our
TDMA/CDMA retum link, denoted by set S, are de-

fined as available TRF timeslats.
frequncy 0050
. X
W, superirame time
—
TV
W/I frame ..
= \
W[ PracH | ACQ | OPaCH | bbDcH DDCH
2 ¥
Tcsc Tacq T.s)mc Py I;Y/

2. Input Parameters and Control Variables
The scheduler periodically requires updated informa-
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tion such as the set of active SITs (denoted by set R,
where the mimber of elernents is limitedby R, ), and
the capacity demands of active SITs during T, (de-
noted by matrix D=[D,]).

A four dimensional amray X=[xfj,,] denotes the
timeslot assignment: xfﬂ, is unity if code j during
timeslot (/,7) is assigned to SIT %, zero otherwise.
%43 's are binary control (decision) variables of (TCAP).

3. Problem Formulation

Each SIT %€ R has a capacity upper bound Q) .
The problem of interest is how to allocate the available
resources per superframe to the SITs in order to mini-
mize the total penalty.

&x)=2a '[Dk —ZZZ%@,J
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As shown in (1), the dbjective of (TCAP) means a
weighted penalty, where the respective penalty increases
propartionat to 37 >" > x,;,, by factor a, if the as-
signment amountE4e$dthan the requested amount D, .
Constraint (2)) implies that the number of TRF timeslots
assigned to SIT % is not greater than the maximum
capacity (J; and than the requested amount D, .
Each SIT %k st be assigned a certain amount of ca-
pacity greater than or equal to the minimmm capacity.
Constraint (3) denctes a requirerment that a given frac-
tion of the demand should be assigned for each SIT.
Constraint (4) means that every TRF timeslot cannot be
assigned to more than one SIT.

(TCAP)
Minimize g(x)
Subject to constraints

> foj,, Smin{Qk,D,,},ke R

leFief jeC

@

ZZ le?jkzmin{gk:aka}>kER (3)
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where @, is a given threshold value denoting the
ninimal requirement on the fraction of assigned capac-

ity out of requested capacity. For example, consider a
case with @, = 0.5 . It means that at least 50% of the
demand D), mmst be assigned to SIT % . These
threshold values will be specified according to service
providers' policies.

1L Solution Method

We enploy a2 prablem decomposition technique in
order to reduce the computational burden to the paclket
scheduler. (TCAP) is divided into two sub-problems: the
optimal amount of resources to allocate to each SIT &
determined by solving the first sub-problemn, and a time-
slot-code allocation schedule (TBTP table generation) is
made with the solution of the second sub-problem. The
following figure presents the flow diagram of the pro-
posed solution method.

sPhase | starts

Store R,
BuldD [ 7]  Sortlal

=
Assign basic
amount for an.

Assign additional
amount for In

Phase |l starts

Tim estot-code
scheduling

S R

Packetize &
Send TBTP

IV. Performance Analysis and Discussions

1. Optimality
The dbjective shown in (1) denotes the (weighted)
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throughput (in timeslots), where a certain RCST may
have a higher priority than the cthers so that it can have
more TRF timeslets than the cthers. In this sense, our
optimization problem on CAP is to maximize the
thronghput. Thus, we can safely conclude that our algo-
rithm attains the maxinmum throughput by Proposition 1.

2. Conmputational Efficiency

Our simple algorithm has a linear complexity with re-
spet to |R|, |F|, and |S|, respectively. This
means that each factor affects the computational com-
plexity within a range of a linear conplexity. Also, aur
algorithm requires little amount of memory in a comput-
ing machine. This is a good point of our algorithm for
practical implementation.

3. Computational Results and Discussions

Fig. 5 shows the clusters of TRF timeslots assigned to
the respective RCSTs. As shown in the figure, the clus-
ter of each RCST is nurmbered from 1 (lowest frequency,
first in time) to | R| (highest frequency, last in time),
ordered in time then in frequency. According to CDU
characteristics, an RCST cannot use more than one car-
rier at the same time (using multiple carmers, but asingle
camier at a given timeslot). If O, <n,. - (Tp, /T,) it
can be sinply shown that our TBTP table generation al-
gorithmalways finds a feasible TBTP table that does nct
violate a certain constraint of “using nmiltiple carrers,
but a single camier at a given timeslot”.

We show computational results of our algorithms us-
ing randomly generated demand vedors. Table I shows
the superfrarme pattem, the available resource status, and
the number of logon RCSTs. Table I presents the times
elapsed in Phase 1 (finding z, ie, the allocation
amount for each SIT) and Phase 2 (finding Xx), which
shows the corrputational efficiency of ourmethod.

TABLEI
Superfrarme pattem used in our exanple.
Item Value
Wy W, 2
W, iW, 4
Tsf /T P 16
Myr 508
| 4] 3
4
|R| 3
&4
128

s | 508+2*16
TABLEII
Computational results (upper bound of elapsed time)
[F| R z X
3 32 0.010 0.010
64 0.010 0.010
128 0.010 0.020
4 32 0.010 0.010
64 0.010 0.010
128 0.020 0.020

Time in sec. Pentium I PC 1.0GHz

V. Concluding Remarks

We developed an efficient method for optimal packet
scheduling in an interactive satellite multimedia network
so that the system (weighted) throughput is maximized.
The timeslot-code assignrment problem was formulated
as a binary integer programming problem, which has
vast numbers of decision variables. We employed a
problem decomposition technique so that a remarkable
decrease in comrputational burden might be achieved.
Extensive computational results (will) show that the
proposed algorithm solves a throughput-maximizing
timeslot assignment problem within a short period of
time, much shorter than the designed superframe dura-
tion. Because of a fast convergence speed to the global
optimum, we believe that the proposed optimization ap-
proach can be used for throughput performance im-
provement in practical interactive satellite multimedia
networks.

Appendix

We briefly describe that any feasible solution found
by the proposed algorithm has optirmality.

The optimality of the proposed algorithm can be
proved by applying the concept of the Simplex method
[8] or by using the Complementary slackness theorem
[8]. Thus, we try to prove it along a similar but different
way. The outline of our proof is as follows.

Step 1: (LP-relaxation) Relax the integer constraint on
y and oonsider an LP-relaxed problem (LP: linear pro-
gamming).

Step 2: (Feasiility check) Check if the salution by
VEDTA algorithm is feasible.

Step 3: (Local optimality check) Check if that solution
is locally optimal.
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If there is no feasible direction immproving the objective
value at that solution, then the solution is locally optimal.
There is no feasible direction at that solution, and an evi-
dence can'be found in [9].

Step 4: (Global optimality check) Since an LP is con-
vex, a local optinmmis a global optimmam.

Since the feasible set of the original problem is a subset
of the LP-relaxed problem, the global optimum of the LP-
relaxed problem is the global optimam of the original
problem.
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